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induced PTSD. As of June 25, 2007, over 26,000 U.S. service members have been wounded in action in OIF
(www.defenselink.mil/news/casualty.pdf). Slightly more
than half of combat injuries incurred early in OIF was from
explosive blasts [2]. In addition to blasts, service members
are at risk for head and bodily injuries due to projectiles
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INTRODUCTION
The role of subtle persistent brain injury in the development and course of acute stress disorder (ASD) and posttraumatic stress disorder (PTSD) has been controversial,
although many clinicians and medical authorities, as well as
the public and media, assume that a relationship exists [1].
The military conflicts Operation Enduring Freedom (OEF)
and Operation Iraqi Freedom (OIF) have brought to the
forefront the issue of the relationship of concussion and
blunt head trauma to combat stress reactions and combat895
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(bullets, fragments), transportation accidents, and other
environmental and combat hazards. Between January 2003
and February 2007, 29 percent of the patients evacuated
from the combat theater to Walter Reed Army Medical
Center in Washington, DC, had evidence of a traumatic
brain injury (TBI).*
To estimate the frequency of concussion among combat troops who do not require medical treatment and evacuation is difficult. Many may be only briefly stunned or
knocked unconscious by a blast or blow. However, even
mild concussion, if recurrent, can cumulatively affect brain
functions. Questions assessing TBI among all homecoming
service members have been proposed to be included on the
Post Deployment Health Assessment (a Department of
Defense [DOD] form DD2796 to be completed when a
service member returns from duty). Improved data collection at unit level and higher echelons of field medical care
is currently being implemented.
In combat, experiences of fear, horror, and helplessness are ubiquitous. Does the occurrence of concussion
increase the severity or likeliness of PTSD? Program evaluation data from U.S. marines surveyed following OIF
indicate that combat troops reporting exposure to blasts
had significantly higher levels of PTSD. In studies on the
relationship between PTSD and injury of Vietnam veterans, findings showed two- to threefold higher rates of
PTSD among this population than those who returned
unharmed [3–4]. Furthermore, recent studies show that
physical injury due to combat is a major risk factor for
PTSD [5]. Thus PTSD is more likely among combat veterans who are injured. A review of the literature shows an
increased rate of PTSD after TBI, with data from six studies yielding an estimated relative risk of 1.8 of those who
developed PTSD over a maximum period of 7.5 years [6].
In this article, we review the current literature on
PTSD and PTSD-like symptoms among individuals with
mild TBI or concussion. We discuss four major areas. In
the first area, we present general incidence studies of
PTSD and effects of mild TBI on rates of PTSD symptoms,
followed by a review of the literature on predictive factors
and course of development of PTSD after TBI. We also
present symptoms and symptom overlap between TBI and
PTSD. Second, we review the neurobiology of PTSD and
TBI. In the third area, we discuss the common psychiatric
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comorbidities associated with PTSD. In the fourth and
final area, we focus on the general treatment and outcome
of PTSD in the context of TBI.

CLINICAL ASPECTS
Traumatic Brain Injury
Mechanisms and Criteria
TBI may arise from physical damage by external
blunt or penetrating trauma to the head, skull, dura, or
brain or from acceleration-deceleration movement such
as whiplash or coup-contrecoup, resulting in tearing or
shearing of nerve fibers and bruising or contusion of the
brain against opposite sides of the skull. Scraping of the
brain across the rough bony base of the skull can cause
contusion and can also affect the olfactory, oculomotor,
optic, and acoustic nerves, leading to anosmia (total loss
of the sense of smell, reduction of taste), double and/or
blurred vision, and dizziness and/or vertigo. These symptoms usually remit after days and weeks as the damaged
axons in those nerves recover or grow back to reinnervate
the sensory receptors or muscles.
With regard to blast-related concussions, the consequences of primary blast on the brain are controversial
[7]. However, the mechanism and sequelae of brain overpressurization from blast are similar to those in the fluid
percussion animal model of mild TBI [8]. Exposure to
blast overpressurization induces ultrastructural and biochemical alterations and associated cognitive deficits in
rats [9]. Other effects of blast on the brain are the same as
those involved in brain injuries incurred in other contexts. These blast effects include being struck in the head
by debris and shrapnel (secondary effect) and being
struck in the head when thrown into a stationary object
(tertiary effect) [10]. Quaternary effects unique to blast
explosion include burns and injury due to inhalation of
toxic fumes, smoke, and/or dust [11].
TBI can be categorized by severity in three levels:
mild, moderate, and severe. Various clinical criteria have
been used to define mild TBI, with no definite consensus
[12]. However, a generally accepted definition proposed
by the American Congress of Rehabilitation Medicine
includes (1) associated diminished or altered state of or
loss of consciousness (LOC), i.e., interruption of awareness of oneself and surroundings for less than 30 minutes;
(2) posttraumatic amnesia (PTA), i.e., memory disruption
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following injury (not able to store or retrieve new information) for less than 24 hours, and (3) a Glasgow Coma
Scale score of 13 or greater quantifying level of
consciousness [13].
Symptoms
With most TBIs, a set of postconcussive symptoms
occur immediately after brain injury and can include cognitive deficits in memory, attention, and concentration;
physical or somatic complaints of fatigue, disordered
sleep, dizziness, and headache; and affective complaints
of irritability, anxiety, and depression. In evaluating the
symptoms associated with TBI, clinicians should account
for multiple factors related to the characteristics of the
individual injured, severity of the injury, and the time
interval from injury to evaluation that can influence the
level of functional and cognitive performance [14]. Mild
TBI can cause cognitive deficits not only in speed of
information processing, attention, and memory in the
immediate postinjury period but also in motor skills and
new problem-solving and general intellectual skills [15].
Fortunately, good recovery of postconcussive deficits
can be expected over a time ranging from 4 to 12 weeks for
the majority of patients with mild TBI cases. However,
some patients may recover much more slowly, with symptoms lingering for several more months [16] or even years
[17]. In terms of the emotional sequelae of TBI, Rao and
Lyketsos state the most common post-TBI anxiety symptoms include “free-floating anxiety, fearfulness, intense
worry, generalized uneasiness, social withdrawal, interpersonal sensitivity and anxiety dreams” [18]. These symptoms are also similar to characteristic PTSD symptoms and
therefore can be a problematic overlap in considering PTSD
incidence rates in those persons with mild TBI.
Posttraumatic Stress Disorder
Criteria and Symptoms
As defined in the Diagnostic and Statistical Manual
(DSM)-Fourth Edition-Text Revised (DSM-IV-TR), PTSD
is an anxiety disorder comprising four major criteria:
1. Exposure to or witnessing an event that is threatening
to one’s well-being and responding with intense fear,
helplessness, or horror.
2. Symptoms of reexperiencing, such as recurrent and
intrusive memories, nightmares, a sense of reliving the
trauma, or psychological and physiological distress
when reminded of aspects of the trauma.

