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ABSTRACT. Kwasnica C, Brown AW, Elovic EP, Kothari
, Flanagan SR. Congenital and acquired brain injury. 3. Spec-

rum of the acquired brain injury population. Arch Phys Med
ehabil 2008;89(3 Suppl 1):S15-20.

This self-directed learning module highlights the subpopu-
ations of traumatic brain injury (TBI) that are treated by the
ehabilitation practitioner. It is part of the chapter on TBI in the
elf-directed Physiatric Education Program for practitioners
nd trainees in physical medicine and rehabilitation. Specifi-
ally, this article focuses on the management of patients with
ild TBI, children, and individuals with acquired brain injury

rom other etiologies, such as anoxic events or neoplastic
esions. The clinical spectrum of TBI, from the most severe
resentation to the mildest, requires similar clinical skills to
valuate and manage.

Overall Article Objective: To describe the spectrum of
rain injury populations based on age, severity, and etiology.
Key Words: Brain concussion; Brain injuries; Brain neo-

lasm; Hypoxia, brain; Persistent vegetative state; Rehabilita-
ion.

© 2008 by the American Academy of Physical Medicine and
ehabilitation

.1 Clinical Activity: To evaluate a nursing home patient
who is reportedly still unresponsive 3 months after
her traumatic brain injury.

HE TERM DISORDERS OF CONSCIOUSNESS refers to
a spectrum of conditions seen after cerebral injury, includ-

ng coma, vegetative state, and the minimally conscious state.1

ost patients with severe traumatic brain injury (TBI) tran-
iently pass through a vegetative or minimally conscious state;
owever, a subset of these patients remains in these states for
n extended time. Most of the following discussion applies to
isorders of consciousness regardless of etiology. When rele-
ant, differences between traumatic and nontraumatic disorders
ill be highlighted.

oma
Understanding the distinction between coma and the other

isorders of consciousness rests on appreciating the difference
etween wakefulness and awareness. Wakefulness refers to the
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resence of sleep-wake cycles but does not imply awareness of
elf or environment, the hallmark of consciousness. Coma is
haracterized by a lack of wakefulness; patients’ eyes remain
losed, and there is no evidence of sleep-wake cycles on
lectroencephalogram. In TBI, coma results from damage to
he reticular-activating system in the brainstem or its connec-
ions to the thalami or hemispheres. In patients who survive,
oma usually resolves in 2 to 4 weeks.

egetative State
The vegetative state is characterized by the resumption of

leep-wake cycles, but there is still no awareness of self or
nvironment. It is thus also considered a state of unconscious-
ess. The use of terms such as persistent or permanent is
onfusing, and it is now recommended that they be avoided and
hat they be replaced with a description of the etiology and time
ince onset.2

inimally Conscious State
The minimally conscious state is present when the patient

hows minimal but definite evidence of self or exhibits envi-
onmental awareness. Signs of consciousness include sustained
isual fixation and pursuit, purposeful movements, emotional
esponses to salient stimuli, command following, and verbal-
zation. These actions suggest that a patient has regained con-
ciousness.1,2 When the presence of these behaviors is equiv-
cal, it is important to consider the complexity and frequency
f these signs and their relation to environmental stimuli.
mergence from the minimally conscious state is characterized
y interactive communication or functional use of objects.1,2

Differentiating between a vegetative or minimally conscious
tate has profound implications for prognosis and may even
ffect the continuation of life-sustaining treatment. Because no
athognomonic imaging or electrophysiologic findings apply,
he diagnosis must be made clinically. The rate of misdiagnosis
f the vegetative state is 35% to 45%, most likely the result of
lack of familiarity with the diagnostic criteria and the manner

n which assessments are often conducted.2

The assessment of a patient with a disorder of consciousness
nvolves evaluating whether his/her responses to various forms
f stimulation represent true awareness or are merely reflexive
r random. Clinicians should be familiar with those behaviors
hat can be reflexive and thus are not considered unequivocal
igns of consciousness (eg, yawning, auditory startle).1,2 The
ssessment should reflect what is known about a patient’s
ensory capacities and what is likely to be within his/her motor
epertoire. It is important to vary both the stimuli used (eg,
uditory, visual) and the responses that one is attempting to
licit (eg, motor, emotional).

