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Detecting Traumatic Brain Injury Among Veterans of
Operations Enduring and Iraqi Freedom
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A

dvances in battlefield medicine and protective devices
used in Operation Enduring Freedom-Afghanistan
(OEF), beginning in October 2001, and Operation Iraqi
Freedom (OIF), beginning in March 2003, are saving the lives
of many service members who would have died in other wars.
While the mortality rate for injures was 30% in World War II
and 24% in Vietnam, the rate in these recent wars has
been constantly close to 10%.1-3 The result is that many
veterans who previously would have died are living with
very serious injuries, and those who formerly would have
had serious and apparent injuries now have conditions that
significantly impact their lives but are not always obvious.
One of these conditions, traumatic brain injury
(TBI), is considered the signature wound of the current
conflicts.4,5 It is estimated that almost 50% of soldiers
injured in combat return with some form of TBI (mild,
moderate, or severe).6 This compares with 14% to 18%
of combat casualties having a brain injury during the
Vietnam War.4

What is Traumatic Brain Injury?

temporary to permanent cognitive, physical, or emotional
dysfunction. The severity of the TBI depends on the symptoms
that result from the injury, and outcomes can range from a
complete recovery to permanent disability or death.11-13 Table 1
lists common symptoms of TBI.14-17

“…traumatic brain injury
(TBI) is considered the
signature wound of the
current conflicts. It is
estimated that almost 50%
of soldiers injured in
combat return with some
form of TBI (mild,
moderate, or severe).”

Traumatic brain injury is a form of brain damage
resulting from a sudden jolt, blow, or penetrating head
injury.7,8 It most commonly occurs when the head is
accelerated and then decelerated abruptly. The effect is
that strain forces are applied to the axons (nerve fibers) in
the brain. This type of closed TBI is broadly referred to as a
diffuse axonal injury.9,10 These injures may result from the head
hitting an immovable object, being struck in the head, or waves
of energy from an explosion. Penetrating objects such as bullets
may also damage the brain. Traumatic brain injury can result in

Traumatic Brain Injury Severity
In more serious cases, when blasts and other mechanisms of
injury result in loss of consciousness producing a TBI, the
injury may be defined as mild (≤ 30 minutes) [American
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Table 1.
Common Symptoms of Traumatic Brain Injury
General Symptoms of TBI
Headaches
Difficulty organizing daily tasks
Mental confusion (easily confused,
easily feeling overwhelmed)
Lightheadness or feeling dizzy
More sensitive to auditory stimuli,
lights, or other distractions
Behavior or mood changes (feeling
sad, anxious, or listless)
Double vision, blurred vision, or
tired eyes
Ringing in the ears
Bad taste in the mouth
Fatigue or lethargy (feeling tired all
of the time)
A change in sleep patterns
Trouble with memory,
concentration, or calculations
Easily irritated or angered
Impulsivity (lack of inhibition)
Slowed movement, talking, reading,
or thinking
Sexual dysfunction

Symptoms of Moderate to Severe TBI
Loss of consciousness (30 minutes or more)
Personality change
Loss of coordination
Weakness or numbness in the extremities
Slurred speech
Dilation of one or both pupils
Inability to awaken
Seizures
Repeated vomiting or nausea
A severe, persistent, or worsening headache

Postconcussive syndrome refers to an
array of cognitive, physical, and emotional
symptoms that can occur following
mTBI.20-22 Patients with postconcussive
syndrome may complain of headaches,
postural imbalance, insomnia, memory
problems, fatigue, irritable or depressed
mood, or interpersonal conflict.17,23
Postconcussive syndrome is challenging
to diagnose using a detailed physical
exam or neuroimaging alone. It is often
the case, unfortunately, that misattributions
of underlying psychopathology prevent
postconcussive syndrome patients from
receiving appropriate care. The constellation
of cognitive, behavioral, and social
deficits common to TBI may impinge on
interpersonal relationships and family
support, thus complicating recovery.24
Table 2 lists characteristics of mild,
moderate, and severe TBI.16,19