3. Avoidance of thoughts, feelings, or reminders of the
trauma, and the inability to recall parts of the trauma,
withdrawal, and emotional numbing.
4. Arousal increases, as manifested in sleep disturbance,
irritability, difficulty concentrating, hypervigilance, or
exaggerated startle response.
These symptoms must cause marked impairment in functioning and persist for at least 1 month after the trauma
[19]. PTSD also has accompanying cognitive effects that
include impaired concentration and decision making, memory impairment and confusion; behavioral symptoms of
increased relational conflict resulting in social withdrawal,
alienation, reduced relational intimacy and impaired work
and school performance; and somatic complaints of
exhaustion, insomnia, headaches, startle response, hyperarousal, and cardiovascular, gastrointestinal, and musculoskeletal disorders [20].
Symptoms of reexperiencing the extremely traumatic
event through nightmares and intrusive thoughts are a
main feature of PTSD and are significant in the controversy over the coexistence of PTSD and TBI. One important issue is whether PTSD can develop after brain injury
with associated LOC, PTA, or cognitive impairment
resulting in no recollection of the actual traumatic event
[13]. Growing evidence and acceptance have shown that
PTSD can occur after TBI, but the reported prevalence
rates vary widely by study from 0 to 56 percent [21–23].
In addition to intense and free-floating anxiety and
distress that PTSD causes, a variety of cognitive problems
manifest, including impaired learning and forgetfulness,
attention and concentration difficulties, slower processing
speed, and a sense of being overwhelmed with once simple tasks, which may be mistaken for signs of TBI. Conversely, changes in personality such as impulsiveness,
reduced insight, rigid thinking, and reduced motivation
caused by TBI may also be misdiagnosed as PTSD. Differential diagnosis can be further complicated by the number of overlapping symptoms for PTSD and chronic
postconcussion syndrome, including noise sensitivity,
fatigue, anxiety, insomnia, poor concentration, poor memory, irritability/anger, and depression [24–26]. Hovland
and Raskin conducted a study that suggests PTSD can
exacerbate cognitive symptoms in mild TBI [27]. Hence,
differential diagnosis of PTSD requires understanding
the etiology of the different symptoms commonly seen
after TBI. Obtaining accurate information to account for
the presenting neurological and psychological factors may
suggest specific underlying mechanisms that can help in
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early detection, diagnosis, and treatment. These efforts
can ultimately improve outcomes from the disabling manifestations of chronic postconcussive syndrome and PTSD
that interfere with recovery and adaptation to life after
brain injury.
Incidences
Estimates of the lifetime prevalence of PTSD are 7 to
9 percent in community samples in the United States [28–
31]. PTSD incidence rates range from 3 to 30 percent in
groups exposed to specific traumatic incidents such as war,
torture, or rape [32]. Combat exposure is one of several
factors that have been identified as being associated with
increased risk for PTSD. An analysis of the lifetime prevalence of PTSD in male veterans who served in Southeast
Asia during the Vietnam war era (1965–1975) shows a 30
percent incidence rate compared with a 5 percent incidence rate in the general population of men [33]. An investigation focused on PTSD symptom rates, as opposed to
PTSD diagnosis, found that 69 percent of a large sample of
over 4,000 Army personnel exposed to combat in the Persian Gulf war reported at least one reexperiencing symptom, 37 percent reported at least three avoidance
symptoms, and 46 percent reported at least two arousal
symptoms at 9 to 10 months postwar [34]. In addition to
the high rate of PTSD exposure to combat exposure, risk
for PTSD is also higher when a physical injury has been
received [5]. For example, two to three times higher rates
of PTSD have been found among injured Vietnam veterans
compared with noninjured veterans [3–4]. Of the soldiers
injured in combat in Israel from 1998 to 2000, 17.0 percent
developed PTSD compared with 2.5 percent of noninjured
demographically similar soldiers who were exposed to the
same combat situations [5]. In a nonmilitary environment,
exposure to assaultive crime or witnessed homicide has
been shown to increase PTSD rates (26% vs 9%) compared with other types of trauma in a large sample of U.S.
adult women [35].
Estimates of the prevalence rates of PTSD following
TBI vary dramatically, from 0 to 50 percent, depending on
the study [36]. One review cites a 20 to 40 percent incidence of PTSD after head injury [37]. A recent study of
120 Israelis with mild TBI, mostly from motor vehicle
accidents (MVAs), reported a 14 percent incidence rate of
DSM-IV-diagnosed PTSD 6 months after injury [38].
Another study in a U.S. sample reported a 13 percent incidence of PTSD 3 months after mild TBI among cases
involving primarily MVAs and assaults or fights [39].

Influence of Posttraumatic Amnesia
The development of PTSD symptoms after TBI may
depend on the presence and duration of PTA. A debate is
ongoing as to whether PTSD occurs after a TBI in which
amnesia for the traumatic event occurs [40]. Some reports
indicate that PTSD does not develop without conscious
awareness of the event [41–44]. Other findings demonstrate that PTSD can occur despite the presence of PTA
[24,36–37,45–47]. A recent study reported that 27 percent
of patients with TBI and no extended LOC developed
PTSD, whereas only 1 of 31 who were unconscious for
more than 12 hours developed the disorder, suggesting
that PTSD is much less common in cases with a period of
amnesia but occasionally can develop, even with protracted LOC [48].
Several mechanisms have been proposed for the
expression of PTSD in the absence of memories for the
traumatic event. These mechanisms include the islands of
memory within the period of PTA [25,49], short or
incomplete amnesia [50], memories from before and/or
after the actual event [48], implicit unconscious memories
[51–52], and memories based on details the individual has
later heard or seen about the event [53–54].
Recent studies have focused on the specific symptoms
of PTSD that are most susceptible to being blocked by
PTA. Since reexperiencing symptoms theoretically require
prior encoding of traumatic elements, PTA might be susceptible to reducing or eliminating them. Studies have
suggested that reexperiencing symptoms are often absent
or reduced when conscious awareness or memory of the
traumatic event does not exist [38,44,48]. Other evidence
suggests that both reexperiencing and avoidance symptoms are reduced (but not eliminated) in patients with PTA
of more than 1 hour [46]. Bryant and colleagues examined
the incidence of specific symptoms within the reexperiencing cluster [52]. Intrusive reexperiencing symptoms
occurred infrequently 6 months after severe TBI with
amnesia, being reported by 19.2 percent of the participants
in this study. In contrast, the reexperiencing symptom of
emotional reactivity (becoming upset by reminders of the
traumatic experience) was reported by 96.2 percent of the
sample. These findings suggest that reexperiencing symptoms based on psychological and emotional conditioning
are enhanced in patients after severe TBI.
In cases of mild TBI and blast concussion, little or no
LOC or amnesia may occur for the time of the event. However, in combat environments, other systemic injuries and
polytrauma provide confounding factors. Combat troops
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located in the combat zone are likely to be in a state of high
vigilance and arousal before the TBI event and may already
have experienced incidents that met Criterion A for PTSD.
(In DSM-IV-TR, Criterion A is defined as the person having experienced, witnessed, or been confronted with an
event or events that involved actual or threatened death or
serious injury or a threat to the physical integrity of self or
others and the person’s response having involved fear, horror, or helplessness.) Treatment of severe burns and orthopedic injuries may invoke prolonged helplessness and
horror at one’s own condition, pain, and fear sufficient to
meet Criterion A. Use of sedatives and analgesic medications has strong effects on level of consciousness and memory processing. Although these factors affect the
incidence of PTSD, the extent to which these factors alter
the development and expression of specific PTSD symptoms is speculative.
Predictive Factors
Risk factors for PTSD include pretrauma, peritrauma
(at the time of the traumatic event), and posttrauma variables. Evidence suggests that different factors are
involved in the development versus the maintenance of
PTSD [55]. According to several studies, past psychiatric
history, prior trauma, and the presence of PTSD symptoms
immediately following the trauma have relatively low predictive value for later PTSD [56–58]. A meta-analysis of
risk factors found only modest effects, but it suggested
that peri- and posttraumatic factors such as trauma severity, lack of social support, and life stress were more
strongly related to post-PTSD than pretrauma factors [59].
A separate meta-analysis concluded that peritraumatic
psychological processes more strongly predict PTSD than
prior factors of past trauma, psychological adjustment,
and family history of psychopathology [60]. Trauma
severity most significantly predicted PTSD severity, followed by posttrauma interpersonal connection, and pretrauma conduct disorder in a study of prisoners of war
[61]. Severity of injury was also related to PTSD diagnosis
6 months after MVAs in another study [62]. In a community sample of survivors of severe TBI, a PTSD symptom
report was not related to TBI severity, survivors’ educational background, preinjury or current IQ (intelligence
quotient), or memory impairment. Positive factors for
PTSD symptoms included level of insight and external
attributions to others of causality for the event. These
results suggest that although severity of the traumatic
event appears to relate to development of PTSD, severity

of TBI itself could be less predictive. Since all patients in
this study had severe TBI, restriction of range could also
account for these negative results [63]. Predictors of early
posttraumatic acute stress severity resemble the predictors
of PTSD [64]. Several studies provide evidence for the
predictive value of acute symptoms on subsequent PTSD.
For example, a study with victims of violent crime found
that a diagnosis of ASD correctly predicted subsequent
PTSD for 83 percent of the group and presence of at least
three reexperiencing or arousal symptoms similarly predicted PTSD [65]. Studies in MVA victims have also
established a relationship between acute stress symptoms
and the presence of PTSD at 1-year follow-up [66–67].
Similarly, early acute stress symptoms were related to
PTSD in patients with mild TBI after MVAs [69].
Despite this evidence, a recent review of 10 studies
concluded that acute biological and cognitive mechanisms better predict PTSD than a diagnosis of ASD or
any constellation of acute symptoms [69]. A recent prospective study conducted on firefighter training graduates
found that high levels of hostility and low levels of selfefficacy at baseline (before exposure to traumatic on-thejob events) related to PTSD symptoms 2 years later [70].
Results are consistent with those from earlier studies
establishing associations between high hostility and
anger, reduced self-efficacy, and PTSD and further suggest that these characteristics are factors that predict
PTSD [71–77]. A recent study has also suggested that
PTSD in firefighters relates to pretrauma degree of catastrophic thinking [78]. These and other studies indicate
that psychological and psychosocial factors prominently
affect susceptibility to PTSD [79–81].
Studies of biological risk factors suggest that PTSD is
related to altered hypothalamic-pituitary-adrenal (HPA)
axis function. This finding is characterized by low basal
cortisol levels and enhanced negative feedback regulation. These neuroendocrine alterations have been shown
to occur within hours after trauma [56,82–83]. In addition, the genetic factors that contribute to risk for PTSD
have been examined. Further review of these areas is
found in the “Biological Interface Between Posttraumatic
Stress Disorder and Traumatic Brain Injury” section.
In summary, current literature appears to confirm a
strong association of peritraumatic thoughts, feelings, and
biological events to subsequent development of PTSD.
Acute stress symptoms are somewhat less predictive, and
remote pretrauma variables are more weakly related to
PTSD. No known empirical evidence directly documents
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a change in the incidence of PTSD because of alterations
of biological and psychological peritraumatic risk factors
specifically associated with TBI. However, the biological
and psychological risk factors for PTSD theoretically
occur during traumatic events in which TBI is experienced. These factors can be exacerbated by TBI, leading
to the documented increase in PTSD rates following TBI.
Sex effects on the prevalence of lifetime PTSD are
well documented, with a female-to-male lifetime prevalence ratio of 2:1 [84]. The greater susceptibility of
women to PTSD contrasts with their exposure to fewer
traumatic events but corresponds to a greater lifetime risk
of rape and sexual assault trauma. Evidence suggests that
stress hormone system sensitization from early exposure
to negative experiences, neuroendocrine factors, subjective interpretation of the event, and peritraumatic dissociation may influence the higher rates of PTSD in women
[85]. Sex differences in PTSD have also been associated
with higher rates of preexisting anxiety disorders or
major depressive disorders in women and with trauma
exposure in women before the age of 15 [86]. However,
these associations based on the literature just cited that
suggests low predictive value for such preexisting psychiatric disorders may not be causally related to the incidence of PTSD. Sex differences exist for TBI, with males
more likely than females to experience TBI [87]. This
finding is attributed to the fact that higher proportions of
males engage in behaviors, activities, and vocations that
place them at risk for TBI. Based on such situational factors, males and females in the same combat situation
would be at equivalent risk for TBI.
Longitudinal Course
PTSD is often associated with a chronic course. One
review article identified and examined 11 categories of
potential risk factors for chronic PTSD [88]. A prospective community sample study in Germany examining the
natural course of PTSD found that 52 percent of those
diagnosed with PTSD at baseline remitted at follow-up 34
to 50 months later [89]. Those who did not remit were
more likely to have experienced an additional traumatic
event during the follow-up period and were more likely to
report other comorbid anxiety and somatoform disorders.
A study of PTSD in Vietnam veterans reports that PTSD
symptoms developed at the time of exposure to combat
trauma, with hyperarousal symptoms occurring first, followed by avoidant and then intrusive symptoms. Symptoms were found to increase rapidly over the first several