Performance of multiple examinations at different times by
arious clinicians is critical for detecting subtle or fluctuating
igns of consciousness. Observations made by family members
hould also be collected. They are often well positioned to
licit responses from the patient, even if they sometimes mis-

nterpret the meaning of their observations. All efforts should

Arch Phys Med Rehabil Vol 89, Suppl 1, March 2008
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A

e made to optimize the conditions under which the evaluation
s performed by minimizing any potentially sedating factors
eg, medications, hydrocephalus, subclinical seizures) and by
aximizing the patient’s ability to respond (eg, evaluate pa-

ient in an upright position, in a quiet environment).
In ambiguous cases, consider a more systematic assessment

uch as an individualized quantitative behavioral assessment,
hich treats the stimuli and the target responses as operations

menable to simple statistical analysis.3 This type of assess-
ent is not a scale; rather, it is an approach to assessing

ndividual cases. Rehabilitation programs that frequently treat
isorders of consciousness should consider adopting a stan-
ardized scale as part of the routine assessment of these pa-
ients; several are now available and have recently been re-
iewed.2,4

The diagnostic role of ancillary studies such as functional
euroimaging and late event-related potentials is still to be
efined.5,6 These techniques have advanced our understanding
f the anatomy and pathophysiology of disorders of conscious-
ess. In particular, functional neuroimaging has shown a
reater activation (both in degree and extent) in the minimally
onscious state as compared with the vegetative state.5,6 In the
uture, these modalities may allow one to detect consciousness
n patients who appear to be vegetative7 or, at least, to identify
hose patients who are most likely to recover. Currently, how-
ver, there are not enough data to recommend the routine
linical use of these modalities for either diagnosis or prognos-
ication.

At this time, prognostication is still based on actuarial-type
ata derived from large groups such as those reported by the
ulti-Society Task Force on Vegetative State8 (table 1). Sev-

ral points should be noted about their findings. First, their
eport only addresses the vegetative state; at this time, not
nough data exist on the minimally conscious state to make
eliable individual prognoses. Second, the prognosis for a non-
raumatic vegetative state is much worse than for traumatic.
hird, patients who for 3 months have been in a vegetative
tate of traumatic origin still have a significant chance of
ecovering consciousness (35%) and even of attaining higher
evels of functional outcome (16%).

Finally, the report probably underestimates the probability of
egaining consciousness in people who have been in a trau-
atic vegetative state for more than 12 months. Although still

are, late recovery after experiencing a prolonged vegetative or
inimally conscious state is possible, and several such cases

ave been reported in the media in the last several years.9 One
f these people, in a minimally conscious state for 19 years, has
een studied extensively. A recent report10 suggested that
xonal regeneration may have been a possible mechanism for
he late recovery in this person.

For patients who are still in a vegetative or minimally

Table 1: Probability of Recovering Consciousness and Function at
12 Months Postinjury Among Adults in Persistent Vegetative

State 3 Months After Traumatic or Nontraumatic Injury

Recovery Level Traumatic Injury (%) Nontraumatic Injury (%)

Death 35 46
Persistent vegetative

state
30 47

Severe disability 19 6
Moderate disability or

good recovery
16 1

OTE. Adapted from the Multi-Society Task Force Report on PVS.8
onscious state, treatment has focused on 2 primary objectives. s

rch Phys Med Rehabil Vol 89, Suppl 1, March 2008
irst, there is physical rehabilitation, which optimizes the pa-
ient’s bodily health to minimize complications that might
nterfere with function if he/she recovers consciousness. Sec-
nd, attempts have been made to directly treat the underlying
eurologic damage. The rationale is to thereby accelerate neu-
al recovery through treatments such as medications, sensory
timulation, and deep brain stimulation. However, a recent
vidence-based review concluded that there was no evidence to
ecommend the use of either sensory stimulation or conven-
ional deep brain stimulation.11 Advances in our understanding
f the neural substrate of consciousness suggest that more
recisely targeted deep brain stimulation might be more suc-
essful; this possibility is being actively investigated.12

A variety of pharmacologic agents have been reported to
e helpful, including dopaminergic agents, other stimulants,
nd antidepressants.1,2 Recently, a multicenter observational
tudy13 found a positive effect of amantadine on outcome.
here have also been several intriguing reports of improvement

n consciousness with the use of zolpidem.14 Unfortunately,
here are no prospective controlled trials evaluating the use of
hese medications in chronic disorders of consciousness, so
linicians treating these patients will need to use these agents
mpirically.