Causes of Traumatic Brain
Injury

Common causes of TBI, both civilian
and military, include falls, motor-vehicle
TBI – traumatic brain injury
accidents, striking or being thrown
14
15
Sources: Centers for Disease Control and Prevention (May 2003); DePalma et al (2005);
against an object, or assault.7 In the OEF
Kahn et al (2003);16 Lew et al (2006)17
and OIF war zones, however, the most
Congress of Rehabilitation Medicine definition], moderate common sources of TBI are explosives and blasts.5,15,25,26
(≤ 6 hours), or severe (> 6 hours).18 Also accompanying TBI may Traumatic brain injury accounts for approximately 60% of war
be anterograde memory loss or posttraumatic amnesia, difficulty injuries caused by blasts.5
encoding new information following the injury. Posttraumatic
Explosives can take the form of conventional bombs or
amnesia may be mild (< 1 day), moderate (1 to 7 days), or enhanced-blast explosive devices.15 Conventional bombs cause
severe (> 7 days).16,19 Retrograde amnesia tends to follow the same a blast wave that spreads out around its point of origin. It is
or somewhat less of a time gradient as posttraumatic amnesia. initially a wave of high pressure which is followed by strong and
Not all TBI victims suffer from loss of consciousness or amnesia, forceful wind. Damage tends to increase as distance from the
but those with more
mild exposure to trauma Table 2.
may become dazed and Common Criteria for Determining the Severity of Traumatic Brain Injury
confused, characterized
Loss of
Brain
Posttraumatic Glasgow Coma
by difficulties with
Consciousness Functioning
Amnesia
Scale Score
orientation, perception,
≤ 30 minutes
Normal MRI and CT
< 24 hours
13-15
concentration, memory Mild TBI
Abnormal MRI and CT ≤ 7 days
9-12
encoding and retrieval, Moderate TBI ≤ 6 hours
Severe TBI
> 6 hours
Abnormal MRI and CT > 7 days
3-8
and judgment.14-16
Because an estimated TBI – traumatic brain injury; MRI – magnetic resonance imaging; CT – computerized axial tomography scan
80% of individuals Sources: Coetzer et al (2002);18 Kahn et al (2003);16 Sternbach (2000)19
sustaining TBI are
classified as mild (mTBI), it is often a condition that is not explosion decreases. Warfare in Iraq often uses explosive devices
readily apparent.12 Most mTBI patients make a rapid recovery, loaded with metal pieces which cause greater penetrating force,
suffer few postinjury complications, and, for these reasons, potentially causing penetrating injuries on top of closed injuries
often bypass acute medical attention or hospitalization. caused by blast waves. Enhanced blast-explosive devices can
Nevertheless, up to one-third of mTBI patients develop chronic present greater damage than conventional bombs because the
symptoms, and delayed symptom onset is not uncommon.11
initial explosion triggers a secondary explosion, spreading out
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force that lasts longer.15
Four basic types of injuries are caused by blasts: (1) primary
—over-pressurization of “blast wave”; (2) secondary—projectiles
based on proximity of primary blast; (3) tertiary—effects due
to wind, which may propel the victim into walls, the ground,
or other objects; and (4) quaternary—burns, asphyxia, and
exposure to toxic inhalants. (See Table 3.)14,15,25,27

manifest psychiatric presentations predating the TBI or in
response to the trauma.22,32 However, more research is required
to determine what post-TBI symptoms are due to mechanisms
of brain injury versus functional psychiatric involvement either
preceding or following the trauma
While extensive literature exists describing recovery from
blunt-force trauma due to motor-vehicle accidents or falls,7

Table 3.
Types of Blast Related Injuries
Category of Injury
Primary blast injury

Source of Injury
Overpressurization of blast wave

Secondary blast injury

Projectiles based on proximity of primary blast

Tertiary blast injury

Blast related wind impacting the speed and force
with which the body hits or is hit by objects
Random circumstances such as burns, asphyxia,
and exposure to toxic inhalants

Quaternary blast injury

Implications of Injury
Tympanic membrane damage; lung damage;
occipital rupture; concussion
Penetration of extremities (including the
head)
Fracture; amputation; closed or open brain
injury
Burns; closed and open brain injury;
breathing problems (eg, asthma; COPD);
exacerbation of cardiovascular risk factors
(eg, hypertension)

