Meshkini A, et al, J Anal Res Clin Med, 2015, 3(2), 118-25.
doi: 10.15171/jarcm.2015.018, http://journals.tbzmed.ac.ir/JARCM TUOMS

Group
(!) CrossMark
4= click for updates o . .
Original Article

Comparison of levetiracetam versus phenytoin for seizure prophylaxis
in patients with traumatic brain injury: A meta-analysis

Ali Meshkini', Morteza Ghojazadeh?, Ardalan Golbahar-Haghighi*’, Vahideh Zarea-Gavgani’, Sepideh Lotfi-Sadigh®

! Professor, Road Traffic Injury Research Center, Department of Neurosurgical Sciences, Imam Reza Teaching Hospital, Tabriz University of
Medlical Sciences, Tabriz lran

? Associate Professor, Liver and Gastrointestinal Disease Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

? Student of Medlicine School of Medlicine, Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran

* Assistant Professor, Department of Mediical Library and Information Science (DMLLS), School of Management and Mediical Informatics,
Tabriz University of Mediical Sciences, Tabriz, Iran

Article info Abstract

Article History: Introduction: Phenytoin (PHT) is used for seizure prophylaxis in patients with traumatic
Received: 07 Nov. 2014 brain injury (TBI). However, levetiracetam (LEV) is emerging as an alternative. Hence in
Accepted: 25 Feb. 2015 this study, we aimed to conduct a meta-analysis comparing these two drugs in patients
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Methods: A systematic search in electronic databases was performed. Studies consistent with
our purpose (comparing LEV vs. PHT for the prevention of seizures in TBI patients) were
selected for our meta-analysis. We extracted data of all eligible studies on a standard
abstraction sheets. Extracted data included patient’s demographics, study type, intervention,
and outcome. We defined seizures as primary outcome.

Results: 1184 unduplicated papers identified by our search of which 1106 were excluded by
reading the abstract and titles. 72 papers were removed by reading the full text. Finally 6
studies (Cohort studies) were selected for analysis. There is no superiority of either these two
drugs at preventing of seizures based on the point estimate’s odds ratio (OR) = 1.1
[95% confidence interval (CI) = 0.55-2.20].

Conclusion: PHT and LEV showed equal efficacy in prevention of seizures after TBI.
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Introduction

Traumatic brain injury (TBI) is common among
individuals 45-year-old or younger and is the
leading cause of death in this population.!
However, there is much morbidity associated
with TBIL.2 Neurological damage after TBI is
often referred to secondary injuries, including
post-traumatic seizures (PTS), which has its
own sequelae such as hypoxia, increased
intracranial pressure, hypoxia, and cardiac
arrhythmias.?5 These seizures can be classified
as early (within 7 days of the injury) or late
(more than 7 days after the injury).6”

The incidence of PTS ranges from 2 to 30%
for early PTS (£ 7 days from injury) to 9-42% for
late PTS (> 7 days from injury).38° Any of the
complications mentioned may lead to
worsening clinical outcomes.’011 Moreover,
seizures in this setting could be considered as
predictor of the future development of
epilepsy. The prevalence of post-traumatic
epilepsy is approximately 6% of all epilepsies.12
In a study done by Annegers et al., up to 11.5%
of patients developed epilepsy 5 years after
severe civilian TBL.3 Therefore, high prevalence
of post-traumatic epilepsy, the awareness of the
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high incidence of seizures after TBI and
contribution of seizures to secondary injuries
highlight the importance of preventive anti-
epileptic medication by means of prophylactic
anti-epileptic drugs (AEDs) in this setting.1214-16

The Brain Trauma Foundation Guideline
recommends the use of anticonvulsants for 7
days to prevent early seizures in patients with
risk factors associated with PTS (level 2
evidence).” These risk factors are the following:
Glasgow coma scale (GCS) score < 10, cortical
contusion, depressed skull fracture, subdural
hematoma, epidural hematoma, intracerebral
hematoma, penetrating head wound, seizure
within 24 h of the primary injury, and chronic
alcoholism.3817.18 However, administration of
prophylactic anticonvulsants is not
recommended to prevent late seizures. Several
anticonvulsants have been studied to
determine whether early use after TBI can
reduce the chance of further brain injury and
epileptogenesis.’” Schierhout and Roberts
(@ Cochrane review study) stated that there is
no evidence that prophylactic anticonvulsants
use have any influence on mortality or long-
term outcomes such as neurological disability,
but they decrease incidence of early PTS.?

