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Abstract—Traumatic brain injury (TBI) due to closed mecha-
nisms causes strain injuries to axons that increase in number
and severity as injury severity increases. Axons that project up
from the brain stem are vulnerable, even in milder concussive
injuries, and include axons that participate in key monoaminergic
pathways. Although called diffuse axonal injury, the supra-
tentorial injury component typically shows an anterior prepon-
derance in humans. As the injury forces increase, cerebral
contusions may be superimposed on the axonal strain injuries,
and these contusions show an anterior preponderance as well.
The chronic neuropsychiatric manifestations of TBI reflect this
injury distribution. In the cognitive sphere, these manifesta-
tions almost always include power function disturbances
marked by difficulties with cognitive processing speed, multi-
tasking, and cognitive endurance. These disturbances may then
be followed by disturbances in executive function and self-
awareness as injury severity increases. In the behavioral
sphere, mood disturbances and disorders of behavioral control
and regulation are particularly common.
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INTRODUCTION

Seen through the lens of the acute injury and its man-
agement, traumatic brain injury (TBI) would appear at
first glance to be far removed from the concerns of what
could properly be called neuropsychiatry. Rather, it might
seem to be more a neurosurgical disorder or perhaps par-
ticularly relevant to conventional neurology or sports

medicine. In the past 25 years, however, as acute man-
agement of both surgical and nonsurgical TBI has
improved, impaired survivors have become increasingly
common. And although these survivors face many differ-
ent clinical issues, from epilepsy to motor problems to
endocrine disorders, the TBI sequelae that affect their
lives most profoundly are the chronic cognitive and
behavioral problems that fall squarely within the domain
of neuropsychiatry, a discipline that focuses on the rela-
tionship between the brain and its role in thinking, emo-
tions, and behavior. Indeed, the paradigmatic historical
patient for many of the core issues that now define neu-
ropsychiatry was a young man from 19th century Ver-
mont who survived a severe TBI.

During the summer of 1848, a 25-year-old railroad
construction foreman named Phineas Gage was directing
a blasting operation to clear a path for laying new track
across Vermont for the Rutland & Burlington Railroad.
The operation went terribly awry, with the result that a
pointed iron rod 3ft. 7 in. in length, 1 1/4in. in diameter,
and 13 1/4 lb in weight was propelled through Gage’s
face and head by an errant explosion. The rod entered

Abbreviations: CT = computed tomography, DAI = diffuse
axonal injury, MRI = magnetic resonance imaging, TBI = trau-
matic brain injury.
Address all correspondence to Warren E. Lux, MD; U.S.
Environmental Protection Agency, 1200 Pennsylvania Ave,
NW, Mail Code 8105R, Washington, DC 20460; 202-564-
3746; fax: 202-564-2070. Email: lux.warren@epa.gov
DOI: 10.1682/JRRD.2007.01.0009
951

mailto:lux.warren@epa.gov


952

JRRD, Volume 44, Number 7, 2007
through his left cheek, continued up and through the base
of his skull, traversed the anterior portions of his brain,
and exited through the frontal bone at the top of his head.
Remarkably, Gage survived both the wound and the sub-
sequent infection with little in the way of adverse effects
on his motor function, perception (save for the loss of his
left eye), or intellect. Yet, as described in detail by Dama-
sio on the basis of firsthand reports, Gage was an entirely
different person after his physical recovery than he had
been before [1]. Whereas previously he had been temper-
ate, efficient, and capable, after the event he demon-
strated aberrant social judgment, was unable to regulate
his behavior normally, and could no longer use his vari-
ous physical and intellectual strengths appropriately or
effectively in the real world.