COPD – chronic obstructive pulmonary disease
Sources: Centers for Disease Control and Prevention (May 2003)14 and (December 2006)27; DePalma (2005)15; Finkel (2006)25

Screening at the Time of Potential Traumatic
Brain Injury
The most common initial screening tool is the Glasgow Coma
Scale. It includes questions on motor responses (6 grades), verbal
responses (5 grades), and eye-opening responses (4 grades). Lower
scale scores indicate greater likelihood of more severe TBI.28 Table
2 includes the scale cutoff scores for levels of TBI severity.16,19 A
copy of the Glasgow Coma Scale can be found on the Internet at
http://www.strokecenter.org/trials/scales/glasgow_coma.pdf.29
The Defense and Veterans Brain Injury Center (DVBIC) at
Walter Read Army Medical Center has developed a Military Acute
Concussion Evaluation assessment procedure for use in warzones.
The Military Acute Concussion Evaluation is based on the
Standardized Assessment of Concussion30 and includes more
detailed assessments of the incident leading to potential TBI and
current clinical status than occurs with administration of the
Glasgow Coma Scale. While not yet validated, a description of
this procedure is available on the DVBIC Web site at
http://www.dvbic.org/.31

Course and Recovery of Traumatic Brain Injury
Recovery from brain injury varies significantly by severity
group. Victims of moderate to severe TBI may suffer from
residual neurocognitive deficits for the remainder of their lives.
They can manifest amnesia, hyperdistractibility, and other
attentional deficits, language impairment, motor slowing and
incoordination, and changes in personality.11
Although most victims of mTBI suffering from PCS recover
over a 3-month to 1-year time frame, many do not.23 It has been
argued that those who do not recover their function typically

data and studies describing blast injury are limited.9 Whereas
blunt force trauma may be somewhat more focal due to coup
and contrecoup forces, blast injury may be more diffuse due to
primary overpressurized waves pervasively affecting the entire
brain; secondary and tertiary effects might furthermore create
more multifocal effects.15 There may also be an accumulation
of effects secondary to repeated blasts. Veterans may have been
exposed to multiple explosions, and while receiving only mild
postconcussive effects from one blast, a second or third blast of
equal force could result in more severe injury.9

Traumatic Brain Injury and Posttraumatic
Stress Disorder Comorbidity
Posttraumatic stress disorder (PTSD) frequently follows
exposure to blast and other TBI etiologies, and symptoms
frequently overlap with those observed following TBI.
Diagnostic discrimination between the two conditions may
therefore be challenging and complicate treatment formulations.
Furthermore, many brain areas typically affected in TBI such as
frontal, temporal, and subcortical regions are the same as those
putatively involved in PTSD symptom expression.33
Some authors have noted that the overlap between symptoms
of PTSD and TBI calls into question current diagnostic tools
for discriminating PTSD among TBI patients and thus requires
the development of new measures that can differentiate the two.
At a minimum, it is likely that symptoms from TBI compromise the
ability to cope with the stress of PTSD (eg, through disinhibition
of executive-control processes), and PTSD likewise compromises
the ability to navigate the cognitive and other manifestations of
TBI.34 Those with TBI may also have more severe PTSD.35
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Screening for Traumatic Brain Injury –
Department of Defense
Because mTBI may not have obvious outward symptoms,
and symptoms may overlap with other conditions,36 extensive
screening efforts are required. Starting in April 2003, all active
duty, reserve, and National Guard service members and
Department of Defense civilians deployed to a war zone have
been required to complete an in-person post-deployment
health assessment (PDHA) between 30 days before and 30 days
after redeployment away from the war zone. This process
includes a screening form (DD2796) that has 4 questions
about potential TBI.37 These address (1) experiences that could
lead to TBI (eg, explosion); (2) condition following the event
(eg, dazed, confused); (3) symptoms that began or got worse
after the event (eg, memory problems); and (4) symptoms
experienced in the last week. Patients indicating they were
exposed to an event and have had symptoms are then referred
for further evaluation.38,39 The screening forms and specific
questions mentioned in this section are available on the
Department of Defense Deployment Health Clinical CenterPDHealth Web site at http://www.pdhealth.mil/.
Since March 2005, it is required that returning service
members be offered a postdeployment health reassessment
(PDHRA) 90-180 days (preferably 120-150 days) following
redeployment. Individuals who were hospitalized must have a
PDHRA 90-180 days after discharge. This includes form
DD2900, which has the same 4 TBI questions described
above.40 Information from the PDHA and PDHRA, along
with the predeployment health assessment form DD279541
(completed within 60 days prior to deployment), is maintained in
the permanent medical record and Defense Medical Surveillance
System.38,42 A recent report summarizing results of the PDHRA
indicated a higher rate of self-reported mental health concerns
and referrals than that observed with the PDHA, suggesting
increased morbidity over time following deployment.42