Paralleling the increase in scientific interest in disorders of
onsciousness, increased attention has been paid to ethical and
egal issues.15 One of the most pressing unsettled questions is
hether it is acceptable to withdraw care from a patient who is

n a minimally conscious state. This decision is analogous with
airly well-accepted practices for patients in a vegetative state.
ur lack of knowledge about prognosis for patients who are in

he minimally conscious state complicates our ability to answer
his question. Furthermore, more clarification is needed con-
erning concepts such as quality of life (QOL). What might
OL mean, for instance, for a minimally conscious patient who

eems to be in no pain and even appears to experience plea-
ure? Answering these ethical questions will be as important as
dvancing our scientific knowledge in enabling us to care for
hese patients.

.2 Clinical Activity: To provide a treatment plan for a
43-year-old man with spastic quadriplegia who had a
cardiac arrest while playing tennis 3 months ago. The
patient was unattended for approximately 5 minutes
before basic life support was initiated. He shows pos-
turing and myoclonus, and he inconsistently follows
simple commands.

n Overview of Out-of-Hospital Cardiac Arrest
The vast majority of people who sustain an out-of-hospital

ardiac arrest succumb to their illness. Herlitz et al16 reported
hat between 1980 and 1992, of 3434 patients who suffered an
ut-of-hospital cardiac arrest, only 704 arrived alive to the
ospital. For those who survive, anoxic/hypoxic injury is one
f the most devastating injuries that can be sustained.

erebral Injury Sustained From Anoxia
Because the hippocampi and cortex are particularly sensitive

o decreased oxygen delivery, anoxic injury results in signifi-
ant cognitive and memory impairments. The basal ganglia and
erebellum are other regions that are sensitive to anoxia. In-
ufficient oxygen to these areas results in movement disorders,
hich include parkinsonism, chorea, tics, athetosis, ataxia,
arious forms of dystonia, and acute or chronic myoclonic

yndromes.17
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unction and Prognostication of Survivors of Cardiac
rrest
The prognosis of anoxic brain injury is far worse than that of

BI, as shown by a study18 of 51 people who had survived
ardiac arrest for at least 2 weeks who were followed for 1
ear. Almost a third of them (16/51) died within 90 days of the
vent, but only 3 died after discharge from the hospital. The
esearchers found that the majority of recovery occurred by 45
ays, and almost all recovery occurred by 3 months. At 1 year
ostinjury, 43% were dependent in motor performance and
8% in social cognitive tasks.
A recent meta-analysis19 reviewed the literature between

966 through 2003 concerning patients who were comatose
fter cardiac arrest. The reviewers identified 5 early clinical
ndings that strongly predicted death or poor neurologic re-
overy: absent corneal reflex at 24 hours, absent pupillary
esponse at 24 hours, absent withdrawal response to pain at 24
ours, and no motor response at 24 and then 72 hours. They
ound no clinical sign that predicted a good recovery. Their
ndings noted that 77% had a poor outcome, and a survivor
ithout brainstem reflexes at 24 hours and no motor responses

t 72 hours had a very poor prognosis for meaningful neuro-
ogic recovery.

reatment of Cognitive Disorders From Anoxia
Treatment to address the cognitive disorders that result from

noxia differs little from that described for the TBI population
iscussed elsewhere in this review. In a case series of 5
atients, a limited benefit with levodopa and bromocriptine in
he treatment of apathy and motor impairment had been noted,
ut no benefit was noted in the treatment of memory impair-
ent.20 The use of cholinergic medications to improve cogni-

ion in this population has not yet been well studied.