However, while the relevance of Gage’s disorder to
the newly emerging field of neuropsychiatry was becom-
ing evident, traumatic patients of that sort were uncom-
mon. Today, by contrast, TBI is one of the largest public
health problems for children and young adults in the
United States [2]. Consequently, no modern broad-based
review of neuropsychiatry can be complete without
addressing the problem of TBI. Yet, paradigmatic as his
case was, Gage’s injury differed from the most common
injuries of today in one important respect: it was a pene-
trating injury. In penetrating injuries, of course, the
region of the brain penetrated puts its particular stamp on
the nature of the chronic cognitive and behavioral
sequelae that develop. Today’s injuries, by contrast, are
predominantly closed. Gage just happened to injure an
area of the brain that is particularly vulnerable to the
effects of closed injury and so his is a dramatic, if fortu-
itous, exemplary case. But other vulnerabilities exist in
closed injuries that need to be accounted for in expanding
our understanding of TBI beyond that provided by
Gage’s injury, instructive as his case has been. A major
purpose of this article is the dissection of those vulnera-
bilities and the placement of them in the context of the
neuropsychiatric insights derived from Phineas Gage’s case.

For several reasons then, I will focus on closed inju-
ries in this article. First, they represent a major public
health problem, as has already been pointed out, and
understanding them provides clinicians with an important
tool in addressing their neurocognitive and neurobehav-
ioral consequences. More than that, however, I believe
that knowledge of these injuries, their anatomic distribu-
tion, their probable neurochemical consequences, and the
relationship of their neurobiology to the neuropsychiatric

syndromes that develop provide a window into the brain
that is compellingly illuminating, if still incomplete.

PATHOPHYSIOLOGY OF TRAUMATIC BRAIN 
INJURY

When the head is accelerated and decelerated
abruptly in space, particularly when accompanied by a
torsional head movement, strain forces are applied to
nerve fibers (axons) throughout the brain [3–4]. The
resulting axonal strain injuries, collectively referred to as
diffuse axonal injury (DAI), represent the primary funda-
mental neuropathological change seen in TBI due to
closed mechanisms regardless of injury severity, although
the amount of DAI increases as injury severity increases
[5]. Strictly speaking, if the head moves abruptly enough,
as in whiplash injuries, it need not strike or be struck by
another object for acceleration-deceleration phenomena
sufficient to cause an axonal strain injury within the brain
to occur [3], and clinicians who work with TBI are famil-
iar with cases, usually mild, in which no head impact is
involved. However, blunt-force trauma produces a partic-
ularly abrupt acceleration-deceleration and is, therefore,
commonly a factor in these injuries. The most severe
injuries tend to be caused by high-speed head impacts
against immovable objects as in falls from height and
motor vehicle accidents, in which victims either strike the
windshield or are ejected from the vehicle [5].

Once an axonal strain injury occurs, by whatever
mechanism, a number of consequences may ensue. First,
axons may be torn apart completely, a phenomenon
known as axotomy. These irreversible axonal shearing
injuries may include gross ones that are immediately vis-
ible on neuroimaging studies. Delayed axotomy second-
ary to evolving pathological processes set off by the
initial injury has also been well-demonstrated experimen-
tally [6]. In addition, however, axons may clearly be
damaged at a level that does not cause axotomy, although
the axonal injury may cause alteration of electrophysio-
logical function [4]. That such damage may be reversible
is consistent with clinical observations of improvement
after TBI and complete symptomatic recovery in many
cases of mild TBI. Moreover, other aspects of neuronal
physiology may be altered as well, theoretically either
reversibly or irreversibly. Levels of chemical neurotrans-
mitters contained in axons, for example, might be vulner-
able to such alteration. One such class of agents is the
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monoaminergic neurotransmitters, and several studies
suggest that they are indeed affected, both acutely and
chronically [7–11]. Although the nature and distribution
of the monoaminergic dysfunction following TBI
remains to be more fully characterized, a number of clin-
ical syndromes in which these chemical neurotransmit-
ters have been implicated are common after TBI and will
be discussed here.

Despite the fact that the axonal injuries described
here are called diffuse, it may be something of a misno-
mer, because clearly, although they are multifocal and
widespread, they are not uniformly distributed through-
out the brain [4]. The clinical and experimental evidence
cited by Ommaya and Gennarelli to support their centripe-
tal theory suggests that the strain injury is maximal at the
surfaces of the brain and extends inward to affect the
diencephalic-mesencephalic core only as the injury
becomes more severe [3]. However, as Gennarelli him-
self points out, this theory is only a first approximation;
the exact distribution will be modified by the particulars
of the individual traumatic event [4]. Moreover, the upper
brain stem may be subjected to strains greater than would
otherwise be expected because of the particular anatomy
of that region, which is characterized by the relatively
small attachment of the mesencephalon to the large
masses of the cerebral hemispheres [4].