Screening for Traumatic Brain Injury –
Veterans Health Administration
On April 2, 2007, a system-wide TBI Screening Clinical
Reminder was introduced into the Veterans Health
Administration (VHA). On April 13, VHA directive 2007013, Screening and Evaluation of Possible Traumatic Brain Injury
in Operation Enduring Freedom (OEF) and Operation Iraqi
Freedom (OIF) Veterans, was released based on the deliberations
of a dedicated task force.43 In this directive, it was noted that
“currently there are no validated [TBI] screening instruments
accepted for use in clinical practice.” The directive furthermore
cautioned that screening can lead to positive results due to
other postdeployment conditions (eg, PTSD).
The TBI Screening Clinical Reminder is part of the VA
Computerized Patient Record System (CPRS) and is designed
to be administered to all veteran VHA patients who separated
from active duty after September 11, 2001. It embodies a
branching pattern of inquiry that first determines whether a
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previous diagnosis of TBI has been established, and, if not,
whether (1) a plausible etiology for a TBI exists (eg, being near an
explosion); (2) posttraumatic neurological alterations followed the
etiological event; (3) postconcussive symptoms followed the
posttraumatic neurological alterations; and (4) postconcussive
symptoms persisted into the week preceding the evaluation.
Each of these branches (sections) of the clinical reminder is
evaluated only if the branch preceding it is true. Positive findings
for all 4 branches result in a positive screening result. If the
outcome is positive, then follow-up ensues.
A TBI Second Level Evaluation format was recently
implemented by VHA. Second-level screening probes in greater
detail (a) etiological variables such as number of, types of, and
parameters (eg, distance from blast) relating to events predicting
TBI severity; (b) neurological sequelae such as number of loss of
consciousness episodes, duration of longest loss of consciousness
episode, and number of episodes; (c) nondeployment TBI; (d)
pain documented as to location and degree of interference
with life; and (e) physical exam and medication review. The
practitioner signing the related progress note must be a
physiatrist, physical medicine and rehabilitation physician, or
neurologist who arrives at a final TBI diagnosis.

Traumatic Brain Injury Incidence Among
Veterans of Afghanistan and Iraq
Precise numbers describing the burden of TBI among OEF
and OIF veterans are not available. Estimates come from a variety
of sources. As of September 30, 2007 the Pentagon listed 4471
TBI diagnoses from OEF and OIF.44 However, this number
excludes cases of TBI not initially considered battle injuries.
According to the founder of the Congressional Brain Injury
Task force, more than 150 000 TBI instances have occurred
among approximately 1.5 million OEF/OIF participants.44
The rate of those who screened positive on the initial VA
TBI Screening Clinical Reminder is 20%.44 That does not mean
all of these patients actually had a TBI. This figure represents
those who screened positive for possible TBI, requiring further
diagnostic workup which may or may not indicate a TBI. This
rate is similar to that seen in at least one VA hospital in North
Carolina.
Many TBI sufferers, especially if untreated, may endure
medical, behavioral, and social consequences for many years—
perhaps even a lifetime.4,17,24,45,46 It is essential that health care
providers in the Department of Defense, VA, and private sectors
do their best to identify and appropriately treat TBI among
OEF and OIF veterans. NCMJ
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