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Traumatic Brain Injury In The War Zone
By Susan Okie, M.D.

Sergeant David Emme, a supply officer with a UigyAStryker Brigade, was stationed at a submachine
gun on a truck rolling through northern Iraq lasbiember, in a convoy transporting Iraqi volunte&rs
Mosul for military training. As they entered thewmio of Talafar, Emme noticed that the streets were
unusually quiet: no children were outdoors runniogvard the vehicles demanding sweets. Emme got on
the radio and warned others in the convoy: "Sonmgthmight happen. They might have some plan for us.”
Moments later, as they slowed at a traffic ciran,improvised explosive device (IED) went off rigéxkt to

Emme's truck, knocking him out.

Emme's version of what happened next is patcheztheg from his own memories and what others told
him later. "I remember waking up and wondering wh hell | was, where the hell | was, and why can't
see or hear? My soldier was screaming for me t@getf the truck and | told him no, because itthoo

much. So he literally threw me out of the truck giiied me to a Stryker," a lightweight armoredigigh

The blast wave and fragments from the explosionitdadn out Emme's left eardrum, fractured his skull
injured his left eye, and caused a severe contusithre left frontotemporal area of his brain. ow
soldiers rushed him to the nearby military basegnethe partially regained his vision and tried tdkw
before again losing consciousness. He was medieaiiguated, first to a combat support hospitalatag
and then to one in Baghdad. There, neurosurgeafaiped a craniectomy, removing a large piece ofisk
from the left temporal region to give Emme's braiom to swell §ee diagram). They implanted the bone
under the subcutaneous tissue of his abdomen, ¢ptipint it could be replaced later — if Emme surdive

He remained unconscious and remembers nothing aimstops in these hospitals.
"The next time | come to, I'm at Walter Reed — ik® days later," he recalled.

Emme spent about six days in the intensive care sminetimes mistaking nurses for CIA agents or
believing he was back in Baghdad. Then he wasfeenesl to a room in ward 58, the neuroscience ainit
Walter Reed Army Medical Center in Washington, DA€some point, he became alert enough to realize

that he was having difficulty speaking.

"I called for the nurse. . . . | kept on just tryito say something, but | couldn't really say amgh' Emme
recalled. The nurse asked him questions and wpégdntly for him to answer. Finally, she left toeck on
other patients. About a half hour later, she retdrand Emme managed to articulate his message: "My

head hurts."
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In the five months since then, Emme, 32, has maedenarkable recovery from his severe brain injttg.is
a clean-cut young man with expressive brown eyssaaed left cheek, and a depression on theitkftaf
his head where the missing piece of skull hasg/bttreplaced. (That will be done after surgeamisHi
reconstructing his tympanic membrane.) His visian teturned almost to normal. With time and intemsi
therapy, his speech and cognitive function havendtically improved. "Basically, | had to learn what
things were again,” Emme explained. Then he cardebimself: "I knew what they were — | just didn't

know what the names of them were."

Laura W. Battiata, Emme's speech and languageptiseraaid that when Emme was first evaluated, &y d
after his injury, his speech was limited and nos#&e, and he could not understand or follow conasan
During the ensuing week, this profound receptive expressive aphasia rapidly resolved as the brain
swelling abated. Once his language deficits hadanrgd, Emme's therapists were able to test hisitogn
skills and found that the traumatic brain injunB(Yhad led to defects in reasoning, memory, amdbigm
solving. Emme embarked on daily cognitive-theragsstons and attended group sessions three times a

week.

"Typically, we'll work on deductive-reasoning taskasic problem-solving tasks," Battiata explain&d.
patient might be asked to do math exercises, galzeles, plan a trip or a meal, or complete a hoonkw
assignment. "We know that counseling and givingepéd some strategies to use is beneficial," Battia

added. "Whether it improves their rate of progréssink, is not well known."

Emme got better much more rapidly than many ofiats patients with TBIs, some of whom have
severely impaired function and show little progreédse said his residual cognitive defects are rifdme’s
headaches have abated, and he has begun takiagecoburses online. Although crowds make him
uncomfortable, he has started to socialize, vemguoiut of his room on the hospital campus: recehtty
attended the opening game of the Washington Ndtidraseball team with friends. He speaks fluently a
eagerly now, occasionally resorting to circumlooativhen a word eludes him. During a tour of the
Pentagon in December, Emme was excited to meetWalfibwitz, then the deputy secretary of defense.
Afterward, he recalled with amusement, "I was tgjlpeople about it and | was like, “Yeah, | wentloat .