According to the Trauma Brain Foundation
Guidelines [endorsed by the American
Association of Neurological Surgeons Joint
Section on Neurotrauma and Critical Care, the
World  Health  Organization’s (WHO)
Committee on Neurotrauma, and the Congress
of Neurologic Surgeons] anticonvulsants are
indicated to decrease the incidence of early
PTS. However, early PTS is not associated with
worse outcomes.”

Conventionally, phenytoin (PHT) has been
choice for PTS prophylaxis.’* Temkin et al.
concluded that PHT was effective at prevention
of early PTS [relative risk (RR) = 0.33; 95%
confidence interval (CI) = 0.19-0.59] and was
not effective for late PTS (RR = 0.66; 95%
CI = 021-2.06).18 Although PHT is well
documented as an effective prophylactic agent
in early PTS, it has several rare but high-profile
adverse effects such as rash; blood dyscrasias;
dermatological events (i.e., Stevens-Johnson
Syndrome, epidermal necrolysis); Cytochromes
P450 (CYP-450) induction; fever; and

hypersensitivity syndrome.92* In addition,
PHT requires close serum level monitoring,
which is affected by decreased protein binding,
variable gastrointestinal absorption, and
increased drug clearance, to maintain a narrow
therapeutic window.202527

Considering these facts, the alternative
prophylactic agent should be sought.
Valproate could not be a good alternative
because it needs serum monitoring as PHT.
Besides not only it has similar side effects,
but also it increases the mortality rate
among valproate-treated PTS patients.282
Carbamazepine as investigated by Glotzner
et al., has similar side-effect profiles and also
need serum monitoring as PHT dose.3

Another alternative for PTS prophylaxis is
levetiracetam (LEV). LEV could be a good
choice because of its advantages such as fewer
side-effect profiles, neuroprotective effects,
excellent bioavailability, simpler dosing
schedule, and no significant pharmacokinetic
interactions.2313¢ Two recent studies of cost-
effectiveness analysis and cost-minimization
analysis both concluded that LEV is less cost-
effective than PHT, for PTS prophylaxis.353¢

Conflicting outcomes have been reported in
the studies comparing LEV and PHT for
prophylaxis of PTS. LEV have same early PTS
rate as PHT does; however, more abnormal
Electroencephalography (EEG) findings were
reported in patients treated with LEV versus
PHT.¥38 Although it was reported that LEV is
associated with better long-term outcomes,* in
a recent study, Gabriel and Rowe showed that
there is no difference in long-term outcome for
patients received LEV or PHT as a PTS
prophylaxis.* Considering these conflicting
results from different studies we aimed to
conduct a meta-analysis of previous studies
comparing the efficacy of LEV and PHT in
patients with TBIL.

Methods

A computerized literature search was
performed on Medline (1966-2014), Embase
(1947-2014),  Scopus  (1966-2014) and
Cochrane (1993-2014) for all comparative
studies and conference abstracts for studies
comparing prophylactic effect of LEV to PHT
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among patients with TBI. We used following
keywords including their truncations,
abbreviation, synonyms and subsets in our
search strategy: PHT (Dilantin), LEV
(keppra), seizure (epilepsy), brain (head)
injury (TBI, craniotomy) using a combination
of medical subject headings (MESH) terms
and text words searches for synonyms and
related diseases. Several search strategies
were constructed to maximize the number of
citations generated. Current study followed
the guidelines of the meta-analysis of
observational studies in epidemiology
(MOOSE) group and preferred reporting
items for  systematic reviews and
meta-analysis (PRISMA) criteria.?