years and then plateau to become chronic and unremitting
[90]. Similarly, a follow-up study of patients who were
injured in MVAs found that 53 percent of the patients
with PTSD 1 year after the MVA continued to express
PTSD 4 years postinjury [67].
PTSD is known to have high rates of comorbidity
with other mental disorders. A review of this literature is
included in the “Comorbidity of PTSD and Other Mental
Disorders and Interface with TBI” section. The detrimental effect of comorbid disorders on recovery from PTSD
has been suggested. For example, studies of PTSD in
samples of patients with other anxiety disorders found
low rates of remission of the PTSD (18%) over 2.5 years
of follow-up [91–92]. The high rates of comorbid conditions that occur with PTSD contribute to the chronicity of
this disorder [93]. Findings of one recent study indicated
that comorbid major depression predicted continuing
PTSD 1 year after flood disaster, whereas in contrast with
other investigations, comorbid substance abuse and somatization were not [94].
Evidence suggests that acute symptoms may be associated with later PTSD, as discussed previously. In addition, acute symptoms also appear to correlate with PTSD
chronicity. A long-term follow-up study in combat veterans reported that those with acute combat stress reactions
were more than six times likely to report PTSD at 1, 2, 3,
and 20 years postcombat [95]. Similarly, Persian Gulf
war veterans who reported PTSD symptoms immediately
after the war were up to 20 times more likely to report
continued symptoms 2 years postcombat [96]. Early
symptoms of PTSD have been shown to predict later
PTSD more than either the severity of the accident or
injury [97]. Some studies have found that individuals
with many avoidance symptoms at baseline have a more
chronic course of PTSD [89,98]. In contrast, a longitudinal study in adult survivors of community violence found
that pronounced hyperarousal at baseline predicted PTSD
chronicity and lower overall symptom improvement over
time [99].
The initial categorization of PTSD in DSM-III (Third
Edition) [100] included the subcategory of Delayed PTSD,
in which symptoms did not appear until more than 6
months after the traumatic event and even as long as several years. The validity of this diagnosis is controversial.
Recent prospective studies have suggested that cases of
delayed-onset PTSD exist. For example, a study identified
a subset of U.S. military peacekeepers in Somalia who
endorsed minimal PTSD symptoms initially but reported
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significant symptoms later [101]. Large-scale retrospective studies by the Walter Reed Army Institute of Research
have shown that many more U.S. Army and marine soldiers screen positive for PTSD and other mental disorders
on standard surveys administered more than 6 months
after redeployment from OIF/OEF than they did immediately on homecoming [102–103]. U.S. Army policy now
directs that all returnees be rescreened after 6 months. The
question remains: How many of these soldiers actually
developed new symptoms more than 6 months after
homecoming or actually underreported significant symptoms on homecoming? Possible reasons for soldiers to initially underreport include believing that revealing
symptoms could delay their rejoining their families and
cast a stigmatizing shadow on their medical records and
assuming that symptoms would improve spontaneously in
the bliss of being safely home.
Some older veterans are diagnosed with delayed
PTSD for the first time after retirement and after they suffer painful, disabling conditions of old age and the deaths
of friends and spouses [104]. The authors of this study
suggested that the PTSD symptoms may have been due to
environmental stressors along with age-related neurodegeneration. Some of these veterans may truly have had
only the normal combat and postcombat symptoms earlier
in life. However, others may have struggled in silence
with distressing and disruptive PTSD over many years. In
either case, rehabilitation specialists should be alert to this
possibility in their older veteran patients.
Combat trauma may differ from other traumatic experiences by producing more severe and/or chronic PTSD.
An analysis of a subsample from the National Comorbidity Survey (NCS) found that men reporting combat as
their worst trauma were more likely to have lifetime
PTSD with delayed symptom onset and unremitted symptoms than men reporting other types of trauma as the
worst. They were also more likely to be unemployed,
fired, divorced, and physically abusive to their spouses
[105]. The prevalence of PTSD in aging veterans of the
Netherlands military was stable from 1992 to 1998, confirming a chronic course of PTSD in a military sample
[106]. A long-term follow-up study in a large sample of
Vietnam veterans reported that chronic PTSD was most
strongly associated with combat exposure [107]. Discomfort in disclosing war experiences was correlated with
increased risk for PTSD but not with subsequent course of
the disorder. Perceived social support and community
involvement were associated with increased recovery

from PTSD. Another recent report of a 6-year longitudinal study of Vietnam veterans who were treated in an
inpatient program for PTSD confirmed the chronicity and
high mortality of this group [108]. The program’s impact
on the symptomatic course of illness was negligible, but
the veterans’ levels of violence and substance use
decreased, suggesting an increase in their ability to cope
with the disorder. In a study of Persian Gulf war veterans
[109], two distinct groups were identified: one with low
levels of PTSD and increasing symptoms over time and
another with higher initial levels of symptoms and
increasing symptoms over time. Characteristics of the less
symptomatic group included male, white race, higher
education, and less combat exposure.
Limited research has examined the longitudinal
course of PTSD after TBI. One study of PTSD in children
who experienced MVAs found high rates of reported
PTSD symptoms at 6 and 13 weeks postinjury, but no significant differences in rates of PTSD for those with and
without TBI [110]. The presence of PTSD appears to
hinder recovery from TBI [111]. One unusual interaction
between PTSD reexperiencing symptoms and status postTBI is a case in which the reexperienced traumatic event
apparently became a perseverated response [112]. During
exposure treatment, a continuous and perseverative reexperiencing of the most distressing part of the traumatic
event occurred, which lasted over 7 to 10 days. The perseveration was attributed to executive impairment incurred
during the head injury.

