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Case Report

Levetiracetam and Speech Therapy in Aphasia from
Penetrating Brain Injury.
Could it be the Way To Recovery?

Z Ayyoub, R Ben-Youssef

Adult Brain Injury Service, Rancho Los Amigos National Rehabilitation Center, Downey, California

Abstract

A previously healthy 26 years old right-handed man
sustained a penetrating brain injury (PBI) from gunshot
wound to the head. The bullet entered the right parieto-
occipital junction, traveled diagonally through the occipital
pole and ended in the left fronto-temporal lobe. He
developed right hemiparesis and global aphasia. e was
enrolled in speech therapy (ST), and was started on
levetiracetam (LEV) 500 mg twice daily (BID) for seizure
prophylaxis, then LEV was increased to 750mg BID.
After 8 days on LEV 750 mg BID the patient pronounced
the names of his children and answered questions
appropriately with verbal “yes™ and “no”. At discharge,
FIM scores in comprehension, expression, memory, and
social interaction had all improved from 2 to 4. He was
able to respond verbally at the 1-3 word level with 50%
accuracy and had shown improvement in auditory
comprehension and verbal expression. The patient was
kept on LEV 750 mg BID for 7 months. He had 50
outpatient ST sessions. At 9 months, he was able to read
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a paragraph he had written, and used a paper guide to
scan lines. His comprehension of the written language
improved to the sentence level, and his money
management skills improved to modified independent.
Conclusions: LEV appears to improve aphasia and
cognitive outcomes of PBI patients treated with ST. Large
prospective randomized trials are needed to contirm this
clinical observation and to establish treatment protocols
for PBI-induced aphasia that will incorporate ST and LEV.

Key words: Levetiracetam, aphasia, speech therapy,
penetrating brain injury, rehabilitation.

Introduction

Language and cognitive disorders are extremely common
complications following stroke and traumatic brain injury.
When they do not resolve, they become indicators for
poor long-term functional outcome '*. Acquired aphasia,
apraxia of speech and dysarthria often result in significant
disability and handicap *. Full recovery from aphasia is
uncommon and limits patients’ chances to live

independently in the community or rejoin the workforce
2-4

Aphasia is marked by an impaired ability to comprehend
or express language in its written or spoken form. General
categories include receptive, expressive, and mixed or
global aphasia. Aphasia affects about 1 in 250 Americans
(more than one million). More than 100,000 Americans
acquire the disorder each year. The majority of cases
result from stroke, and the remainder are due to severe
brain trauma, brain tumors, and neurodegenerative
disease’. Abdut 33% of surviving severe traumatic brain
injury patients develop aphasia®. In the penetrating brain
injury (PBI) population, this incidence ranges between
24% and 31% ©.

Treatment for aphasia is controversial. Several published
reports suggest that spontaneous biological recovery may
explain most of the improvement in speech and verbal
fluency seen in aphasics® ™!l Here, we present the case
of a patient with PBI induced global aphasia, and we
discuss the improvement of his language and cognition
after treatment with intensive speech therapy and adjunct
pharmacotherapy with levetiracetam (LEV). To the best
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of our knowledge, this is the first report about the impact
of LEV on recovery trom aphasia following PBI.

Case Report

A previously healthy 26 years old right-handed Hispanic
man sustained a civilian gunshot wound to the head. The
bullet entered the right parieto-occipital junction, causing
significant brain damage, and traveled diagonally through
the occipital pole toward the frontal pole to become lodged
in the left fronto-temporal lobe. He was initially intubated
and treated with entrance wound debridement, continuous
intracranial pressure monitoring and intravenous mannitol.
He also was treated with intravenous antibiotics for
acinetobacter pneumonia. The patient developed right
hemiparesis, and impaired cognition, in addition to severe
receptive and expressive aphasia. When he became
stable for rehabilitation, he was admitted to our
comprehensive rehabilitation center. As part of his
treatment program, the patient received daily 1-hour
sessions of speech and physical and occupational therapy
6 days a week, for 3 weeks. There was no evidence of
seizure activity throughout the first 2 weeks after the
PBI, and during the 21 days spent in the rehabilitation
unit. However, in view of the patient’s restlessness and
agitation, an electroencephalogram (EEG) was
performed. Tt demonstrated mild-to-moderate diffuse
slowing of brain activity, more prominent in the left frontal
lobe. Because of the penetrating nature of the brain
injury, the patient was started on progressively increased
dose of LEV for seizure prophylaxis. He initially received
500 mg twice daily (BID) by mouth for one week, which
was well tolerated. Subsequently LEV was increased to
750 mg BID.