.. well, wenton...|wenttothe, uh. lage that had the big bang when they flew plantsiin"

Among surviving soldiers wounded in combat in leagl Afghanistan, TBI appears to account for a large
proportion of casualties than it has in other ré¢&S. wars. According to the Joint Theater Trauma
Registry, compiled by the U.S. Army Institute ofr§ical Research, 22 percent of the wounded soldiers
from these conflicts who have passed through thiganyis Landstuhl Regional Medical Center in Genya
had injuries to the head, face, or neck. This peegge can serve as a rough estimate of the fraatian
have TBI, according to Deborah L. Warden, a newistcand psychiatrist at Walter Reed Army Medical
Center who is the national director of the Defesusé Veterans Brain Injury Center (DVBIC). Wardeidsa
the true proportion is probably higher, since saames of closed brain injury are not diagnosed ptigm
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In the Vietham War, by contrast, 12 to 14 percdraliccombat casualties had a brain injury, and an
additional 2 to 4 percent had a brain injury pldsthal wound to the chest or abdomen, accordirigamald
Bellamy, former editor of the Textbooks of Militaledicine, published by the Office of the Surgeon
General of the U.S. Army. Bellamy said that becausetality from brain injuries among U.S. combatant
in Vietnam was 75 percent or greater, soldiers Witfin injuries made up only a small fraction o th

casualties treated in hospitals.

Kevlar body armor and helmets are one reason &high proportion of TBIs among soldiers wounded in
the current conflicts. By effectively shielding thvearer from bullets and shrapnel, the protectaar dias
improved overall survival rates, and Kevlar helntetge reduced the frequency of penetrating headiés;.
However, the helmets cannot completely protectdhe, head, and neck, nor do they prevent the dind
closed brain injuries often produced by blastsinssirgents continue to attack U.S. troops in Imagst

brain injuries are being caused by IEDs, and cldsath injuries outnumber penetrating ones among
patients seen at Walter Reed, where more than dtinps with TBI were treated between January 2003
and February 2005. All admitted patients who hasenbexposed to a blast are routinely evaluatedrfon
injury; 59 percent of them have been given a diagnof TBI, according to Warden. Of these injuries,

percent are considered moderate or severe, andrddm are mild.

A blast creates a sudden increase in air presgunediting and accelerating air molecules and, iniabelg
thereafter, a sudden decrease in pressure thaiggedhtense wind. These rapid pressure shiftinjare
the brain directly, producing concussion or cordasiAir emboli can also form in blood vessels aad¢l
to the brain, causing cerebral infarcts. In additiolast waves and wind can propel fragments, Isodie
even vehicles with considerable force, causing lwgades by any of these mechanisms. Approximagely

to 25 percent of persons with blast-related inpidee.1

U.S. soldiers in Irag and Afghanistan who haveaseribrain injuries receive immediate care on the
battlefield and are then transported to militarynbat support hospitals, where they undergo braaging
and are treated by neurosurgeons. Treatment miydathe removal of foreign bodies, control of lolieeg,
or craniectomy to relieve pressure from swellingpBnding on their condition, these soldiers areexadly

transferred to one of the DVBIC's eight participgtl).S. hospitals for assessment and treatment.

At Walter Reed, the severity of a TBI is assesseth@ing to the duration of loss of consciousnesk a
post-traumatic amnesia, according to Louis M. Fneacneuropsychologist who is the DVBIC's clinical
director. A mild TBI (which is usually not asso@dtwith visible abnormalities on brain imagingpise

that causes loss of consciousness lasting lesslthanr or amnesia lasting less than 24 hours. daraie
TBI produces loss of consciousness lasting betvessmd 24 hours or post-traumatic amnesia for one to
seven days. Injuries causing loss of conscioudioessore than 24 hours or post-traumatic amnesia fo
more than a week are considered severe. In magestioance images from patients with moderate or
severe TBIs, punctate hemorrhages may be visilileeirorpus callosum or other regions, and therelea
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other evidence of bleeding or swelling.

Pathological studies in brain-injured animals (dmited postmortem studies in humans) suggestTBas
typically cause damage to nerve axons in many arkethe brain. Although it is unclear what initiate
axonal damage, it begins within minutes after ttjery occurs, develops over a period of hours fewa
days, and leads to the degeneration of some adistea! projections and to diffuse loss of synaptic
terminals. This loss of neural connections may teatiany of the symptoms associated with brainrieg)
and the gradual replacement of lost synapses bypitueiting of nearby, undamaged axons probably
underlies the recovery process.2 Excitotoxicity aridlative stress have been suggested as possible
mechanisms of cell injury. In addition, in moderatel severe TBIs, hemorrhages, contusion, andyeess

caused by swelling may also contribute to tissueaige.