BIOLOGICAL INTERFACE BETWEEN
POSTTRAUMATIC STRESS DISORDER AND
TRAUMATIC BRAIN INJURY
Some of the biological aspects of PTSD interface with
the pathophysiology of TBI. This section of the article will
examine genetic contributions, structural changes, endocrinological changes, and neurochemical changes found in
PTSD. The findings will then be applied to TBI, followed
by a brief summary of the implications of the overlap
between PTSD and TBI.
Genetic Contributions
Genetic Aspects of Posttraumatic Stress Disorder
The first question to be addressed is, “Does PTSD
have a genetic contribution?” Several studies illustrate
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that it does. In one study, adult children of Holocaust survivors with PTSD exhibit an increased prevalence of
PTSD even though these children as a group did not have
greater exposure to life-threatening events [113]. However, subsequent research questions whether these findings are attributable to genetic vulnerability or mediated
by increased rates of childhood abuse and neglect [114].
In the DSM-III-R (revised) Anxiety Disorders Twin
Study, PTSD was found only in cotwins of anxiety
probands. PTSD was twice as prevalent in monozygotic
twins, being noted in 20 percent, while it was observed in
only 7 percent of dizygotic twins [115].
The most well-known Department of Veterans Affairs
(VA) study illustrating a link between PTSD and genetics
is the Vietnam Era Twin Registry [116]. It was composed
of middle-aged male-male twin pairs, both of whom
served in the military during the Vietnam war. This analysis adjusted for differences in combat exposure. No evidence was found that a shared environment contributed to
the development of symptoms. The genetic contributions
to variance of liability for each symptom cluster were
found to be reexperiencing (13%–30%), avoidance (30%–
34%), and arousal (28%–32%) [116].
The next question to consider after establishing a
genetic contribution to PTSD is, “Which genes are
involved?” In considering neuropsychiatric syndromes
such as PTSD, this process is complicated in that such
syndromes usually follow a non-Mendelian inheritance
pattern. An oligogenic pattern may exist in which more
than one gene collaborates to produce a phenotype or a
heterogeneity in which similar phenotypes may arise
from different genotypes. Identifying specific genes is
further complicated by incomplete penetrance, pleiotropy
(multiple effects of a single gene), and epistatic interactions (several genes interacting in the same individuals)
[115]. The psychiatric comorbidities and range of family
psychiatric syndromes further complicate analysis.
Traditional techniques for identifying genes are limited. The most traditional genetic study technique to identify contributing genes is with a linkage study. No linkage
studies have documented investigating the genetics of
PTSD, but two association studies have investigated it.
One of these identified an association between PTSD and
the A1 allele of the DA-2 receptor gene. The other study
did not replicate this finding [117]. Newer techniques are
focusing on identifying biomarkers and attempting to
associate genes specific to the biomarker so that an overlap may be found within the actual genetic coding of the
syndrome itself [118].

From the emerging field of epigenetics comes the
observation that severe maternal stress in pregnancy can
affect the HPA axis of the offspring with changes similar
to that found in PTSD. These changes in the HPA axis
have even been observed in the next generation offspring
unexposed to maternal stress or exogenous glucocorticoids [119]. Whether the stress from TBI can have a similar effect on the HPA axis of offspring is unclear.
Genetics of Traumatic Brain Injury
Several genetic observations in TBI have been
observed. Some of the most interesting observations
involve the ApoE4 allele. In one study looking at boxers,
patients with TBI who also had the ApoE4 allele
appeared to have more severe cognitive impairment and
neurological deficits [120]. Teasdale et al. demonstrated
that ApoE4 was associated with a poorer outcome as
measured by the Glasgow Outcome Scale 6 months
postinjury [121]. Millar et al. also demonstrated strong
associations between the ApoE4 allele and a poor neuropsychological outcome [122].
This particular linkage to ApoE4 relates to certain
pathophysiological changes. ApoE4 was traditionally linked
to a higher risk of developing Alzheimer’s disease. Head
injury is a known risk factor for Alzheimer’s disease.
ApoE4 is likely to exert its effects through modification of
protection and repair mechanisms.
Implications
Genetic studies of PTSD suggest that a hereditary
predisposition to vulnerability following a trauma may
exist in some cases. Similarly, some cases of TBI have
demonstrated that possession of the ApoE4 allele influences recovery following TBI.
Structural Changes
Posttraumatic Stress Disorder
Most of the information regarding structural changes
in humans comes from neuroimaging studies, including
both structural and functional imaging. An extensive literature can also be found on structural changes in animal
models.
Structural Imaging. Some studies have noted an
increased incidence of white matter changes in cavum
septum pellucidum and contusions from movement
across the bony protrusions at the base of the skull. Volumetric studies have demonstrated a higher ventricle in

903
KENNEDY et al. PTSD and TBI

patients with PTSD: brain ratio with greater sulcal widening [123]. The most compelling finding, however, is the
observation of hippocampal atrophy. This atrophy is
observed not only with volumetric studies but also with
magnetic resonance spectroscopy studies in which reductions in N-acetylaspartate correlate with reduced density
or viability of neurons. Specifically, an 18 percent
decrease has been found in the right hippocampus (the
relay distributor of sensory information to the cortex) of
Vietnam veterans [123].
Hippocampal atrophy in PTSD has been the topic of
many volumetric studies. It has been observed to be a
right-sided phenomenon in combat veterans and a leftsided phenomenon in women with childhood sexual
abuse [124]. One study identified patients with PTSD
with bilateral hippocampal atrophy. This finding appears
to correlate with neuropsychological studies in PTSD that
demonstrate decreased short-term memory on formal testing [125]. Interestingly, hippocampal atrophy in PTSD
does not occur in children and is not seen in the first
6 months after trauma.
Functional Imaging. Many studies have investigated
the correlations of functional imaging to PTSD. Positron
emission tomography (PET) studies of PTSD patients
reveal decreased blood flow to the medial prefrontal cortex
and increased blood flow to areas of memory and visuospatial processing as compared with nondisabled subjects
[126]. Decreased blood flow to the frontal areas of the anterior cingulate gyrus and the medial frontal gyrus has also
been observed in studies using functional magnetic resonance imaging (fMRI) [127]. Decreased frontal function in
PTSD is further supported by ligand studies that found benzodiazepine binding is decreased 41 percent in patients
with PTSD [128].
While PET and fMRI have demonstrated decreased
frontal activity in patients with PTSD, studies with singlephoton emission computed tomography have demonstrated increased activity in the amygdala (the “vigilant
sentry” that monitors all sensory input). However, this
increased activity is not observed with direct visual stimuli
[123]. The amygdala is noted to be modulated by the prefrontal cortex (the region for discrimination and inhibition
of responses). With decreased prefrontal activity, a lowered modulation for activation of the amygdala results.
Histology from Animal Models. Experimental evidence shows that stress induces structural changes in
neuronal networks [129]. These changes are evident in
the amygdala, the hippocampus, and the prefrontal cortex. In the amygdala, stress can elicit dendritic hypertro-