The title and abstract of all potentially
relevant studies were identified for their
contents before the retrieval of full articles.
Full articles were scrutinized for the
relevance if the title and abstract were
ambiguous. Furthermore, papers without
abstracts but whose titles suggested that they
could be related to the objectives of this
review were also selected, thus, the full texts
could be screened for eligibility. The search
ended in November 2014. Two reviewers
independently screened all studies and
selected articles that satisfied the inclusion
criteria; (a) Comparative study (Cohorts,
observational studies), (b) The study
population consisted of patients with TBI or
craniotomy for TBI, (c) The study compared
PHT to LEV and (d) The study reported
outcomes of seizures and/or side effects.
Studies used combination therapies instead
of PHT and LEV monotherapy were excluded
unless there were separate arms for
monotherapy. We aimed to include
observational studies. Disagreements were
resolved through group discussion with a
third author and consensus discussions. On
the other hand, non-English were excluded.
Case reports, letters, and historical reviews
were excluded.

We used a worksheet to retrieve information
about all studies that qualified for final
inclusion. Data sheets were designed based on
previous studies focusing on the similar issue
and PRISMA guideline. The extraction was

checked by another author independently.
Extracted information consists of study
characteristics,  population  characteristics,
operational definitions, and outcomes. For
missing information needed emails were sent
to the corresponding or first author.

Outcome information was collected for
seizures. “Early” seizures defined as number
of patients that experienced a seizure within
a given time interval as defined by the
author. If the time intervals varied, we took it
to be from injury till discharge or within 30
days. Since there is no consensus on the
definition of “early seizures” as seizures
occurring within 7 days. We defined “Late
seizures” as the number of patients
experienced a seizure at 6 months follow-up.

Newcastle-Ottawa scale (NOS) was used
to assess the quality of eligible studies. This
scale grades each study on three domains;
selection (maximum of 4 stars), comparability
(maximum of 2 stars) and outcome
assessment (maximum of 3 stars).

Primary outcomes were early and late
seizures. Meta-analysis was performed on the
data when more than one study was
available for data. Odds ratio (OR) was used
for summary effect estimate with 95% of CI.
We used random effects model, and Forest
Plots generated. We assessed for statistical
heterogeneity using Cochran’s Q statistic and
the 12 statistic. P < 0.100 or an 12 value = 50%
was considered as evidence of heterogeneity.
Publication bias was assessed by the Egger
test and visual inspection of the Funnel plot
(Figure 1). P < 0.050 was considered as
evidence of significant publication bias.
Analyses were performed using
comprehensive meta-analysis (CMA)
(version 2.26) software.

Results

We identified 1497 studies initially by our
search strategy (Figure 2). 313 studies
removed for being duplicates. By screening
titles and abstracts, 1106 studies were
removed, and 78 studies were selected for
retrieving the full text. 6 studies from these
studies were selected to be eligible for our
meta-analysis. We contacted authors for

120 JARCM/ Spring 2015; Vol. 3, No. 2



Meshkini, et al.

further information when necessary. We
limited our analysis to early and late seizure.
6 studies reported this outcome, were
selected for our analysis.3+374043 All studies
had sufficient quality for including in the
analysis (Table 1).

Characteristics of the studies are presented
in table 2. They are all recent publication from
2008-2014 and were conducted in USA. Total
study population was 1523 patients with TBI.
Mean age was 47.2 year for patients received
PHT and 46.8 year for LEV group. 70.4% of
patients in PHT group were male compared to
68.8% in LEV group. Seizure occurrence

defined as primary outcome, was assessed at
intervals ranged from 7 days to 30 months. In
Caballero et al#2 study continuous EEG
monitoring was performed till discharge.

6 studies reported seizures. Studies follow-
up intervals ranged from 7 days to 30 months.
Considering point estimate no superiority of
either drug at preventing early seizures was
demonstrated (Figure 3). The point OR was 1.1
(95% CI: 0.55-2.20). Also, no heterogeneity was
found. Cochran Q statistic P = 0.488 and the 12
value was 0.001. Publication bias was assessed
by the Egger test and visual inspection of the
Funnel plot (Figure 1).