osthypoxic Myoclonus
Myoclonus is the term used to describe sudden involuntary

ction of a muscle or a group of muscles. There are 2 different
ypes of myoclonus that occur after anoxic insult. Acute post-
ypoxic myoclonus occurs within the first 24 hours after injury,
nd it consists of severe flexion movements. This acute form
ccurs in 30% to 40% of cases and is essentially unresponsive
o treatment. Chronic posthypoxic myoclonus, also called
ance-Adams syndrome, typically begins within a few days to
few weeks after hypoxic injury.17 Its incidence is unknown,

nd there are only 122 documented cases in the literature.21

he myoclonus primarily affects the limbs when movement is
ttempted, but it can spread to other muscles. The symptoms
isappear with relaxation and tend to be worse when more
recise movements are required, greatly complicating perfor-
ance of activities of daily living. Negative myoclonus, in
hich uncontrolled relaxation of the limbs occurs, can impair
alance and result in falls.
Treatment of myoclonus can be very challenging. Clonaz-

pam, valproate, and piracetam are considered first-line treat-
ents, and some authors report on significant efficacy. The

gent 5-hydroxytryptophan has also been suggested as possibly
eing effective. Other medications reported to be effective in
ome patients include baclofen, diazepam, ethanol, and methy-
ergide. Several medications (phenytoin, primidone, phenobar-
ital, tetrabenazine) are reported as not significantly efficacious
n any case of chronic posthypoxic myoclonus. Several newer
gents that are shown to be effective include levetiracetam and

-hydroxybutyric acid.17 c
ther Movement Disorders Associated With Anoxia and
ypoxia
Other movement disorders associated with hypoxic injury

nclude akinetic-rigid syndrome and posthypoxic dystonia.
kinetic-rigid syndrome usually is a symmetric condition char-

cterized by combinations of bradykinesia, micrographia, axial
nd appendicular rigidity, resting or postural tremor, and pos-
ural instability. Akinetic-rigid syndrome usually develops
ithin 3 months after injury and is fairly constant. Posthypoxic
ystonia can affect the limbs and face and progresses to a
ymmetric, generalized dystonia. The dystonic syndrome de-
elops over 10 months, with gradual progression. Treatment
ith parkinsonian medications is of very limited help.17

.3 Clinical Activity: To evaluate a 50-year-old male ex-
ecutive who presents complaining of irritability, head-
aches, and fatigue after falling off a horse for the third
time 2 months ago, reporting he briefly experienced
feeling “dazed and confused.”

The vast majority of TBIs are classified as mild according to
he Glasgow Coma Scale (GCS) (initial score of 13–15). The
merican Congress of Rehabilitation Medicine defined mild
BI as a traumatically induced alteration in brain function
anifested by either loss of consciousness, amnesia for events

mmediately before or after the event, an alteration in mental
tate such as feeling dazed or confused, or focal neurologic
mpairment. It further stipulated that the GCS score measured
0 minutes after trauma be at or above 13, that loss of con-
ciousness not exceed 30 minutes, and that posttraumatic am-
esia not exceed 24 hours.22 The U.S. Centers for Disease
ontrol and Prevention recently suggested a very similar con-
eptual definition of mild TBI, but they also included signs of
eurologic or neuropsychologic dysfunction that are identified
oon after an injury. These signs include seizures, headaches,
izziness, irritability, fatigue, and impaired cognitive skills but
xclude penetrating injuries.23

Most people with mild TBI, often referred to as concussion,
ecover well, although a significant minority develops postcon-
ussion syndrome (PCS), manifested by a constellation of
hysical, cognitive, and emotional problems, including head-
ches, dizziness, fatigue, visual disturbances, light and noise
ensitivity, cognitive impairments, depression, anxiety, and
rritability. These symptoms are also observed in several non-
BI populations, making it a controversial disorder that many
onsider to be the result of a combination of both premorbid
nd injury-related neuropathologic and psychologic factors.24

ts prevalence is unknown, although impaired performance on
ognitive testing shortly after injury identifies people at in-
reased risk.25 Diagnosis of PCS is often hampered by failure
o recognize these symptoms as resulting from mild TBI,
ssociated with the fact that standard neuroimaging studies are
ypically unremarkable. Newer neuroimaging techniques and
erologic tests that better detect evidence of brain injury may
ffer greater diagnostic sensitivity in the future. Treatment
trategies for PCS combine analgesics for pain complaints,
ntidepressants for mood disturbances, and psychologic inter-
entions that include education, reassurance, and cognitive
emediation.24 Sertraline has been shown to decrease both mild
BI-related depression and irritability related to mild TBI.26

ther evidence27 suggests that the provision of both education
nd coping strategies early postinjury reduces the incidence of
ersistent PCS.
Mild TBI is among the most common sport-related injuries,