phy, indicating increased sensitivity to input. Within the
hippocampus, stress exposure results in remodeling of
dendrites of the CA3 pyramidal neurons and in reduced
numbers of synapses on those neurons. Furthermore,
stress inhibits adult neurogenesis (the growth of new neurons from stem cells to replace neurons that have died
off) in the dentate gyrus. In the prefrontal cortex,
repeated exposure to stress causes dendritic retraction
and loss of spines of the pyramidal neurons. Moreover,
molecular studies cited by Fuchs et al. show that stress
modulates expression of genes involved in neuronal differentiation and/or structural remodeling [129]. Astroglia
in the hippocampus are also reduced by stress [130]. Several investigators have suggested that these changes are
initially adaptive responses to the changing requirements
from the external and internal environments. At the
behavioral level, increased vigilance and rapid, “automatic” response are positive survival tactics in extremely
dangerous places such as combat zones and disaster sites.
Animal models of chronic stress have shown rapid
atrophy (“pruning”) of the dendritic “twigs and branches”
of the hippocampal neurons. Furthermore, these dendrites
can regenerate almost as quickly as they disappear. In hamsters, removing an intense psychosocial stressor that had
caused extreme pruning allowed a rapid “rearborization.”
The cellular reorganization (recovery) following stressinduced hippocampal damage in rats correlated with recovery of stress-induced cognitive deficits [131].
Human PTSD is closer to the animal models of aversive one-trial learning than to chronic stress, although the
painful intrusive memories and the hyperarousal symptoms are chronic stressors as well. Human memory, and
perhaps specific “cognitive hooks” that make the memories intolerably painful and self-perpetuating, may speed
hippocampal atrophy and amygdala hypertrophy in some
individuals by driving biological processes. Persistence of
such memories and cognitive frameworks could inhibit the
recovery process and prevent the rapid rearborization of
dendrites in the hippocampus and prefrontal cortex and
corresponding “demobilization” of hypertrophied dendrites in the amygdala. Evidence now suggests that both
pharmacotherapy and effective psychotherapies may stimulate hippocampal neurogenesis and the regrowth of dendritic connections.
Traumatic Brain Injury
Studies of the biomechanics and pathophysiology of
TBI have demonstrated that, regardless of the direction of
force, the most affected structural areas of the brain are
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the frontal lobes and the temporal lobes [132]. These
areas are more affected because of the coup-contrecoup
mechanism of injury and the movement of brain across
the bony protrusions of the basal skull. This finding is
particularly relevant because of the vulnerability of some
anatomical structures of the temporal lobe such as the
amygdala and the hippocampus.* The prefrontal damage
is associated with decreased inhibition of anxiety following a TBI.
Studies have shown that concussive brain injury, with
its chemical cascade of excessive neuroexcitation that
injures neurons, combined with deafferentation of input
to the hippocampus from lesions (e.g., contusion) in the
frontal cortex and temporal poles alter the hippocampal
plasticity and the pattern of dendritic structural reorganization and axonal sprouting [133]. This alteration is
occurring in the same regions where PTSD is also provoking neuronal reorganization.
Implications
The areas of dysfunction in PTSD appear to be the
anterior cingulate and medial frontal gyri within the frontal lobes as well as associated hippocampal atrophy. The
hippocampi and amygdala are located in the medial area
of the temporal lobes. Therefore, the areas of the brain that
are most vulnerable to TBI are also the same areas that are
most involved with dysfunction in patients with PTSD.
Endocrine Findings
Hypothalamic-Pituitary-Adrenal Involvement in
Posttraumatic Stress Disorder
Many studies have shown cortisol levels observed in
PTSD. These studies evaluate the axis between the hypothalamus, the pituitary gland, and the adrenal gland. The
hypothalamus signals the pituitary gland with the release
of corticotrophin-releasing factor (CRF). The pituitary
signals the adrenal gland with the release of adrenocorticotropic hormone (ACTH). Cortisol is released by the
adrenal gland and allows the body to physiologically
adapt to stress. A classic stress response has elevated
CRF, ACTH, and cortisol levels. Cortisol mediates its
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effects by binding to glucocorticoid receptors. These
receptors are decreased in chronic stress and depression.
Subjects with PTSD have alterations in their HPA axis.
For example, they have low cortisol levels and high CRF
levels. Previously, the low levels of cortisol were attributed
to “adrenal burnout,” which means that they were thought
to be elevated with the acute trauma and then burned out to
lower levels [134]. Emergency room studies of acute measures of cortisol 1 to 2 hours following a trauma show lowto-normal levels in patients subsequently diagnosed with
PTSD [55,82]. Studies of patients with PTSD have demonstrated that these patients have both an increase in the
quantity of receptors as well as an increase in the sensitivity of these receptors. These receptor changes allow for
enhanced negative feedback inhibition of cortisol at the
pituitary gland, which signals less ACTH to be released
and the attenuation of cortisol. Chronically elevated levels
of CRF may also alter pituitary responsiveness to other
pituitary hormone signals [135].
Traumatic Brain Injury-Related Pituitary Dysfunction
Up to 50 percent of patients with TBI have impaired
neuroendocrine function. Of these, 20 percent have a combination of two or more deficiencies. Many of these are
transient. When the initial injury is severe enough to cause
a panhypopituitary state, pituitary function does not usually recover. The most common pituitary dysfunction associated with TBI is growth hormone deficiency. This
finding was observed in 15 percent of subjects. It provides
a diagnostic challenge because some of the symptoms may
overlap with those of postconcussion syndrome [136].
The pathophysiology of the pattern of TBI-related
pituitary dysfunction may suggest a hierarchy of vulnerability to trauma of pituitary cells. The most vulnerable
cells include somatotrophs and gonadotrophs. These cells
are located more in the lateral wings of the pituitary
gland. Additionally, they are supplied primarily by the
long hypophysial portal system, which is more vulnerable to trauma because it passes through the diaphragm of
the pituitary [137].
More resilient cells include corticotrophs and thyrotrophs. These cells are located more in the central portion
of the gland and are supplied by the short hypophysial
portal system [137].
Implications
PTSD and TBI are both associated with decreased
function of the pituitary gland. In PTSD, this decreased
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function is based primarily on the increased sensitivity
and number of glucocorticoid receptors causing increased
negative feedback on the pituitary gland. TBI patients
commonly have impaired function of the pituitary due to
the decreased release of hormones, most commonly from
the most vulnerable pituitary cells (somatotrophs and
gonadotrophs).
Neurochemical and Neurotransmitter Changes
Posttraumatic Stress Disorder
Many neurotransmitter and neurochemical pathways
in PTSD are dysregulated. Of these, the most compelling
evidence surrounds serotonin. This serotonergic dysregulation may account for the selective serotonergic
reuptake inhibitors (SSRIs) appearing to have the most
efficacy for symptoms of PTSD [138]. Patients with
PTSD have their symptoms activated pharmacologically
by the serotonin agonist, m-chlorophenylpiperazine
[139]. Therefore, the efficacy of SSRIs may not be from
increasing serotonin but from their modulation of serotonin transporters or their effects on the modulation and
release of many other neurotransmitters, to include the
noradrenergic neurotransmitters.
PTSD has several noradrenergic aspects. The baseline prefrontal cortex inhibition of the amygdala is
impaired by postsynaptic alpha-1 receptors at higher levels of norepinephrine release. The amygdala mediates its
memory enhancement of emotionally arousing events via
beta receptors. The stimulation of these receptors is what
accounts for the increased acoustic startle in patients with
PTSD. Of interest, the increased startle response is not
noted acutely. Its onset occurs between the first week and
the first month. This may imply a dynamic progression in
pathophysiology. Memory retrieval of a traumatic event
increases norepinephrine release. All these factors lead to
a positive feedback loop contributing to the “overconsolidation” of a traumatic memory [140].
Changes in the sympathetic nervous system include
increased activation that exists in a phasic rather than
tonic pattern. Decreased alpha-2 receptors have been
observed with the alpha-2 antagonist, Yohimbine, able to
induce PTSD symptoms in some patients. Changes have
also been observed in the parasympathetic nervous system as evidenced by heart rate variability in the first
month following a traumatic event [139].
Changes in glutamate and gamma-aminobutyric acid
(GABA) have also been observed. Activation of glutamate

is increased, which is involved in encoding memory. In an
extreme stress setting, GABA is downregulated with a
subsequent decrease in negative modulation [140].
Traumatic Brain Injury
A “storm” of neurotransmitter release is in the setting
of TBI. This release disrupts function of the brain areas
in which they have significant roles.
Acetylcholine may have the most significant effects.
It is considered critical for support of function in the reticular formation (arousal and attention), the entorhinal-hippocampal formation (declarative memory), and frontalsubcortical circuits (executive function). Acute activation
of acetylcholine neurons leads to a decreased function of
acetylcholine. The result is a decrease of synthesis, as
well as acetylcholine neurons [141]. The decease in acetylcholine is thought to be the neurochemical basis for the
cognitive deficits exhibited following TBI [142]. Further
support of the cholinergic contribution to cognitive
aspects of TBI is provided by studies of sensory gating, a
parameter of attention that uses acetylcholine [143].
The increase in serotonin seen in TBI may be associated with the depression in cerebral glucose utilization in
areas of damage from the TBI. The most sensitive areas
to serotonin include the limbic areas and the frontalsubcortical circuits [144]. Noradrenergic neurotransmitter systems have also been found to be dysfunctional.
Sometimes the cholinergic deficit causes noradrenergic
dysfunction secondary to the lost modulation effect from
acetylcholine. Sometimes, the absolute loss of noradrenergic projections is mild, but the effects are exaggerated,
because of variations in the metabolism due to genetic
variability of the catechol-o-methyltransferase enzyme
[145]. The glutamate is also involved, which is the principal excitatory neurotransmitter thought to facilitate
information processing. TBI is associated with persistent
damage and dysfunction to areas with dense glutamate
receptors [146]. This glutamate is the traditional neurotransmitter associated with excitotoxicity.
Implications
PTSD is associated with a dysregulation of neurotransmitter pathways. Based on efficacy of treatment
with SSRIs, serotonin may be one of the more important
neurotransmitters involved. TBI also is related to acute
pathological neurotransmitter release followed by dysfunction of neurotransmitter systems. Acetylcholine
appears to have the most significant effects on cognition.
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Conclusions
A biological interface appears to be between TBI and
PTSD. Many of the genetic, structural, endocrine, and
neurochemical changes of TBI appear to have similar
changes noted in the pathophysiology PTSD. Some of
these changes may enhance the biological risk of a patient
with TBI developing PTSD or a PTSD-like syndrome.

COMORBIDITY OF POSTTRAUMATIC STRESS
DISORDER AND OTHER MENTAL DISORDERS
AND INTERFACE WITH TRAUMATIC BRAIN
INJURY
PTSD is often comorbid with other mental disorders, as
defined by the DSM of Nervous and Mental Diseases. High
rates of comorbidity for PTSD is indicated by the NCS
[147], the largest epidemiological study of the general population of the United States. Analyses of the data from this
study show that 44 percent of the women and 59 percent of
the men who meet the screening criteria for PTSD (lifetime
prevalence) also meet the screening criteria for three or
more other mental disorders in their lifetimes. Only 21 percent of women and 12 percent of men have only PTSD
(Table 1) [25,147]. Other studies have found similar multiple comorbidities in selected populations.
The most common comorbid conditions with PTSD
in the NCS (Table 2) are depressive disorders (in about
70% of men and women) [147]. Substance abuse disorders are also prominent, with alcohol abuse in about half
of men and other drugs in about a third (much lower in
women). Other anxiety disorders also occur frequently in
people who have PTSD in their lifetimes (higher in men),
although for these, the diagnostic differentiation from
PTSD itself is more complicated, as will be discussed.
Of course, lifetime comorbidity does not mean that
the other disorders were necessarily concurrent with the
PTSD. However, a review of studies that looked at concurrent PTSD and depression found concurrences ranging from 30.1 to 64.5 percent [149]. Substance abuse also
frequently complicates active PTSD [150].
Why should PTSD have so much comorbidity?
Brady et al. addressed this question by delineating and
discussing several causal pathways by which PTSD can
be associated with other disorders [147]. The article
reviews scientific studies and statistics relevant to the
hypothesized causal models. The null hypothesis is that
the simultaneous presence of PTSD and another diagnosis

Table 1.
Lifetime comorbidity of posttraumatic stress disorder with other
mental disorders.