Funnel Plot of SE by Log OR

Figure 1. Funnel plot of standard error by log odds ratio
SE: Standard error; OR: Odds ratio

«Number of unduplicated paper

*Number of eligible studies

*Number of studies retrived by predefined search strategy in electronic databases

* Number of studies needed fulltext for deataled review

Figure 2. Study selection flow chart
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Table 1. Quality assessment of eligible studies

Type
Gabriel and Rowe™ Cohort
Jones et al.*’ Cohort
Inaba et al.* Cohort
Kruer et al.** Cohort
Caballero et al.*? Cohort
Milligan et al.*® Cohort

" Selection
*kkk

**kx
*kk*k
*kk*k
*kk*k

*kk*k

Outcome/exposure
**k*k

' Comparability |
*

*kk
*kx
*kx
*kx

*kx

Table 2. Characteristics of eligible studies included in the meta-analysis
Analyzed

Mean age

Outcome

. o .
Study Ct?,un POthIa; ion ears AEEs ] atients seizure asigfszsg(;eat
y yp LEV __PHT LEV PHT LEV PHT LEV
Jones 30 23
st al USA  Severe TBI 346 33.2 (750) (73.0) 41 32 0 1 7 days
Milligan Supratentorial 99 41 7 days and 900
etal® ST surgery Y Bae (47.0) (39.0) 2 s s days
Inaba 280 300
ot 2] 2 USA  SevereTBI 536 517 (688) (73.9) 407 406 6 6 990 days
Kruer 76 19 7 days and
ot al 41 USA  AcuteTBI 431 341 (85.4) (95.0) 89 20 1 1 T
Continuous
monitoring till
Calle e TBI 450 s70 > Yo7 18 21 5 discharge (at
etal. (75.0) (77.8)
least 1 day for
30 min)
Gabriel
and USA TBI s68 488 0 3 44 5 3 o [Uaysandl80
Rowe® (71.4) (60.0) days or later
PHT: Phenytoin; LEV: Levetiracetam; TBI: Traumatic brain injury
Meta-analysis
Statistics each study OR and 95% CI
Model Study Lower Upper
OR limit limit z P
Jones et al¥  0.253 0.010 6.421 -0.833 0.405 .
'\é't'gf]?? 4.657 0.582 37.256 1.450 0.147 .
lanbaetal®®  0.998 0.319 3.119 -0.004 0.997 +
Krueretal.®  0.216 0.013 3.607 -1.067 0.286 .
Cgtbg:'f{ ° 1.071 0.339 3.380 0.116 0.907 4*—
Gabriel ¥
a 3.348 0.146 76.775 0.756 0.450 ‘
and Rowe
Fixed o 01 1 100
1.103 0.551 2.206 0.277 0.782

Favours A

Meta-analysis

Figure 3. Forrest plot of studies reporting early seizures
OR: Odds ratio; Cl: Confidence interval

Discussion

Based on our meta-analysis, we found no
significant difference between LEV and PHT
in the effectiveness of seizure prophylaxis in
patients with TBIL. It was consistent with
results of previous studies in this filed.1444
TBI poses a major health and socioeconomic

problem throughout the world today.4>

A seizure is known as one important
complication of TBI. Annegers et al. reported
that during the 1st year of post-injury < 1% of
patients with mild TBI and 6% of patients
with Severe TBI developed seizure.® Temkin
et al. reported a 2-year seizure rate of 21% in
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patients with severe TBI.1>

Currently, PTS prophylaxis during the
first 7 days after TBI is a part of Brain Trauma
Foundation Guidelines and is endorsed by
American  Association of Neurological
Surgeons, Congress Neurological Surgeons,
and the American  Association  of
Neurological Surgeons-Congress of
Neurological Surgeons Joint Section on
Neurotrauma and Critical Care. The AED
that has been the best choice is PHT.

The effectiveness of PHE in seizure
prophylaxis in patients with TBI is well
documented and widely accepted.141518
However, it has its own drawbacks such as
side-effects and complication especially on
long-term uses.19-24282946 Other AEDs such as
phenobarbital, carbamazepine, and valproate
have been studied for seizure prophylaxis,
but no additional benefit was demonstrated
with these AEDs.283047 Recently LEV has been
of particular interest. Recent studies on LEV
demonstrated that not only it could be a good
choice for PTS prophylaxis, but also it has
neuroprotective effects.243233

Based on our meta-analysis, we found no
significant difference between LEV and PHE
in the effectiveness of seizure prophylaxis in
patients with TBI. It is consistent with

References

1. Rutland-Brown W, Langlois JA, Thomas KE, Xi
YL. Incidence of traumatic brain injury in the United
States, 2003. J Head Trauma Rehabil 2006; 21(6):
544-8.