ith football causing the largest number of concussions be-

ause of the large volume of participants.28 One of the greatest

Arch Phys Med Rehabil Vol 89, Suppl 1, March 2008
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hallenges for sports physicians is determining when a con-
ussed athlete may safely return to play. Data from the Na-
ional Football League29 suggest that highly trained profes-
ional athletes who sustain a concussion quickly recover both
ognitive and physical skills and generally return to play
hortly after injury; however, player participation was volun-
ary, which may have skewed results. Younger amateur athletes
how greater individual variability in recovery time30 with
ome experiencing a decline in cognitive skills during the first
ew days after the injury.31-33 Although the vast majority of
ounger athletes recover well over time, the potential for both
nitial cognitive decline and variable recovery rates suggests
hat early sideline evaluations provide insufficient information
o team physicians when deciding when to return athletes to
lay32 and that each athlete must be assessed individually over
ime. Other evidence34 suggests that younger athletes partici-
ating in contact sports may sustain seemingly clinically insig-
ificant multiple mild injuries that, cumulatively, cause subtle
ognitive impairments, which is consistent with reports of
mpaired cognitive performance in boxers who sustain multiple
lows to the head. Several guidelines32 have been developed to
ssist physicians in their determination of when to permit
oncussed athletes to return to play, although they are based
rimarily on expert opinion rather than empirical evidence.
owever, readiness to return to play based on objective cog-
itive performance assessed by computer-based serial testing
known as ImPACT) permits comparison of pre- and postinjury
ognitive skills; these comparisons help determine when an
thlete may safely return to play.30

.4 Clinical Activity: To manage a 12-year-old child who
sustained a moderately severe TBI at age 4 with an
apparently successful recovery and who is having re-
cent academic difficulties.

The estimated annual incidence of pediatric TBI is 180 per
00,000 in children under the age of 15. Guidelines for the
arly management of TBI in children now exist, as they do in
dults. Although some overlap exists between pediatric and
dult guidelines, such as in the use of intracranial pressure
onitoring, some differences also exist, such as the use of

ypothermia in children to reduce secondary injury.35 Outcome
ata in pediatrics have led to the generalization that younger
hildren have worse outcomes than older children. This is
robably related to long-term cognitive and behavioral deficits
eported in other research.36

During the first year after a moderate to severe TBI, a third
f children had unmet or unrecognized health care needs. The
argest area of need was cognitive service, with the most
requent reason being that it was not recommended by either
he physician or the school. A lack of insurance funding and
oor family functioning were also contributing factors.37

A correlation existed between the severity of injury and
erformance in neurobehavioral functioning in the areas of
ntelligence, academic performance, memory, problem solving,
nd motor performance 1 year after injury. Even though the
hildren who had TBI scored within the normative range, they
ere substantially below their matched peers.38 These findings
ersisted at 3 years after injury. Deficits in behavior and social
kills, as rated by parents and caregivers, were also found. Also
merging were deficits in abstract and concept learning, which
ere not seen at 1 year after injury.39

To understand how a static injury to the brain at a particular
ge can manifest itself with greater symptoms or neurocogni-
ive deficits as one gets older requires study of developmental

rajectories. Each person develops cognitive and social skills m

rch Phys Med Rehabil Vol 89, Suppl 1, March 2008
empered by his/her previous abilities. The disruption of exec-
tive function by damage to the frontal lobes can negatively
ffect normal cognitive, behavioral, and social development.
eficits, which appear to emerge later, often reflect the inter-

ction between early neurologic weaknesses and failure to
evelop age-appropriate competencies.40 Studies clearly iden-
ify the need for increased educational support, including spe-
ial education placement and classroom modifications, for
ears after TBI. Parents should be counseled regarding later
mergence of cognitive and behavioral symptoms.