No. of Other
Mental
Disorders
0
1
2
3+

Women
(%)
21
17
18
44

Odds
Ratio
(%)
0.2
2.2
4.0
7.9

Men
(%)
12
15
14
59

Odds
Ratio
(%)
0.2
2.4
3.8
14.5

Source: Data from Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB.
Posttraumatic stress disorder in the National Comorbidity Survey. Arch Gen
Psychiatry. 1995;52(12):1048–60. [PMID: 7492257]

Table 2.
Frequency (%) of prominent lifetime comorbid mental disorders with
posttraumatic stress disorder of persons aged 15–54 years (N = 5,877).

Types of Disorders
Depressive Disorders
Major Depression
Dysthymia
Substance Use Disorders
Alcohol Abuse/Addiction
Drug Abuse/Addiction
Other Anxiety Disorders
Simple Phobia
Agoraphobia
Social Phobia
Generalized Anxiety Disorder
Panic Disorder

Men

Women

47.9
21.4

48.5
23.3

51.9
34.5

13.5
7.6

31.4
16.1
6.0
16.8
7.3

14.5
7.8
14.1
7.6
4.3

Source: Data from Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB.
Posttraumatic stress disorder in the National Comorbidity Survey. Arch Gen
Psychiatry. 1995;52(12):1048–60. [PMID: 7492257]

is coincidental, with each disorder having fully independent causes. Statistically, this hypothesis is likely in varying degrees but adds little to understanding or treating the
disorder.
For some cases of PTSD, the history indicates that
another mental disorder was present before the PTSD and
increased the likelihood that the individual would encounter traumatic events. For example, individuals who abuse
substances or experience a manic episode may put themselves into situations with increased risk of injury or death.
Some personality traits and disorders (stimulus and riskseeking, antisocial, narcissistic, paranoid) may feature
reckless behaviors that cause traumatic consequences or
aggressive behaviors that provoke physical retaliation.
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Other individuals may involve themselves with interpersonal relationships or situations in which they are prone to
be abused.
A variation of this explanation for comorbidity is that
a preexisting mental disorder (with its underlying biopsychosocial predispositions) may increase the susceptibility
of an individual to develop PTSD when a potentially traumatic event occurs. Some individuals are remarkably
resilient against PTSD, even in horrendous situations,
while others appear highly vulnerable. Some people are so
predisposed that they get “vicarious PTSD” from hearing
about or seeing traumatic events through the media that
happened to strangers. An example of this causal pathway
would be seen in an individual with generalized anxiety
disorder, prone to worry, overgeneralization, and catastrophizing who naturally reacts this way to any potentially
traumatic event. When a patient’s preexisting mental disorder causes the traumatic event and subsequent PTSD or
makes the patient unduly susceptible to PTSD, therapists
need to guard against becoming judgmental and lapsing
into providing suboptimal care because they unconsciously ascribe blame to the individual.
A suggestion has been that dissociative traits may
predispose to PTSD. They could manifest earlier as clinical disorders or subsyndromal conditions such as dissociative amnesia, dissociative fugue, or depersonalization
and derealization disorders. Amnesia for aspects of the
trauma is one of the DSM avoidance cluster symptoms of
PTSD, and depersonalization and derealization are listed
as commonly associated symptoms. Such experiences
during the peritraumatic period or immediately after the
traumatic event is included in the DSM diagnosis of ASD
because they are hypothesized to predict PTSD a month
or more after the trauma. However, Briere et al. found
that unlike persistent trauma-related dissociation, peritraumatic dissociation does not predict PTSD [151].
Another pathway describes symptoms of a comorbid
mental disorder as an alternative to express the persistent
fear, horror, or helplessness of a traumatic event. For
example, in some individuals, posttraumatic symptoms
may present as somatization psychopathology rather than
ASD or PTSD [152]. In some non-Western cultures, most
forms of mental distress are expressed socially as somatic
symptoms rather than as emotions. Conversion reactions
are also common in such cultures.
Another causal pathway for comorbid mental conditions is found in the overlapping symptoms of PTSD and
other DSM diagnoses. This pathway implies that the

symptoms may be caused by the same neural pathways
and neuroendocrine interactions. A prominent example is
the overlapping symptoms between PTSD and other anxiety disorders. Literature has cited these disorders as
among the more common comorbidities. The overlap of
criterion symptoms is notable between PTSD and panic
disorders, social phobia, agoraphobia, and specific phobias. The only anxiety disorder symptoms that are not
common in PTSD are obsessive compulsive ones, and
here the apparent concordance of those two diagnoses
does appear to be largely because of the overlap of the
shared nonspecific symptoms [153].
Recognizing the symptoms of panic disorder, agoraphobia, and social phobia is important. Specific phobias
and obsessive compulsions embedded in PTSD, because
they can be targets of tailored psychotherapies. Conversely, asking persons with those disorders whether they
have had traumatic experiences is important, because
they may not volunteer the information.
Although the DSM states specifically that the diagnosis of intermittent explosive disorder should not be
used when it is caused by another mental disorder, the
irritability and angry outbursts of PTSD can lead to
impulsive violent responses that destroy property or
injure individuals. PTSD can include increased aggressive behavior that is frequently impulsive and episodic,
as well as a reduced ability to tolerate provocations,
resulting in disproportionate reactions [152]. This potential is sufficient to warrant “risk reassessment” by therapists (including physical and occupational therapists),
especially when deadly weapons are freely available and
alcohol or substance abuse is present.
In another causal pathway, PTSD may increase the
likelihood or “cause” another mental disorder. A frequently cited example is the link between PTSD and substance abuse disorders—the so-called “self-medication
hypothesis.” This hypothesis is supported by evidence
that alcohol use commonly increases soon after the traumatic event [150]. However, persons with PTSD who
were well-controlled social users, or abstainers on principle, often begin to drink alone every evening. If asked,
they say that the alcohol helps them relax and fall asleep
and reduces the bad dreams they have been having.
Regrettably, the alcohol may also cause early awakening
(i.e., more sleep disturbance, which is already characteristic of PTSD, TBI, and major depression). Sleep deprivation itself impairs memory and concentration and
increases irritability and emotional ability. Indeed, sleep
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deprivation in TBI, PTSD, and major depression can significantly contribute to the cognitive impairment and
behavioral problems. The other drawbacks of alcohol
self-medication for PTSD are that it progressively
requires more ingestion to relax, directly impairs judgment and impulse control, and further unleashes the irritability and anger already latent in TBI and PTSD.
PTSD can also cause depression via a pathway
involving guilt [152]. Guilt is a common associated symptom of depression. The guilt may be from what the person
did or did not do to survive and escape the terrifying, horrifying, or helplessness-producing threat to life or bodily
integrity. The survivor or victim, and others, may judge
their actions as stupid, negligent, cowardly, selfish, evilly
aggressive, etc. They may become stuck in endless ruminations about “Why didn’t I . . .” or “If only I had . . .” and
blame themselves for things they could not possibly have
foreseen or controlled. That leads to, “I deserved what
happened to me.” The guilt may also be existential: “Why
did I survive when others more worthy did not?” The guilt
may be attributed to others in ways that shatter their faith
in the ultimate goodness of people or agencies on which
they depend.
Such guilt and feelings of hopelessness and learned
helplessness are naturally depressogenic to the nervous
system. What started as normal negative feelings can
worsen into adjustment disorder with depressed mood
(perhaps also with mixed anxiety and disturbed behavior). It may worsen further into major depression. A prior
history of depression increases the likelihood of developing a major depressive episode and also increases the
likelihood of more severe associated symptoms. However, in some studies cited in Brady et al. [147], analysis
has indicated that PTSD and major depression were correlated by independent responses to trauma. One can
fairly say that PTSD and depressive disorders are closely
related, but the nature of the response is complex and
varies case by case. Special attention should be paid to
the danger of suicide in persons with PTSD. The risks for
attempting initial suicide, attempting an impulsive suicide, and planning a suicide are high [154].
Comorbidities can challenge the treatment of PTSD,
even more so in the presence of recovery from TBI. Overlapping symptoms of particular relevance to this article
occur among PTSD, TBI, and major depression. These all
share the symptoms of sleep disruption, difficulty concentrating and attending, slowed thinking, and memory
impairment. This is an overlap of great practical signifi-