2. Ling GS, Marshall SA. Management of traumatic
brain injury in the intensive care unit. Neurol Clin
2008; 26(2): 409-26, viii. Available from:
http://dx.doi.org/10.1016/j.ncl.2008.02.001

3. Bullock MR, Povlishock JT. Guidelines for the
management of severe traumatic brain injury.
Editor's Commentary. J Neurotrauma 2007;
24(Suppl 1): 2. Available from:
http://dx.doi.org/10.1089/neu.2007.9998

4. Treiman DM, Meyers PD, Walton NY, Collins JF,
Colling C, Rowan AJ, et al. A comparison of four
treatments for generalized convulsive status
epilepticus. N Engl J Med 1998; 339: 792-8.

5. Vespa PM, Miller C, McArthur D, Eliseo M,
Etchepare M, Hirt D, et al. Nonconvulsive
electrographic seizures after traumatic brain injury
result in a delayed, prolonged increase in intracranial
pressure and metabolic crisis. Crit Care Med 2007;
35(12): 2830-6.

results of previous studies in this
tield.14344044 Gabriel and Rowe claimed that
patients with TBI treated with LEV was less
likely to experience complications during
hospitalization than PHE.3* The same, we
found that patient in LEV group experienced
fewer complications than those in PHE
group did.

In this meta-analysis comparing the
efficacy of LEV versus PHT for the
prevention of PTS, no superiority of the
either drug was seen; however, the rate of
complications associated with LEV was less
than seen PHE group.

Conclusion

In this meta-analysis of studies evaluating
PTS prophylaxis, LEV had no significant
superiority to PHE in preventing PTS.
However, less complication were seen in a
patient treated with LEV than those treated
with PHE.

Conflict of Interests
Authors have no conflict of interest.

Acknowledgments
We would like to appreciate all colleagues of
study for their cooperation.

6. Haddad SH, Arabi YM. Critical care management of
severe traumatic brain injury in adults. Scand J
Trauma Resusc Emerg Med 2012; 20: 12. Available
from: http://dx.doi.org/10.1186/1757-7241-20-12

7. Bratton SL, Chestnut RM, Ghajar J, McConnell
Hammond FF, Harris OA, Hartl R, et al. Guidelines
for the management of severe traumatic brain injury.
VI. Indications for intracranial pressure monitoring. J
Neurotrauma 2007; 24(Suppl 1): S37-S44. Available
from: http://dx.doi.org/10.1089/neu.2007.9990

8. Annegers JF, Hauser WA, Coan SP, Rocca WA. A
population-based study of seizures after traumatic
brain injuries. N Engl J Med 1998; 338(1): 20-4.
Available from;
http://dx.doi.org/10.1056/NEJM199801013380104

9. Lee ST, Lui TN. Early seizures after mild closed
head injury. J Neurosurg 1992; 76(3): 435-9.
Available from;
http://dx.doi.org/10.3171/jns.1992.76.3.0435

10. Kilpatrick CJ, Davis SM, Hopper JL, Rossiter SC.
Early seizures after acute stroke. Risk of late
seizures. Arch Neurol 1992; 49(5): 509-11.

11.So EL, Annegers JF, Hauser WA, O'Brien PC,

JARCMY/ Spring 2015; Vol. 3, No. 2 123


http://dx.doi.org/10.1016/j.ncl.2008.02.001
http://dx.doi.org/10.1089/neu.2007.9998
http://dx.doi.org/10.1186/1757-7241-20-12
http://dx.doi.org/10.1089/neu.2007.9990
http://dx.doi.org/10.1056/NEJM199801013380104
http://dx.doi.org/10.3171/jns.1992.76.3.0435

PTS prevention

Whisnant JP. Population-based study of seizure
disorders after cerebral infarction. Neurology 1996;
46(2): 350-5.