On examination, the patient was alert but unable to
communicate in any modality, or to complete a review of
systems. Fle had a right hemiparesis with a motor strength
of 1-3/5 in the major muscle groups, worse in the upper
extremity. A head computed tomography scan (CT)
without contrast showed large bullet fragment with
metallic artifact in the left fronto-temporal lobe, with
edema surrounding the left periventricular region (Fig.
1A), in addition to an extended band-shaped hypodensity
in the right postero-parietal region representing the bullet
trajectory (Fig. 1B).

Review of patient’s premorbid condition indicated he had
12 years of relatively successful education (11" grade of
the US educational system) without any significant
academic problems. However, he dropped out of school
at the age of 16 to begin working in the construction field
to support his family. He also has a history of'illicit drug
use, in addition to many years of alcohol abuse. He was
married and had 2 children. His preferred language was
English.
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Fig 1A. Head computed tomography scan without
contrast showing large bullet fragment with metallic
artifact in the left fronto-temporal lobe with edema
surrounding the left periventricular region.

Fig 1B. Head computed tomography scan without
contrast showing an extended band-shaped hypodensity
in the right postero-parietal region representing the bullet
trajectory.

During the first few days in rehabilitation, the patient was
consistently aphasic and demonstrated minimal
comprehension when asked about his strength, mood and
general well-being. Initial functional independence
measure (FIM) scores for comprehension were 2,
indicating need for maximal assistance. For expression,
memory and problem solving he had FIM scores of 1,
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indicating need for total assistance. After 5 dayson LEV
500 mg BID, the speech therapists noted that the patient
was responding more accurately with head nodding and
shaking, however he remained non-verbal. FIM scores
for comprehension and social interaction remained at 2.
However, 8 days after increasing the LEV dose to 750
mg BID, the patient began to say the names of his wife
and children and started to answer questions appropriately
with verbal “yes™ and *no™. He also showed improved
accuracy with responses regarding his mood and general
well-being, production of some simple words and
increased smiling and laughing. FIM scores for
comprehension and social interaction increased from 2
to 3. On his 9" day on LEV 750 mg BID, the patient
accompanied his family and his therapists to a local park
as part of the treatment program. Upon return he was
able to verbalize that he “had a good time™. Within 11
days of the increased dose of LEV, the patient was able
to convey verbally that he wanted to resume sexual
relations with his wife. At discharge from rehabilitation,
the patient had been on LEV 750 mg BID for 14 days.
At that point, his FIM scores in comprehension,
expression, memory. and social interaction had all
improved to a score of 4, indicating need for only minimal
assistance. The patient demonstrated an ability to respond
verbally at the 1-3 word level with approximately 50%
accuracy and had shown steady improvement in auditory
comprehension and verbal expression.

From a motor standpoint, the patient’s initial FIM scores
for locomotion and transfers were 2 and 3, respectively.
They improved to 5 and 5 respectively at discharge,
indicating only need for supervision or set-up for safety.
The patient was able to ambulate at variable speeds, and
demonstrated appropriate balance and equilibrium
reactions. He was able to feed himself independently,
and only needed setup and some verbal cues for hygiene
and grooming and body dressing. The patient was
discharged to his home with his wife and children, and
was advised to continue taking LEV 750 mg twice daily.

Two weeks later, the patient scored 14/33 on the CASI-
S mini-mental status exam, demonstrating problems with
fluency, orientation and memory. Meanwhile, he was
enrolled in outpatient speech therapy 2 times per week
for a total of 50 sessions. At follow-up 9 months post-
injury, the patient’s memory, reading, and writing ability
have improved significantly. As part of his therapy, he
was able to read a paragraph he had previously written.
He spontarreously used a paper guide to help him scan
lines. His comprehension of the written language
improved to the sentence level, and his money
management skills improved to moditied independent in
functional settings.
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Discussion

Currently, the key treatment for aphasia is conventional
speech and language therapy. However, the efficiency
of this approach has not been decisively established and
the need for additional treatment options is there> 7%,
Pharmacotherapy of aphasia had been discussed for the
last two decades. However, of all the products used, only
a few drugs like piracetam, donepezil, and amphetamine
have shown some limited efficacy* * ™ *18.