cance, because arousal in the causal pathway of one disorder can cause another disorder, leading to additional
clinical complexity and potentially deteriorating psychological and physiological status. The cognitive impairment
and behavioral disturbance from PTSD and from TBI are
likely to have social and occupational consequences, and
perhaps even a legal one: medical separation for military
personnel, loss of job or unemployability, relationship
strife and divorce or breakup, charges for traffic violations,
assault, or drug abuse. These may increase anger, anxiety,
and/or depression. The cognitive impairment is often more
demoralizing and stigmatizing than an obvious physical
disability.
Effect of Identifying Comorbidities
Multiple DSM diagnoses clarify each manifestation
and justify and provide focus for multiple treatments.
These diagnoses can be necessary to cover the time and
expense of treatments that are specific to a symptom
manifestation, especially if they involve different trained
therapists, workload documentation for staffing, and/or
third party payment. Multiple diagnoses are more likely
to qualify the patient for potential disability benefits,
which is justifiable if the diagnoses cause cumulative
rather than overlapping disability. On the down side, the
presence of multiple diagnoses can convince the patient
that he or she is sicker and more disabled. Illness behaviors for secondary gain can be fostered, unconsciously or
deliberately. A long list of diagnoses can negatively
affect the impressions and reactions of caregivers, family
members, medical board members, insurance companies,
and potential employers.
When comorbid symptoms need to be identified separately, some of the drawbacks of multiple diagnoses can
be avoided with a DSM diagnosis that implies good prognosis. Adjustment disorder with depressed mood and
even adjustment disorder with depression, anxiety, and
disturbed conduct highlight those symptoms for treatment
while recognizing them as consequences of the difficult
adjustment to TBI, other physical disabilities, cognitive
limitations, posttraumatic memories, and other psychological challenges.
Implications of Posttraumatic Stress Disorder
Comorbidity for Treatment
Identifying comorbid conditions that accompany
PTSD can assist the clinician who is treating the patient
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with PTSD. Multiple diagnoses can have several specific
effects on treatment, as listed in the following:
1. Awareness of the probability of comorbidity improves
the diagnostician’s and therapist’s recognition of multiple diagnoses when they occur.
2. Recognition of comorbidities can enhance understanding and empathy for “difficult” patients.
3. Recognition may identify reasons for slow functional
improvement or “noncompliance.”
4. Recognition and understanding enables tailoring the
approach to the patient in physical and occupational
rehabilitation.
5. Recognition of the patient’s individual vulnerabilities
and needs can mobilize ancillary methods/services, as
discussed in the next section on treatment.
6. Recognition may justify clinical referral for further
evaluation and treatment of the PTSD and/or of the
comorbid condition.

TREATMENT OF POSTTRAUMATIC STRESS
DISORDER IN CONTEXT OF MILD TRAUMATIC
BRAIN INJURY
As noted, a significant overlap exists between TBI
and PTSD, primarily in cognitive, emotional, and behavioral functions. With current clinical and scientific
knowledge regarding the comorbidity of PTSD and TBI,
we can only speculate whether the impairments caused
“independently” by each source might be additive or
multiplicative or might create a “ceiling effect,” where
the sum of the two is less than would be predicted for
each alone. A purely speculative example would be that
memory impairment is additive (i.e., worse memory
overall); irritability, anger, and violence is multiplicative
(especially given frontal lobe damage resulting in disinhibition); and concentration or distraction impairment
reaches a ceiling. In addition, the possibility of a “protective” effect exists, whereby the inability to recall aspects
of the emotionally traumatic event actually protects the
individual from memory or recall of the event. In practice, no scientifically demonstrable “universal” effects
may exist until we have reliable objective evidence of the
degree (severity) of neuronal changes related to specific
injury type and traumatic stressor. For now, we must consider the practical, clinical questions and subject them to

vigilant clinical observation and scientific investigation.
These questions include—
• Can treatments that work for PTSD symptoms without TBI also improve those symptoms when they
have a strong causal component from TBI?
• Can comorbid TBI render some treatments for PTSD
potentially harmful?
• Can PTSD complicate the treatment and rehabilitation of TBI?
Only a few studies have addressed treatment of cooccurring TBI and PTSD. Bryant et al. compared a
cognitive-behavioral therapy (CBT) regimen versus supportive counseling for the treatment of ASD and mild
TBI [155]. Treatment consisted of (1) psychoeducation
about the nature of posttraumatic reactions and symptoms, (2) relaxation training, (3) imaginal exposure to
reexperiencing symptoms, (4) cognitive restructuring,
and (5) graded in vivo exposure to fear-provoking situations. The CBT group was compared with a supportive
counseling group of psychoeducation about traumatic
reactions and problem solving skills. Results suggest
marked reduction of intrusive memories and avoidant
behaviors in the CBT group as compared with the supportive counseling group. The CBT patients had significantly less PTSD than the supportive counseling group at
posttreatment evaluation (8% vs 58%, respectively) and
at 6-month follow-up (17% vs 58%, respectively).
Another interesting finding of the Bryant et al. study
was that partial PTA following the incident did not necessarily reduce the efficacy of the exposure or cognitive therapy [155]. Furthermore, depressive symptoms, commonly
seen after TBI, did not appear to respond to either the CBT
or supportive counseling. This finding suggests that additional attention be placed on monitoring depressive symptoms, including thoughts of suicide, even in survivors of
head injury who receive acute stress interventions [156].
Important to note is that subjects in the Bryant et al. study
were diagnosed with ASD and not PTSD [155]; however,
the results do suggest that CBT may be effective with individuals with at least a mild TBI. Moreover, this study is
limited because of a small sample size, as well as the mild
nature of the head injuries and cognitive impairments. A
separate report of two cases treated with CBT for PTSD
after more severe TBI has shown efficacy in management
of mood state and redeveloping social roles as well as
reduction in PTSD symptoms [157].
While clinical guidelines for the treatment of cooccurring TBI and PTSD are not yet available, several

910
JRRD, Volume 44, Number 7, 2007

resources are available to care for the catastrophically
injured and emotionally traumatized. Physicians, nurses,
psychologists or neuropsychologists, and support staff
who provide tertiary care for the war wounded must be
knowledgeable and equipped for the emotional reactions
that may accompany blast concussions. What follows are
descriptions of several resources that provide comprehensive treatment approaches for active duty soldiers and
veterans, as well as an overview of the current empirically validated clinical treatment protocols available for
TBI and PTSD.
One of the most rigorous recent initiatives to examine treatments of PTSD is the DOD/VA Clinical Practice
Guidelines (CPG) for the management of PTSD [158].
Several other resources are available, including the VA’s
Veterans Health Initiatives on Caring for War Wounded,
PTSD: Implications for Primary Care and Traumatic
Brain Injury [159].
Pharmacotherapy Interventions
The following pharmacotherapy recommendations
and discussion are based on the VA/DOD CPG. Antidepressants have proven effective for treating PTSD, especially SSRIs, and are recommended in the VA/DOD
CPG. The SSRIs are considered “strongly recommended” as having significant benefit for treating PTSD.
They have relatively acceptable side effects and wide
safety margins for overdose. Of all SSRIs, sertraline has
been researched the most. Four studies that each included
more than 100 subjects demonstrated a significant positive response to sertraline. The Food and Drug Administration has approved both sertraline and paroxetine for
treating PTSD. Fluoxetine has also been shown to be useful, and although less studied to date, both citalopram and
fluvoxamine are also potential agents for addressing
PTSD symptoms.
The tricyclic antidepressants are also recommended;
however, compared with the SSRIs, these have more troublesome side effects and lower safety margins. The
monoamine oxidase inhibitors are also recommended in
the CPGs, but they have potentially troublesome side
effects, require lengthy “washout periods” before starting a
range of other medications, require avoidance of CNS
stimulants and decongestants, and require following a strict
diet that avoids foods containing tyramine. The atypical
antidepressants (e.g., bupropion, nefazedone, trazodone,
venlafaxine) “may be considered.” The guidelines recommend that a therapeutic trial of an antidepressant for symp-