12. Temkin NR. Preventing and treating posttraumatic
seizures: the human experience. Epilepsia 2009;
50(Suppl 2): 10-3. Available from:
http://dx.doi.org/10.1111/j.1528-1167.2008.02005.x

13. Annegers JF, Grabow JD, Groover RV, Laws ER,
Jr., Elveback LR, Kurland LT. Seizures after head
trauma: a population study. Neurology 1980;
30(7 Pt 1): 683-9.

14. Szaflarski JP, Sangha KS, Lindsell CJ, Shutter LA.
Prospective, randomized, single-blinded comparative
trial of intravenous levetiracetam versus phenytoin
for seizure prophylaxis. Neurocrit Care 2010; 12(2):
165-72. Available from:
http://dx.doi.org/10.1007/s12028-009-9304-y

15. Temkin NR, Dikmen SS, Wilensky AJ, Keihm J,
Chabal S, Winn HR. A randomized, double-blind
study of phenytoin for the prevention of post-
traumatic seizures. N Engl J Med 1990; 323(8):
497-502. Available from:
http://dx.doi.org/10.1056/NEJM199008233230801

16.Chang BS, Lowenstein DH. Practice parameter:
antiepileptic drug prophylaxis in severe traumatic
brain injury: report of the Quality Standards
Subcommittee of the American Academy of
Neurology. Neurology 2003; 60(1): 10-6.

17. Wiedemayer H, Triesch K, Schafer H, Stolke D.
Early seizures following non-penetrating traumatic
brain injury in adults: risk factors and clinical
significance. Brain Inj 2002; 16(4): 323-30.
Available from:
http://dx.doi.org/10.1080/02699050110102077

18. Temkin NR. Antiepileptogenesis and seizure
prevention trials with antiepileptic drugs: meta-
analysis of controlled trials. Epilepsia 2001; 42(4):
515-24.

19. Schierhout G, Roberts I. Anti-epileptic drugs for
preventing seizures following acute traumatic brain
injury. Cochrane Database Syst Rev 2001; (4):
CDO000173. Available from:
http://dx.doi.org/10.1002/14651858.CD000173

20.Frend V, Chetty M. Dosing and therapeutic
monitoring of phenytoin in young adults after
neurotrauma: are current practices relevant? Clin
Neuropharmacol 2007; 30(6): 362-9. Available from:
http://dx.doi.org/10.1097/WNF.0b013e31805%ae1lc

21. Haltiner AM, Newell DW, Temkin NR, Dikmen SS,
Winn HR. Side effects and mortality associated with
use of phenytoin for early posttraumatic seizure
prophylaxis. J Neurosurg 1999; 91(4): 588-92.
Available from:
http://dx.doi.org/10.3171/jns.1999.91.4.0588

22. Scheinfeld N. Phenytoin in cutaneous medicine: its
uses, mechanisms and side effects. Dermatol Online
J 2003; 9(3): 6.

23. Walia KS, Khan EA, Ko DH, Raza SS, Khan YN.
Side effects of antiepileptics--a review. Pain Pract

2004, 4(3): 194-203. Available  from:
http://dx.doi.org/10.1111/j.1533-2500.2004.04304.x
24.Rowe AS, Goodwin H, Brophy GM, Bushwitz J,
Castle A, Deen D, et al. Seizure prophylaxis in
neurocritical care: a review of evidence-based
support. Pharmacotherapy 2014; 34(4): 396-4009.
Available from: http://dx.doi.org/10.1002/phar.1374
25. McKindley DS, Boucher BA, Hess MM, Rodman
JH, Feler C, Fabian TC. Effect of acute phase
response on phenytoin metabolism in neurotrauma
patients. J Clin Pharmacol 1997; 37(2): 129-39.

26. Markowsky SJ, Skaar DJ, Christie JM, Eyer SD,
Ehresman DJ. Phenytoin protein binding and dosage
requirements during acute and convalescent phases
following brain injury. Ann Pharmacother 1996;
30(5): 443-8.

27.Boucher BA, Kuhl DA, Fabian TC, Robertson JT.
Effect of neurotrauma on hepatic drug clearance.
Clin Pharmacol Ther 1991; 50(5 Pt 1): 487-97.