Superimposed on this modified centripetal distribution,
at least in humans, appears to be an anterior-posterior or
rostral-caudal gradient. Although little is written about
this gradient in experimental animal models, clinical evi-
dence in humans suggests that it is an important phenom-
enon. Aside from the neurobehavioral and neurocognitive
correlates to be discussed here, the evidence from the
neuroimaging literature strongly supports the existence
of such a gradient, with frontal and anterior temporal
lesions being significantly more frequent than lesions
more posterior in the cerebral hemispheres [12–14].
Given the anatomy of the human brain and the mem-
branes that invest it, perhaps this distribution is not sur-
prising. Factors that could contribute to an anterior
susceptibility to strain forces in humans include the rela-
tively large mass of the human frontal lobes and the fact
that the anterior human brain is less constrained in its
movement inside the skull than is the posterior brain,
which is embraced by the falx and the tentorium.

Although axonal strain may be the primary mecha-
nism of neural injury in closed TBI, it is not the only one.
As the injuries become more severe, cerebral contusions

are increasingly seen, again with an anterior preponder-
ance. The undersurfaces of the frontal lobes may also be
abraded as they slide over the rough orbital surface of the
frontal fossa. In addition, very diffuse secondary injuries
can evolve and make their effects felt throughout the
brain, including at sites far removed from the primary
injury [15]. Nonetheless, in most patients, the broad pat-
tern determined by the primary axonal strain injury and
its neurochemical consequences will continue to be clini-
cally apparent, sometimes reinforced by the orbital fron-
tal abrasions and the anterior preponderance of the
contusions that begin to accrue in the more severely
injured patients. The neuropsychiatric syndromes that
ensue, therefore, will be a consequence of this neurobiol-
ogy and can be understood on that basis.

In summary then, persons who have sustained a
closed TBI, whether mild, moderate, or severe, all sustain
damage to axons and so end up with fewer axonal con-
nections throughout their brains and/or less efficient elec-
trophysiological function of at least some of the axonal
connections that are present. Monoaminergic function is
also likely impaired as a result of this injury in at least
some patients. Both reversible and irreversible changes
can occur, and when the injury is mild, complete symp-
tomatic recovery is common. Even then, however, less
reserve capacity appears to remain; the risk of persistent
symptoms rises with repeat injuries. When the injury is
moderate or severe, on the other hand, complete recovery
is less common and at least some of the consequences of
this axonal and/or neurochemical insufficiency are likely
to be persistent. Nonetheless, when patients are symp-
tomatic at all, we can predict a core set of impairments
that patients with TBI will have in common, regardless of
injury severity, and these impairments can be ascribed to
the effects of sustaining any axonal strain sufficient to
exceed the threshold for symptoms. Thereafter, as injury
severity increases, we can also predict that the additional
impairments that begin to accrue will arise from the
greater degree of axonal damage and also from the ana-
tomic distribution of both the axonal lesions and the other
lesions, particularly the cerebral contusions and abrasions
that mark greater injury severity. That distribution, as has
been previously noted, shows an anterior-posterior gradi-
ent, so we should expect the neurocognitive and neurobe-
havioral consequences to reflect that. And finally, I
should also note here that the old adage that “no two
brain injuries are the same” is generally true, all the fore-
going discussion notwithstanding. These are complex
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injuries, the exact patterns of which depend upon the
particulars of both the injury and the person injured. The
resultant heterogeneity, however, does not mean that
underlying patterns and commonalities do not exist. The
neuropathology presented here suggests that they do, and
the relationship of that neuropathology to some of the
classical neurocognitive and neurobehavioral syndromes
commonly found after TBI is discussed in the following
sections.