toms of PTSD should be at least 12 weeks before changing
to another therapeutic regimen. The sympatholytics are
also recommended because they block the peripheral autonomic hyperarousal in PTSD, but they can also cause troublesome side effects, including hypotension. Prazosin has
been reported to be effective for treating nightmares associated with PTSD [160–161], although in much lower
doses than are used to treat hypertension.
To date, insufficient evidence exists to recommend
anticonvulsants, mood stabilizers, atypical antipsychotics,
buspirone, and nonbenzodiazepine hypnotics. The CPG
state that they may be helpful in selected cases, alone, or
as adjunctive treatment. The anticonvulsants (e.g., carbamazepine, gabapentin, valproate) are prescribed for the
PTSD and TBI shared symptoms of irritability, flash
anger, and potential violent outbursts. Quetiapine, an
atypical antipsychotic, is prescribed in practice for the
insomnia, which is common in both PTSD and TBI. Zolpidem may be used less now than previously because of
concern for its reported side effects of sleepwalking
(including nocturnal compulsive eating) and amnestic episodes that continue after the patient awakens. Comorbid
TBI could cause the patient to be significantly more sensitive to these effects. The long-term use of benzodiazepines and the older “typical” antipsychotics for PTSD is
rated in the practice guidelines as not useful and even
potentially harmful.
In general, TBI may cause the patient to be more sensitive to side effects or to the main effects of many medications. This finding can be true for psychotropic
medications as it reportedly is for alcohol, which is sometimes used in excess by individuals with PTSD. When initiating any medication for a patient with TBI, one should
be prudent and start at a lower dose and observe closely
during a gradual increase to a therapeutic dose.
Drug interactions also require special vigilance in
patients with TBI, because the impaired brain function
(and other aspects of metabolism if multiple injuries are
present) may compound them. Patients with TBI and
comorbid PTSD (and perhaps depression and other psychiatric conditions) may already be taking medications for
headache, dizziness, orthopedic pains, insomnia, allergies,
etc. If they have burns, wounds, internal organ injuries, or
amputations, they may undergo multiple procedures and
surgeries with anesthesia, antibiotics, and fluid/electrolyte
challenges. The home caregivers, prescribing providers,
and rehabilitation staff should actively query the patient
about possible adverse drug reactions.
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Both PTSD and TBI can impair memory and concentration, so patients may be prone to forgetfulness, misremembering, or confusing dosages, especially if they are
taking several different medications (some of similar
appearance) at different times of the day. The patient may
need help with setting out the daily or weekly dosages in
clearly marked compartments and having reminders built
into the schedule of the day. Prescribing providers and
other rehabilitation personnel should routinely confirm
that the patient remembers, understands, and complies
with the medication regimen.
Pharmacotherapy may be used along with psychotherapy, with the possibility of improving treatment compliance and outcome. Although a recent review of
available randomized clinical trials found no studies that
met review criteria to test the superiority of combined
treatment in PTSD [162], advantages may exist, at least
for certain individual cases. Even if the therapist is not
also the prescribing provider, the psychotherapeutic relationship may sustain patient compliance with taking the
medication long enough for determining if it is suitable
for the individual. With pharmacological reduction of
symptoms, the patient might be able to enter into psychotherapy that otherwise might prove too aversive to pursue. Rehabilitation therapeutic relationships can fulfill
this function if the therapist is knowledgeable about the
medications his or her client or patient is prescribed.
These relationships could include informal use of psychotherapeutic skills and techniques by rehabilitation
staff members. Successful psychotherapy may sufficiently change the meaning and behavioral basis for the
posttraumatic stress reactions such that the medication
can be tapered and discontinued.
Psychotherapy Interventions
The psychotherapeutic interventions with the strongest
scientific support are trauma-focused CBT, which comprises varying combinations of exposure therapy and
trauma-focused cognitive therapy, nontrauma-focused therapy, and eye movement desensitization and reprocessing
(EMDR). CBT is a focused intervention in which the therapist guides the patient through a structured regimen that is
often embodied in a manualized series of clinical treatment
sessions. Many CBT interventions include some degree of
psychoeducation about the stress response (“fight or flight
reaction”) and its impact on mental and physical performance. Most include teaching relaxation techniques so that
the patient can control the intense physiological response to

reminders of the trauma in PTSD and enable him or her to
overcome the avoidance symptoms to proceed with the
therapy. Many directly or indirectly use desensitization of
negative stimuli by repeated exposure without negative
consequences. The exposure can be “imaginal” (revisiting
the experience in imagination and memory); “simulated” in
the office by pictures, sounds, scents, etc.; “virtual” with
interactive, computer-generated simulation; and/or “in
vivo,” by returning to the same or similar places and activities as experienced in the traumatic event.
In the cognitive component of CBT, the therapist
helps the patient challenge underlying negative beliefs
that the patient has about him- or herself and/or about
how the “real world” works. The therapy encourages the
patient to replace negative beliefs and automatic thoughts
with more adaptive beliefs and assumptions. Typically,
for PTSD, the process involves correcting misattribution
of control and blame in the traumatic event (e.g., selfdirected guilt or other-directed rage survival actions, mistakes made, or presumed malicious intent). CBT may
also involve restoring or modifying more existential
beliefs about personal safety, interpersonal trust, the good
and bad in human nature, as well as the possible indifference of other people.
In the behavioral component of CBT, the therapist
helps guide the patient through recalling significant
aspects of the traumatic event and assigns “homework”
for the patient to practice activities that reinforce adaptive coping behaviors (e.g., effectively communicating
with family and friends) and extinguish maladaptive
behaviors (e.g., getting angry when feeling unsafe). The
client learns to identify and clarify patterns of thinking by
recording in a log his or her thoughts about significant,
ongoing events and distressing trauma-related thoughts.
A large literature has demonstrated the efficacy of
CBT treatments for chronic PTSD [163]. In addition,
CBT has been shown to have specific effects on symptoms and associated features of PTSD. For example, a
recent randomized trial of CBT for trauma-exposed individuals found efficacy for chronic nightmares, symptoms
of depression and PTSD, fear of sleep, and sleep problems as well as improvement in sleep quality and quantity [164]. CBT has been shown to normalize the
heightened heart rate reactivity to trauma-related stimuli
found in PTSD patients [165].
EMDR is a therapy for which evidence of efficacy
and mechanism of action is considered controversial
[166]. EMDR incorporates components of other CBT
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interventions with focused attention on alternating (e.g.,
left and right) visual, auditory, or tactile stimuli. Simultaneously, the patient holds a multisensory image of the
traumatic event (or successive associations) in mind along
with a briefly worded negative cognition and later its positive replacement. Proponents believe that EMDR often
works in three to five sessions for uncomplicated PTSD.
Evidence suggests that EMDR is effective for PTSD compared with no treatment and with therapies not involving
exposure. However, it has not shown to increase efficacy
over other treatments that include exposure techniques
[167]. Therefore, the efficacy of the specific eye movement component of this treatment has been questioned and
results of the few studies available are inconsistent [168].
A recent report suggests that the mechanism underlying
the eye movement effect involves activation of cholinergic
and inhibition of sympathetic systems, similar to the pattern found during rapid eye movement sleep [168].
Whether this physiological alteration imparts an active
treatment effect is unknown.
To our knowledge, no published studies exist on the
use of EMDR in patients with TBI. EMDR and other
forms of CBT may be difficult for patients with TBI who
have impaired concentration, poor frustration tolerance,
and physical symptoms, including headache and problems with vision or other senses.
Nontrauma-focused stress management has a positive
but less pronounced effect in PTSD. Group treatment seems
to be less effective than individual treatment. A recent metaanalysis found no significant benefits over waiting-list controls for nontrauma-focused treatments such as supportive
therapy, nondirective counseling, psychodynamic therapies,
and hypnotherapy [170]. Using a predetermined threshold,
researchers found that only trauma-focused CBT and
EMDR produced significant clinical improvements, and no
major differences were found between the two in headto-head comparison studies [170–171].
A lack of literature exists on the relative efficacy of
pharmacotherapy versus psychotherapy for PTSD. One
recent randomized clinical trial comparing EMDR versus
fluoxetine found the psychotherapy intervention to be
more efficacious among individuals with adult-onset
trauma. Sustained reductions were found for both PTSD
and depressive symptoms, with both treatments superior
to pill placebo [172].

Adjunctive Problem-Focused Methods and Services
Anywhere along the pathway from acute stress to
chronic PTSD, a patient may benefit as much or more
from case management and psychosocial rehabilitation as
from pharmacotherapy or psychotherapy. These services
are already indicated for persons with significant impairment from TBI and other physical disabilities. The Intervention Module Summary of the PTSD CPG lists
adjunctive problem-focused methods and services and
indicates when to initiate them. These methods and services are (1) patient education (also add caregiver and
public education), (2) self-care and independent living
skills training, (3) use or referral to supported housing services, (4) family skills training, (5) social skills training,
(6) vocational rehabilitation training, (7) case management services, (8) access to religious or spiritual advisors
and/or other resources, and (9) substance abuse treatment.
New Grounds for Optimism in Treatment of
Posttraumatic Stress Disorder and Traumatic
Brain Injury
Some individuals (and even cultures) can endure
extreme suffering and loss without developing PTSD.
Studies of the characteristics of “resilient” people seek to
determine the interacting roles of (1) genetic vulnerability (or relative strength); (2) early life experiences that
acclimate the neurochemical sensitivity of the stress
response; and (3) the acquisition of cognitive “frames”
that reduce or channel terror, hopelessness, horror, and
physiological overreaction, and promote resilience and
adaptive responses. However, factors also exist that work
against resilience. The negative pull of disability compensation has been recognized since the late 19th century
and confirmed in the aftermath of World War I in the context of “war neurosis” or “shellshock” [1]. Mercy and
justness call for helping victims or survivors of traumatic
events. Therefore, one challenge in treating TBI and/or
PTSD is to achieve and modulate a changing balance
between supportive care (including financial assistance)
and the positive expectation of, and pressure toward,
maximum recovery of function and independence.

CONCLUSIONS
In the context of the current war in Iraq and other global military operations in the future, understanding the
neurobiological aftereffects of exposure to extreme stress,
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including resiliency, is considered a top research priority
of the DOD [173]. A substantial number of injuries in our
returning troops involve the head and are caused by a
neurologically damaging explosive blast. The traumatic
nature of injuries in the combat environment is leading to
increased presence of PTSD. Future research should focus
on key issues in this area, including evaluating the effect
of mild TBI on the symptomatic features and PTSD
development and exploring optimal identification of and
treatments for PTSD after mild TBI.
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