Soldiers with TBI often have symptoms and findiadfecting several areas of brain function. Headache
sleep disturbances, and sensitivity to light andeéare common symptoms. Cognitive changes, diaghos
on mental-status examination or through neuropdggital testing, may include disturbances in attant
memory, or language, as well as delayed reactina tiuring problem solving. Often, the most troufplin
symptoms are behavioral ones: mood changes, dépreasxiety, impulsiveness, emotional outbursts, o
inappropriate laughter. Some symptoms of TBI oyewdgth those of post-traumatic stress disorder, and

many of French's patients have both conditions.

"We are working with a population that tends toybeng and healthy going into this, so they're yella
good position to recover,” French said. "But corgting things, these people have been hurt in
complicated and terrible ways. Certainly, if peopét even a mild TBI under circumstances of extreme

stress," especially if it is accompanied by otimgurries, "that might well affect the outcome."”

Last May, Staff Sergeant Jason Pepper experiehesiiif force of an IED that exploded in a tree tnex
his armored personnel carrier in Karbala, Iragkilid of detonated in my face,” Pepper explaingthe"
signature of the heat and the shrapnel took outighy eye. The heat and the compression took outefty
eye. From the blast itself, | had a small skultfuze on the left side, a subdural hematoma, plusiised
brain. A right forearm that was completely shatiesiethe elbow and wrist . . . and then, in my hefind is a

mixture of plates, pins, screws, rods, and laciimg w- basically an Erector Set in the making."

Surgeons at a combat support hospital in Baghdad&sted Pepper's eyes: "There was nothing left for
them to save,” he said. After undergoing severataons in Iraq, Pepper arrived at Walter Reecakw
after he was injured and has been receiving tra@tamed rehabilitation there for much of the pastryéle
lost his left index finger, so surgeons have beduitding his hand by transplanting the middle &ngnd
releasing tendons to give him a pincer grasp. Betvaperations, he attended occupational-therasjoses
intended to improve his dexterity, aid his recovieoym a moderate TBI, and develop his visualization

skills.
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Pepper, 28, who was a combat engineer, has clopped brown hair and an athletic build, and hefihig
way around with the aid of a white cane. His musieene and his wry sense of humor charmed cartbonis
Garry Trudeau, who wrote Sergeant Pepper into atfi@sbury" strip after visiting Walter Reed. Pepper’
hobbies used to include video games and softbddiw;" he said, "I sit there listening to XM radidis

wife, Heather, complains that he doesn't want togtcanymore. He has multiday migraines and haegb

left alone.

French noted that for soldiers like Pepper who rau#tiple injuries, recovering from a TBI can concple
the process of rehabilitation because of the brgimy's effects on mood and cognitive functiorf.ybu're
trying to do blind rehab and you're relying on aodi memory, your attention had better be intaotjry

auditory memory had better be intact,” he said.

Pepper will be transferred soon to the Edward HineW¥A Hospital near Chicago, where he has chésen
undergo an intensive blind-rehabilitation progrdmatts likely to last two months or longer. Papants
live in private rooms in a dormitory and receivaitiing for at least seven hours a day on oriemaditd

mobility, manual skills, sensory skills, daily Ing skills, and computer access.

For Pepper, Emme, and other soldiers with TBIsraMaing some of the lingering effects of brain myju
may take longer than recovering from other woublds:tors help them to manage headaches and sleep
disorders; therapists work with them to overconfiadilties with memory or concentration. Wardendsai
stimulants such as methylphenidate or dextroampiietaare commonly used to treat problems with
attention or information processing, and selectim®tonin-reuptake inhibitor antidepressants ameesiones
prescribed for irritability or angry outbursts. Yebate is frequently prescribed because it carffbetve

both for migraines and for behavioral symptoms.

Most adults with a mild TBI recover completely witta year, but moderate and severe TBIs are mkebyli
to cause lingering effects. An estimated 5.3 milllamericans are living with disabilities that resal from
TBIs, according to the Centers for Disease Cormnal Prevention. Warden said many patients with such
injuries who are treated at Walter Reed are abtetton to active duty; others retire from the taily and
receive medical disability payments. The Departnoéideterans Affairs is now planning for the large
influx of veterans with TBIs from the current caofs who will need continuing care during the cogin
years. "These are people who are going back inte@mmunities all across the country, who are
potentially going to be struggling,” said Wardelkie&p in mind, these patients, because of the nafure

their brain injuries, can be the ones at highe&tof falling through the cracks."

French said that Pepper and Emme have had betteratferage recoveries so far, in part becausesdtfgey

highly motivated and are working hard at their tali@tion programs.

"Not all of them recover," noted Colonel Jean Daile nursing supervisor on the neuroscience unitah
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wear on you." Dailey added that nurses on herhait higher turnover rates than those on the rad'spit
orthopedic ward, which chiefly treats soldiers withb injuries. Unlike the young amputees, she said
"these guys' personalities are not the same" asd#fey were injured. In fact, she says, "they mawyer be
the same."

Dr. Okie is a contributing editor of the Journal.
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