IMPAIRMENT OF MENTAL POWER FUNCTION

The most fundamental cognitive disturbance seen
after TBI is impairment in what has been called power
function, a term that refers to the basic capacity of the
brain to engage efficiently in any cognitive task, regard-
less of what that task may be. The overall loss of mental
“power” after TBI can be seen as a direct consequence of
the widespread reduction in axonal performance resulting
from DAI, even in its mildest form. The two critical com-
ponents of power function are arousal and channel capac-
ity; in the first instance, alteration in arousal at onset is
characteristic of all but the mildest of TBIs. Once arousal
recovers, however, the channel capacity disturbance
makes itself clinically apparent. In a general sense, the
term channel capacity refers to the number of channels
available for processing information together with the
amount of information that each channel can process. A
computer or telephone network, for example, can have a
high or a low channel capacity depending upon the num-
ber of connections in the network and the bandwidth
characteristics of the materials from which the connec-
tions are made. The channel capacity disturbance that
occurs in humans after TBI, then, has three particular
characteristics that one might expect from such an anal-
ogy: slowed processing speed, difficulty with multitask-
ing, and reduced cognitive endurance. This slowed
cognitive processing speed is so characteristic of TBI that
it can even be demonstrated in patients with extremely
mild injuries who are asymptomatic [16]. Persons who
are symptomatic, however, almost always have other
symptoms related to the multitasking problem or the
reduced cognitive endurance or both. In the cognitive
domain, the difficulty with multitasking translates itself
primarily into a difficulty in performing any cognitive
task efficiently in a distracting environment. The initial
treatment, then, is straightforward—limit stimulation and

environmental distractions—and is part of the core man-
agement of most persons who have symptoms following
TBI, from those who are mildly concussed to those with
severe injuries and profound cognitive impairments. The
multitasking problem, of course, has the potential to
affect any cognitive function, and the complaint from the
patient may reflect that. He or she may say, for example,
“I can’t concentrate” or “I’m having problems with my
memory,” yet show good (or at least better) memory and/
or attention in a stimulus-controlled environment. He or
she simply cannot use his or her memory and attention
systems effectively when subject to a multitasking
requirement, even if no primary impairment is present in
any of the specific components of either system. Of
course, TBI often does affect primary components of
attention and memory systems directly, particularly in the
more severe injuries in which a greater burden of struc-
tural frontal and temporal damage exists. However, we
must realize the primacy of the contribution of the distur-
bance in power function to many of the cognitive com-
plaints that come from TBI survivors. A common feature
of TBI that will become an increasing theme as we exam-
ine other deficits, particularly in the realm of executive
function, is that TBI often affects the ability to use a
function in the real world as much as or more than it
affects the primary function itself. As a consequence,
persons who have sustained a significant TBI can look
strikingly normal in a quiet, structured clinic or even a
neuropsychology laboratory, yet break down cognitively
or behaviorally once they have to interact with the uncer-
tainties and distractions of the real world.

The foregoing discussion of the effect of a multitask-
ing deficit in the cognitive domain, however, is only one
part of the story. We are also likely to see an effect, per-
haps a significant one, in the behavioral domain. One of
the behavioral consequences of being cognitively over-
whelmed, even in nondisabled subjects, is irritability, and
irritability is one of the common behavioral sequelae of
TBI, whether mild, moderate, or severe. Again, I am not
arguing here that all irritability after TBI arises from this
mechanism. Certainly, other factors that will be discussed
subsequently could cause irritability, including mood
change and disorders of frontal regulation of behavioral
output. However, I do believe that cognitive overload is a
component in many patients, with support from the basic
and widespread clinical observation that the same kind of
stimulus-controlled environment that enhances cognition
also tends to improve behavior.
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For the most part, the consequences of the impair-
ments in cognitive endurance following TBI speak for
themselves. Patients with symptomatic TBI are often
simply unable to sustain a cognitive effort for as long as
they could before their injury. The basic treatment is
equally straightforward: introduce rest breaks. Potential
pharmacological treatments have also been proposed for
both this endurance problem and for the deficit in multi-
tasking. These treatments generally revolve around psy-
chostimulants or other drugs that enhance monoaminergic
function, but no evidence-based consensus on drug treat-
ment of this problem has yet been developed. One phe-
nomenon that may be related to the observed reduction in
cognitive endurance in many patients with TBI is the fre-
quent complaint that life in general and cognitive tasks in
particular require more effort. Recent functional mag-
netic resonance imaging (MRI) studies in patients with
mild TBI may bear on this. In a study by McAllister et
al., in particular, the experimental (mild TBI) group was
able to perform as well on the cognitive task as the con-
trol (nondisabled) group but activated more cortex in
doing so [17].