Specific deficits in executive functions have been widely
tudied after pediatric TBI. During prospective observation,
hose children with severe injuries show the most significant
mpairments in attention, planning, goal setting, problem solv-
ng, cognitive flexibility, and abstract reasoning. Although they
lso showed the greatest recovery over a 2-year period, the
everely injured children still had persistent deficits in execu-
ive functions.41 Long-term attentional problems are also ob-
erved in 46% of patients with severe TBI in childhood. These
re often exacerbations of premorbid attention problems, some-
imes significant enough to warrant the diagnosis of attention-
eficit and hyperactivity disorder (ADHD). The problems can
e defined by parental report by using the Child Behavior
hecklist, ADHD rating scales, and neuropsychologic batter-

es.42

Long-term behavioral problems after pediatric TBI have also
een studied. Postinjury cognitive function was not a consistent
redictor of behavioral problems. Abnormal behaviors in aca-
emic and home settings are often measured by the Child
ehavior Checklist. Although most children with moderate to

evere TBI do not have long-term behavioral difficulties, a
mall minority may have persistent behavioral issues. It is
hought that preinjury behavioral issues and family function
ay contribute to these problems. It was hypothesized that

arly psychologic interventions with the patient and family
ay reduce this prevalence.43

Many medications are used clinically to treat cognitive def-
cits after pediatric TBI. The medications chosen have been
xtrapolated from those used in adults with TBI and in children
ith ADHD. Methylphenidate has been studied specifically in

hildren with TBI. When compared with placebo, methylpheni-
ate showed no significant difference in behavior, attention,
emory, and processing speed.44 Case reports also exist for the

se of tricyclic antidepressants, amantadine, atomoxetine, and
romocriptine. Practitioners must use neuropharmacologic
nowledge to make clinical decisions on a case by case basis.
hey also must be aware of the risk of extrapolating adult data

o children, such as the increased risk of suicide with the use of
elective serotonin reuptake inhibitors that is unique to the
dolescent population.

.5 Educational Activity: To justify to an insurance com-
pany your plan to admit to your inpatient rehabilita-
tion unit a 50-year-old male patient with a diagnosis of
glioblastoma multiforme.

Unlike the far more common acquired brain conditions of
troke and TBI, for which survival rates are high and recovery
xpected, survival for primary brain malignancies is limited.
his consideration emphasizes the importance of providing

imely and efficient rehabilitation services to this population.
he total incidence rate for primary brain malignancies has
lowly declined since 1987, and overall 5-year survival has
teadily risen in recent decades to 31% in the year 2001.45

owever, the incidence rate of glioblastoma multiforme, the

ost common and most malignant primary brain tumor phe-
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otype, is 2.8 per 100,000 person-years and appears to be
ising. One-year survival rates of 32% have not significantly
mproved since the 1980s. The median overall survival rate,
ven after surgical resection and adjuvant radiation and che-
otherapy, is 12 to 14 months. But survival appears to be

mproving after tumor recurrence, with the probability of
-year survival for those surviving 2 years after diagnosis and
reatment estimated to be over 40%.46,47

In addition to the direct effects of a mass lesion on brain
unction, the treatment for primary and secondary brain tumors
ften leads to significant activity-limiting impairment and re-
tricted social participation. As with other acquired disorders of
rain function, this impairment affects all aspects of personal
nd family life. Coordinated multidisciplinary rehabilitation
rograms are uniquely suited to address the breadth of their
eeds. Postsurgical complications, adjunctive radiation, che-
otherapy and steroid treatment, and secondary medical risks,

ncluding venous thromboembolism and seizures, require close
edical attention. Conditions such as sensorimotor and cogni-

ive impairment, communication disorders, and dysphagia re-
uire experienced therapists and neuropsychologic evaluation.
he frequent need for adaptive equipment and community
ervices requires nursing and social service coordination. In-
atient rehabilitation for patients with malignant brain tumors
as commonly focused on basic mobility, self-care skills, and
daptive equipment to allow for timely discharge, maximizing
ime at home together for the patient and family. Lengths of
tay for patients with a brain tumor have been shown to be
omparable to or shorter than for patients with stroke or TBI.48

atients with a brain tumor also make significant functional
ains during inpatient rehabilitation, similar to other acquired
rain disorders, with equal or better rates of dismissal home.
or patients receiving radiation or chemotherapy during inpa-

ient rehabilitation, timing these treatments after daily therapy
essions maximizes their ability to benefit from the therapeutic
ntensity of this setting. Both inpatient and outpatient medical
ehabilitation settings are effective in managing clinical needs
or patients with a brain tumor.49,50 Furthermore, community-
ased nursing and therapy services can provide transitional
are and promote independence after hospitalization. These
omprehensive rehabilitation services are clearly justifiable and
hould be considered the standard of care for this patient
opulation.
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