28. Temkin NR, Dikmen SS, Anderson GD, Wilensky
AJ, Holmes MD, Cohen W, et al. Valproate therapy
for prevention of posttraumatic seizures: a
randomized trial. J Neurosurg 1999; 91(4): 593-600.
Available from:
http://dx.doi.org/10.3171/jns.1999.91.4.0593

29. Dikmen SS, Machamer JE, Winn HR, Anderson GD,
Temkin NR. Neuropsychological effects of valproate
in traumatic brain injury: a randomized trial.
Neurology 2000; 54(4): 895-902.

30. Glotzner FL, Haubitz 1, Miltner F, Kapp G,
Pflughaupt KW. [Seizure prevention using
carbamazepine following severe brain injuries].
Neurochirurgia (Stuttg) 1983; 26(3): 66-79.
Available from: http://dx.doi.org/10.1055/s-2008-
1053615

31. Ramael S, Daoust A, Otoul C, Toublanc N, Troenaru
M, Lu ZS, et al. Levetiracetam intravenous infusion:
a randomized, placebo-controlled safety and
pharmacokinetic study. Epilepsia 2006; 47(7):
1128-35. Available from:
http://dx.doi.org/10.1111/j.1528-1167.2006.00586.x

32. Taylor S, Heinrichs RJ, Janzen JM, Ehtisham A.
Levetiracetam is associated with improved cognitive
outcome for patients with intracranial hemorrhage.
Neurocrit Care 2011; 15(1): 80-4. Available from:
http://dx.doi.org/10.1007/s12028-010-9341-6

33.Wang H, Gao J, Lassiter TF, McDonagh DL, Sheng
H, Warner DS, et al Levetiracetam is
neuroprotective in murine models of closed head
injury and subarachnoid hemorrhage. Neurocrit Care
2006; 5(1): 71-8. Available from:
http://dx.doi.org/10.1385/NCC:5:1:71

34. Gabriel WM, Rowe AS. Long-term comparison of
GOS-E scores in patients treated with phenytoin or
levetiracetam for posttraumatic seizure prophylaxis
after traumatic brain injury. Ann Pharmacother 2014;
48(11): 1440-4. Available from:
http://dx.doi.org/10.1177/1060028014549013

35. Cotton BA, Kao LS, Kozar R, Holcomb JB. Cost-

124  JARCM/ Spring 2015; Vol. 3, No. 2


http://dx.doi.org/10.1111/j.1528-1167.2008.02005.x
http://dx.doi.org/10.1007/s12028-009-9304-y
http://dx.doi.org/10.1056/NEJM199008233230801
http://dx.doi.org/10.1080/02699050110102077
http://dx.doi.org/10.1002/14651858.CD000173
http://dx.doi.org/10.1097/WNF.0b013e318059ae1c
http://dx.doi.org/10.3171/jns.1999.91.4.0588
http://dx.doi.org/10.1111/j.1533-2500.2004.04304.x
http://dx.doi.org/10.1002/phar.1374
http://dx.doi.org/10.3171/jns.1999.91.4.0593
http://dx.doi.org/10.1055/s-2008-1053615
http://dx.doi.org/10.1055/s-2008-1053615
http://dx.doi.org/10.1111/j.1528-1167.2006.00586.x
http://dx.doi.org/10.1007/s12028-010-9341-6
http://dx.doi.org/10.1385/NCC:5:1:71
http://dx.doi.org/10.1177/1060028014549013

Meshkini, et al.

36.

37.

38.

39.

40.

utility analysis of levetiracetam and phenytoin for
posttraumatic seizure prophylaxis. J Trauma 2011;
71(2): 375-9. Available from:
http://dx.doi.org/10.1097/T A.0b013e318224d307
Pieracci FM, Moore EE, Beauchamp K, Tebockhorst
S, Barnett CC, Bensard DD, et al. A cost-
minimization analysis of phenytoin  versus
levetiracetam for early seizure pharmacoprophylaxis
after traumatic brain injury. J Trauma Acute Care
Surg 2012; 72(1): 276-81. Available from:
http://dx.doi.org/10.1097/T A.0b013e31823df31f
Jones KE, Puccio AM, Harshman KJ, Falcione B,
Benedict N, Jankowitz BT, et al. Levetiracetam
versus phenytoin for seizure prophylaxis in severe
traumatic brain injury. Neurosurg Focus 2008; 25(4):
E3. Available from:
http://dx.doi.org/10.3171/FOC.2008.25.10.E3