On the other hand. 30% to 50 % of patients with PBI
develop seizures. Of those, 4-10 % develop the seizure
during the first week after injury, 80% within the first 2
years, and about 18% will only have seizures after 5 years
post injury or later!”'* ¥ Seizure activity in the early
post-traumatic period following head injury may cause
secondary brain damage as a result of increased
metabolic demands, raised intracranial pressure and
excess neurotransmitter release®. It is therefore
imperative for patients suffering from PBI to receive early
seizure prophylaxis with drugs such as phenobarbital,
valproate or with the newer product LEV2-21-22,

Levetiracetam is an S-enantiomer which derives from
piracetam. Both are cyclic pyrrolidone products that
derive from gamma-aminobutyric acid. LEV was initially
studied in animal models of cognitive impairment with
the primary objective of finding a drug more effective
than piracetam. However LEV was initially considered
to be more effective in preventing seizures?.
Investigations into the effect of LEV on fluency and
cognition have been performed in several studies, all of
which focused on patients with an established diagnosis
of epilepsy. Most comprehensively studied by Piazzini et
al® 70 patients with diagnosed partial epilepsy were
divided into two groups of 35 patients. Both groups
underwent a battery of neuropsychological tests twice,
at a 7 week interval, with one group testing before and
after receiving 7 weeks of a therapeutic dose of LEV.
The LEV group demonstrated improved cognitive function
and oral fluency which did not correlate with seizure
frequency. This observation has lead to the hypothesis
that the antiepileptic mechanism of LEV is distinct from
its effect on speech and attention. It has been suggested
that LEV may have an influence on the brain's metabolism
in areas devoted to attention and language similar to what
has been suggested with piracetam, the other pyrrolidone
derivative found to be associated with improved learning,
memory and attention. In fact, there is some evidence
that piracetam enhances glucose utilization and cellular
metabolism in the brain'> . Sechi and colleagues®
prospectively examined the effects of LEV on 5 patients
with partial epilepsy and distluent speech and found that
verbal fluency and speed of oral reading improved but
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also found that seizure frequency did not correlate with
this improvement. Furthermore, Hannon* had suggested
LEV appears to posses newer properties which
differentiate it from older anticonvulsant drugs. He
speculated LEV may prevent extensive neuronal loss and
associated axonal reorganization, known as fiber
sprouting, which is thought to be epileptogenic and lead
to additional neuronal death. Therefore, LEV seems to
play a dual neuroprotective role, probably relevant to its
anticonvulsant and antiepileptogenic action. This role is
similar to that of conventional antiepileptic drugs like
phenobarbital and valproate; however it comes with less
frequent and less severe side effects”. Additionally, LEV
does not require titration or drug level monitoring and it
has demonstrated rapid onset of action®.

The long-term effect of LEV on cognition and quality of
life was examined by Lopez-Gongora et al®. Twenty-
seven epileptic patients were found to have improved
memory, verbal fluency and quality of life at one year on
2000 mg of LEV daily. Our patient was initially started
on LEV for seizure prophylaxis and not with the intention
to treat his aphasia. However our clinical observation
suggested an improvement in patient motor speech,
fluency, and cognition after starting him on LEV, and more
precisely after increasing the dose to 750 mg BID (about
22 mg/kg of patient's 70 kg body weight). At present, the
guidelines for management of PBI do not recommend
prophylaxis of late post-PBI epilepsy™, however in view
of the considerable improvement observed of our patient's
aphasia and cognitive function, which was thought to be
due in part to LEV, we kept the patient on LEV during
the whole length of the outpatient treatment program;
about 7 months. The idea of dose-effect correlation of
LEV and piracetam has been previously described in
animal studies®. In fact, while piracetam improved the
learning and memory of the studied mice at 10 mg/kg,
LEV was only effective at higher doses (17-54 mg/kg).
However, prospective research is needed to characterize
this relationship in more detail and to establish disease-
specific therapeutic ranges.

Finally, the excellent functional outcome of our patient
could be due in part to the limited extent of cerebral injury
and to the limited total brain volume loss from the low
velocity civilian missile, as shown on the CT scan images
(Fig 1A, B), and as reflected on the EEG results, which
did not show any anterior temporal or central spike foci,
or any significant focal slowing. The latter anomalies are
more frequently seen in war casualties from very high
velocity military ammunition, and are almost always
associated with more severe brain damage, post PBI
seizures, Broca's aphasia, and focal neurologic deficits,
in addition to rare motor and cognitive recovery rates®'.
The type of diffuse EEG slowing that was seen in our
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patient is very common in the first few weeks after PBI,
and its incidence usually drops rapidly within the next six
months following the injury?'.

Conclusion

While LEV was shown to improve the cognition and
fluency of epileptic patients, LEV also appears to improve
aphasia and cognitive outcomes of PBI patients treated
with intensive speech therapy. Whether this effect is the
result of metabolic changes in the injured brain tissue,
and whether this role depends on the dose of LEV used,
is beyond the scope of this report. However, large
prospective randomized trials are needed to confirm this
clinical observation, and to establish treatment protocols
for PBI induced aphasia that will incorporate intensive
speech therapy and LEV.
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