IMPAIRMENT OF EXECUTIVE FUNCTION

Mental power function is impaired in virtually all
persons with TBI, regardless of injury severity, and that
impairment may be the sole deficit in some cases of mild
TBI. Once the injury becomes moderate or severe, how-
ever, and a greater burden of frontal injury is present, def-
icits in executive function begin to accrue with increasing
frequency. The key components of executive function
include anticipation, goal selection, planning, initiation,
sequencing, monitoring (error detection), and self-correction
(initiation of novel responses) [18]. The property that ties
these components together is that they are all necessary
for carrying out goal-directed activities successfully in
unstructured real-world settings. Here, the anterior-
posterior or rostral-caudal gradient of structural brain
lesions in TBI becomes particularly relevant, as the criti-
cal neural substrate of these functions is the anterior fore-
brain. The dysexecutive syndromes that appear as the
burden of frontal lesions increases, moreover, are as
widely varied as the components of executive function
itself. Some patients, for example, have great difficulty
initiating any self-directed behaviors at all but are able to
carry out most behaviors successfully once cued to initiate

them. Others initiate easily and appear highly self-
directed but guide and regulate themselves poorly during
the execution of behaviors for a variety of reasons,
including impaired sequencing, poor error detection, cog-
nitive inflexibility with failure to self-correct, and so
forth. I should also note that these executive failures can,
and often do, occur in TBI survivors whose basic intel-
lectual functions are otherwise well-preserved because of
relative sparing of posterior brain structures in the face of
the previously mentioned anterior-posterior or rostral-
caudal gradient. Thus, these patients can look much better
in the structured clinic setting than they do when actually
trying to guide themselves prospectively in the less struc-
tured and less predictable real world. The structure and
expectations attendant upon being in the clinic, or in the
neuropsychology laboratory, compensate at least in part
for the executive deficits and thus enhance observed
function. But once the patient returns to the real world,
functions that were successfully executed in the struc-
tured setting begin to break down again. Memories, for
example, that can be produced in a test setting where the
patient knows what it is that he or she has to remember
(and knows as well that he or she is supposed to be
remembering them) can be difficult or impossible to
retrieve in the real-world setting, where the executive
task is to sort through one’s memory bank de novo,
inhibit nonrelevant memories, and retrieve only memo-
ries that are specifically related to the task at hand. One
of my patients, who had one of these classic dysexecutive
syndromes combined with the unusual feature of strik-
ingly well-preserved insight, once put it thus: “You know,
Dr. Lux,” he said, “I’m just as smart as I always was. It’s
just that I can’t use my smartness anymore.”

BEHAVIORAL DYSCONTROL

If one considers the dysexecutive syndromes described
previously as instances of lost or diminished cognitive
regulation, an analogous problem can be identified in the
behavioral sphere that is characterized by impaired social
judgment and difficulty regulating emotional function as
it contributes to and integrates with behavioral output. I do
not wish to make too stark a contrast here, however, and I
readily acknowledge that we are dealing with overlapping
phenomena. Anticipation and goal selection, for example,
are not purely “cognitive” functions and also require
integration of emotional factors and social judgment. Yet
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some neuroanatomic differences exist that are worth not-
ing. While lesions of the dorsolateral prefrontal convex-
ity tend to be associated with the more purely cognitive
executive disorders, disorders with a component of
behavioral dyscontrol are correlated with ventromedial
and orbital frontal lesions [19]. Phineas Gage, mentioned
earlier in this article, had such a behavioral syndrome.
And careful computer-aided mapping of his wound sug-
gested significant damage to ventromedial frontal struc-
tures [20]. Patients with these lesions and syndromes can
have long histories of recurrent chronic agitation and be
quite difficult to manage. Their histories can include vio-
lence and aggression [19], and persons with such abnor-
malities may be disproportionately represented among
violent criminals [21]. No widely agreed-upon pharma-
cological approach exists for managing behavioral abnor-
malities of this sort, and many different classes of
psychoactive agents including antidepressants, antianxi-
ety agents, antipsychotics, some anticonvulsants, and
some antihypertensives, and others have been tried in
clinical practice with varying degrees of success.