Fuller KL, Wang YY, Cook MJ, Murphy MA,
D'Souza WJ. Tolerability, safety, and side effects of
levetiracetam versus phenytoin in intravenous and
total prophylactic regimen among craniotomy
patients: a prospective randomized study. Epilepsia
2013; 54(1): 45-57. Available from:
http://dx.doi.org/10.1111/j.1528-1167.2012.03563.x
Stroup DF, Berlin JA, Morton SC, Olkin I,
Williamson GD, Rennie D, et al. Meta-analysis of
observational studies in epidemiology: a proposal for
reporting. Meta-analysis of Observational Studies in
Epidemiology (MOOSE) group. JAMA 2000;
283(15): 2008-12.

Inaba K, Menaker J, Branco BC, Gooch J, Okoye
OT, Herrold J, et al. A prospective multicenter
comparison of levetiracetam versus phenytoin for
early posttraumatic seizure prophylaxis. J Trauma
Acute Care Surg 2013; 74(3): 766-71. Available

41.

42.

43.

44,

45.

46.

47.

from:
http://dx.doi.org/10.1097/TA.0b013e3182826e84
Kruer RM, Harris LH, Goodwin H, Kornbluth J,
Thomas KP, Slater LA, et al. Changing trends in the
use of seizure prophylaxis after traumatic brain
injury: a shift from phenytoin to levetiracetam. J Crit
Care 2013; 28(5): 883-13. Available from:
http://dx.doi.org/10.1016/j.jcrc.2012.11.020
Caballero GC, Hughes DW, Maxwell PR, Green K,
Gamboa CD, Barthol CA. Retrospective analysis of
levetiracetam compared to phenytoin for seizure
prophylaxis in adults with traumatic brain injury.
Hosp Pharm 2013; 48(9): 757-61. Available from:
http://dx.doi.org/10.1310/hpj4809-757

Milligan TA, Hurwitz S, Bromfield EB. Efficacy and
tolerability of levetiracetam versus phenytoin after
supratentorial neurosurgery. Neurology 2008; 71(9):
665-9. Available from:
http://dx.doi.org/10.1212/01.wnl.0000324624.52935.46
Zafar SN, Khan AA, Ghauri AA, Shamim MS.
Phenytoin  versus Leviteracetam for seizure
prophylaxis after brain injury - a meta-analysis.
BMC Neurol 2012; 12: 30. Available from:
http://dx.doi.org/10.1186/1471-2377-12-30

Maas Al, Stocchetti N, Bullock R. Moderate and
severe traumatic brain injury in adults. Lancet Neurol
2008; 7(8): 728-41. Auvailable from:
http://dx.doi.org/10.1016/S1474-4422(08)70164-9
Murphy JE, Murphy JE. Clinical pharmacokinetics.
Washington DC: American Society of Health-
System Pharmacists; 2008.

Manaka S. Cooperative prospective study on
posttraumatic epilepsy: risk factors and the effect of
prophylactic anticonvulsant. Jpn J Psychiatry Neurol
1992; 46(2): 311-5.

JARCMY/ Spring 2015; Vol. 3, No. 2 125


http://dx.doi.org/10.1097/TA.0b013e318224d307
http://dx.doi.org/10.1097/TA.0b013e31823df31f
http://dx.doi.org/10.3171/FOC.2008.25.10.E3
http://dx.doi.org/10.1111/j.1528-1167.2012.03563.x
http://dx.doi.org/10.1097/TA.0b013e3182826e84
http://dx.doi.org/10.1016/j.jcrc.2012.11.020
http://dx.doi.org/10.1310/hpj4809-757
http://dx.doi.org/10.1212/01.wnl.0000324624.52935.46
http://dx.doi.org/10.1186/1471-2377-12-30
http://dx.doi.org/10.1016/S1474-4422(08)70164-9