Yet all behavioral dyscontrol after TBI does not
occur through this mechanism, and other behavioral dys-
control syndromes must be carefully distinguished from
those due to stable ventromedial frontal lesions for them
to be managed appropriately. One such syndrome is the
posttraumatic delirium that is seen during the early
period of recovery, just after emergence from coma. One
of the clinical hallmarks of this state is an extremely high
degree of inattention, and the agitation that occurs is
marked by this inattention and by the lability and disor-
ganization that accompany it. Drugs that enhance seroto-
nin and/or other monoamines and thereby improve
attention are the rational choice in this state, in which
central monoaminergic function is probably impaired.
The use of some classes of antipsychotics and/or benzo-
diazepine antianxiety agents for this kind of agitation,
unfortunately still widespread in some general medical
settings, is rarely justified and may sometimes actually
make the agitation paradoxically worse, presumably by
adversely affecting the underlying inattention. This post-
traumatic state is a transient, self-limited state that
responds to stimulus control and the passage of time,
although the agitation may merge clinically into agitation
produced by one or more of the other mechanisms dis-
cussed here that are more chronic in nature. Thus, ongo-
ing clinical vigilance and judgment are necessary to
elucidate the likely mechanism of any agitation that is

observed clinically so that management can be adjusted
accordingly.

One important additional chronic behavioral condi-
tion that can develop after TBI, particularly in persons
with known temporal lobe lesions, is the syndrome of epi-
sodic dyscontrol or intermittent explosive disorder.
Patients with this syndrome are prone to rage attacks, i.e.,
brief outbursts of extreme anger, associated with agitated,
aggressive, and/or violent behavior. The outbursts have a
paroxysmal quality and may occur with little or no provo-
cation. Epilepsy is a common comorbidity in these
patients, although the rage attacks themselves are not felt
to be epileptic. The condition has been reported to
respond to the psychotropic anticonvulsants carbam-
azepine [22–23] and valproic acid [23].

DISORDERS OF SELF-AWARENESS AND SELF-
ASSESSMENT

One of the most frustrating sequelae of moderate and
severe TBI for caregivers, therapists, and families alike is
the lack of insight that many patients exhibit into their
deficits. This lack is usually not a problem after mild
TBI; indeed, patients with mild TBI more often exhibit a
hyperacute awareness of their problems. Rather, in most
patients this lack of self-awareness appears to require a
burden of frontal involvement not seen until the injury
becomes moderate or severe. Once that threshold is sur-
passed, however, the subsequent loss of self-awareness
and the associated inability of patients to assess their own
capacities accurately complicates management enor-
mously because it prevents the affected persons from
adopting and using the very strategies that would com-
pensate for their impaired functions, even when they pos-
sess all the other physical and mental tools to use these
strategies well. Thus, this problem can be even more dis-
abling for the patients than it is frustrating for their care-
givers. It also highlights the “real world” nature of so
many of the problems that persons with TBI experience.
In a structured setting, cognitive prostheses can be intro-
duced and maintained by others and the patient can
thereby be protected from many of the consequences of
lack of insight. But without close supervision, no such
protection is available when an impaired person has to
deal with novel, unexpected contingencies in the real
world. One example of a simple cognitive prosthesis that
might be introduced in a structured setting is a written
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and carefully sequenced “to do” list. When novel and
unstructured real-world situations arise, however, either
the list will not apply and the patient will be without a
needed prosthesis or the list will apply but the patient will
not have the insight to recognize that fact and use the list
appropriately.

The nature of impaired self-awareness after TBI,
moreover, is particularly interesting from a neuropsychi-
atric perspective. Not all neurologically based unaware-
ness is frontal in origin; awareness of deficit can also be
impaired by parietal, particularly right parietal, disease. In
the parietal cases, patients appear unable to perceive their
deficits. Because of the anterior-posterior, rostral-caudal
gradient, however, unawareness syndromes are much
more common in TBI on a frontal basis in the face of
good preservation of parietal function. In these cases, the
problem is generally not one of inability to perceive a
deficit. Rather, the problem appears to be more a loss of
the capacity to incorporate the knowledge of the deficit
into one’s global sense of oneself as an agent of action.
Persons with this syndrome, therefore, can acknowledge
a deficit that is demonstrated to them in a particular con-
crete situation. However, their subsequent behavior, ver-
bal and otherwise, will not reflect an awareness of the
deficit in any meaningful way, and they will say and do
things as if they did not in fact have the deficit that they
were earlier able to acknowledge [24]. In other words,
the primary disturbance here is with one’s ability to use
available data about oneself to build an adequately accu-
rate sense of who one is as a person not with the data
themselves or the ability to acquire them in the first
place.

MOOD DISTURBANCES

Alterations of mood are common after TBI [25].
They may be seen after injuries of any severity, and a full
range of mood disturbances has been reported. The fact
that ascending monoaminergic pathways are implicated
in the basic neuropathology of TBI is probably critical to
the high frequency of associated mood disorders, since
these same neurotransmitters have been implicated in
mood disorders associated with primary psychiatric dis-
eases. Situational factors appear to play a role as well,
however, and impaired social support is a commonly
demonstrated risk factor for the development of mood
disorder following TBI [25].

In clinical practice, unipolar depression is the most
common mood disturbance encountered in survivors of
TBI. The incidence of major depression varies consider-
ably across studies, but the majority of studies suggest an
overall incidence of somewhere between 25 and 50 per-
cent [25–26]. All the various treatment options used for
depression in primary psychiatric practice have also been
suggested for use in depression following TBI, including
serotonin reuptake inhibitors, mood-stabilizing anticon-
vulsants, psychostimulants, and electroconvulsive therapy
[25]. The classical tricyclic antidepressants, however,
probably have a lesser role here because of both the
higher incidence of anticholinergic side-effects that can
adversely affect cognition in persons who are already cog-
nitively impaired and the suggestion, in at least some
studies, of a relative treatment resistance to these agents
[27–28]. Supportive psychotherapy, in addition to medi-
cation, can be used in patients whose cognitive status does
not preclude it, including virtually all mildly injured
patients, many moderately injured patients, and even
some severely injured patients.

In addition to depression, both unipolar mania [29]
and classical bipolar disorder [30] have been observed
after TBI. The literature on these conditions is primarily
in the form of case reports, and no large series, compre-
hensive incidence, or prevalence studies exist. Although
these disorders undoubtedly occur, they appear to be
uncommon and certainly do not present an overall clini-
cal problem of the same degree of magnitude as that pre-
sented by post-TBI depression.

PSYCHOSIS AND OTHER PSYCHIATRIC
SYNDROMES

Transient psychotic features can certainly appear
early in recovery from coma during the posttraumatic
delirium described earlier in the section on behavioral
dyscontrol. This state, however, is dominated by confu-
sion, gross inattention, and extreme cerebral disorganiza-
tion and the psychotic fragments are incorporated into
this context. Far more clinically problematic, however, is
the more persistent, late-onset psychosis with delusions,
hallucinations, and other psychotic symptoms that may
occur in a delayed fashion following TBI [31]. Gualtieri
regards the effect of this psychosis on the human person-
ality as the most severe and devastating outcome of TBI
[32]. Neither the incidence nor prevalence of delayed or
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late-onset psychosis following TBI is known. In my
experience, it is uncommon. Gualtieri, on the other hand,
believes that it could have a prevalence rate as high as
that of posttraumatic epilepsy [32].

A number of other psychiatric syndromes following
TBI have been reported, particularly ones in which fron-
tal and temporal structures and monoaminergic function
have been implicated. Obsessive-compulsive disorder
has been particularly well characterized [33–34]. Panic
disorder following TBI has also been described [35].

ASSESSMENT AND TREATMENT
CONSIDERATIONS

History is particularly important in the clinical
assessment of persons with TBI. First, patients with TBI
will necessarily display their cognition and behavior as
they relate their history, and the way in which they do so
may be as instructive as the results of more formal
assessments, as important as the latter are. Moreover, his-
tory gives one a handle on function in the real world,
something that is crucial in patients with TBI because of
the frequent dissociation between function in structured,
stimulus-controlled settings and function in dynamic,
novel, demanding situations. Because of the possibility
of lack of insight and impaired self-assessment, however,
history from persons other than the patient is necessary in
many cases. In a related way, observation of patients in
real-world settings by therapists or others can also be an
important component of any complete assessment of a
patient with TBI.

The foregoing principles notwithstanding, formal
evaluation of patients with TBI in the clinic setting is
essential and should include a complete neurological and
mental status examination. A comprehensive neuropsy-
chological assessment is also an important component of
the evaluation of any patient with TBI who is persistently
symptomatic, and neuropsychological testing gives a
level of detail in a standardized, validated way that is
impossible to obtain through any other means. More
recently, computer-aided repeated measures cognitive test
batteries have been developed that appear to be quite sen-
sitive to the effects of even mild TBI [36]. Lack of speci-
ficity and variation among and within subjects, however,
are problems that remain to be resolved, so any use of
these instruments needs to be thoughtfully incorporated
into a careful, multilevel, overall clinical assessment.

If a patient with TBI requires a neuroimaging study
because of injury severity, examination findings, progres-
sion or persistence of symptoms, or other cause, MRI is
significantly more sensitive than computed tomography
(CT) in demonstrating traumatic lesions [12–14]. In cases
where an acute surgical lesion is suspected, the speed and
ease of use of CT and its adequate sensitivity for such
lesions make it the primary imaging modality. CT is also
used as the primary study in patients who are precluded
from being exposed to an MRI for one of several clinical
reasons. However, when it can be used safely, MRI pro-
vides superior information about the nature, extent, and
distribution of traumatic lesions.

Treatment options for the neurocognitive and neurobe-
havioral sequelae of TBI are varied. Rehabilitation inter-
ventions play a role, particularly in the more severely
injured individuals [37–40], but much work needs to be
performed to further define that role. In more mildly
injured patients, a simple educational intervention signifi-
cantly enhances symptomatic recovery [41].

For many of the conditions discussed in this article,
the inclusion of medications in the treatment regimen has
been proposed with varying levels of evidence and justi-
fication. A complete review of cognitive and behavioral
pharmacology following TBI is beyond the scope of this
article, and the reader is referred to one of the several
reviews that currently exist [42–45]. Clearly, however,
the various neurotransmitter alterations that can be pro-
duced by TBI offer opportunities for targeted pharmaco-
logical interventions that might benefit at least some
components of the cognitive and behavioral syndromes
that develop.

And finally, we must remember that TBI needs to be
understood as a condition that affects not just an individ-
ual but also the individual’s interaction with all other per-
sons and things in his or her environment. Thus, treatment
should reflect the environment as well. Alteration of the
environment to make it more structured and stimulus-
controlled, for example, may be as important as alteration
of anything within the patient. And education, counseling,
and other treatment interventions for those who are
closely involved with the patient in his or her day-to-day
life may be critical to a successful therapeutic outcome.

DISCUSSION AND CONCLUSIONS

TBI is the most common cause of death and disabil-
ity in children and young adults in the United States [2].
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A normally functioning brain is critical to many human
functions but is particularly relevant to human thought,
awareness, emotion, and behavior. Injuries to the brain,
therefore, often disrupt these functions and commonly
result in deficits that fall within the domain of neuropsy-
chiatry. As a consequence, understanding TBI and the
interventions that mitigate the resulting deficits requires
approaching TBI from a neuropsychiatric perspective.
This review attempts to link the known neuropathologi-
cal features of TBI with the neuropsychiatric conse-
quences and, in turn, with the therapeutic interventions
that logically follow. When treating clinicians, family
and friends, and sometimes the patients themselves make
these links, they acquire a deeper understanding of TBI
and so are able to manage the resulting neuropsychiatric
deficits more effectively. Yet the benefits of this approach
go even further and transcend the clinical domain, as the
links that are made also provide valuable insights, how-
ever rudimentary, into how the brain functions as the
organ of the mind.
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