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Abstract

Background Seizure following traumatic brain injury

(TBI) constitutes a common complication that requires

effective prevention to improve the outcome of TBI.

Phenytoin has been the only recommended antiepileptic

drug (AED) for seizure prophylaxis; however, several

shortcomings have affected its use. Intravenous levetirac-

etam has been available since 2006 and has been increas-

ingly accepted as a seizure prophylaxis for brain injury,

mainly due to its favorable pharmacokinetic features and

minimal adverse events profile. However, the efficacy and

safety of levetiracetam versus phenytoin for seizure pro-

phylaxis following TBI are not well clarified.

Objective The aim of this study was to assess the efficacy

and safety of levetiracetam versus phenytoin for seizure

prophylaxis following TBI.

Methods We conducted a search of the MEDLINE,

EMBASE, and Cochrane library databases to March 2016,

and screened original research that included patients with TBI

who received levetiracetam. We included randomized con-

trolled trials (RCTs) or controlled observational cohort stud-

ies that compared levetiracetam and phenytoin, as well as

uncontrolled case series regarding prophylactic levetiracetam

following TBI. The outcomes included early or late seizure

prophylaxis and safety. The estimates of seizure prophylaxis

were pooled using a meta-analysis, and the estimates for the

case series were pooled using descriptive statistics.

Results A total of 1614 patients from 11 studies were

included in this review, of whom 1285 patients from eight

controlled studies (one RCT and seven cohort studies) were

included in the meta-analysis. Levetiracetam was not supe-

rior to phenytoin with regard to early seizure prophylaxis

(risk ratio [RR] 1.10, 95 % confidence interval [CI]

0.64–1.88); the estimate of early seizure incidence was 0.05

(95 % CI 0.02–0.08). Three studies that assessed late seizure

did not indicate the superiority of levetiracetam to pheny-

toin. There were no differences in mortality during hospi-

talization or after 6 months, or in the number of patients

with adverse reactions between levetiracetam and phenytoin.

Conclusions Levetiracetam does not appear to be superior

to phenytoin in efficacy or safety with regard to early or

late seizure prophylaxis following TBI; however, no class I

evidence was identified. Additional evidence from high-

quality studies is required.

Key Points

There is no evidence indicating that levetiracetam

was superior to phenytoin for early or late seizure

prophylaxis following traumatic brain injury.

The limited information regarding safety did not

indicate a superiority of levetiracetam compared

with phenytoin.

More well-designed comparative studies with a large

sample size are warranted.
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1 Introduction

Traumatic brain injury (TBI) is a common condition with

an annual incidence of 1.7 million individuals in the US

[1]. Post-traumatic seizure (PTS) is a frequent complication

following TBI. Based on the occurrence time of the seizure

following TBI, PTS has been divided into early seizure,

which occurs within the first 7 days, and late seizure,

which occurs after the first 7 days following TBI. The

incidence of early seizure ranged from 2.6 to 16.3 % [2, 3],

whereas the incidence of late seizure reached 0.7–7.1 % at

1 year and 1.6–11.5 % at 5 years following a moderate to

severe TBI [4]. Early seizure should be intensively moni-

tored and adequately treated to avoid secondary insults,

such as hypoxia, hypotension, and hyperthermia [5]. Late

seizure was difficult to control with antiepileptic drugs

(AEDs) and frequently led to poor clinical outcomes,

including reduced quality of life, education, and employ-

ment [6]. In addition, evidence from epidemiologic studies

has indicated that early seizure may be a predictor for late

seizure [7]; therefore, it may be a reasonable strategy to

prevent the development of late seizure following acute

TBI [8].

In 2003, the American Academy of Neurology recom-

mended phenytoin as a seizure prophylaxis following

severe TBI, based on the pooled results from two class I

studies, which demonstrated a significantly lower risk of

early PTS in patients receiving phenytoin compared with

control (relative risk 0.37, 95 % confidence interval [CI]

0.18–0.74) [9]. In 2007, the Brain Trauma Foundation

made a similar recommendation [10]. However, phenytoin

has several shortcomings that have affected its use,

including non-linear pharmacokinetics, drug interactions

and numerous side effects [11]. In addition, concerns have

been raised that phenytoin may worsen cognitive deficits

and the outcomes assessed by the Glasgow Coma Scale

(GCS) and modified Ranking Scale [12]. Furthermore,

studies have demonstrated that phenytoin has not been

effective for late seizure prophylaxis [9]; therefore, other

AEDs for seizure prophylaxis are urgently needed.

Intravenous levetiracetam was approved by the US FDA

in 2006. Taking advantage of its favorable pharmacokinetic

features and minimal adverse events profile, levetiracetam

has been widely used in seizure prophylaxis following

brain injuries, including TBI [6, 11, 13, 14, 15]. A recent

meta-analysis demonstrated its superiority compared with

phenytoin in brain tumor patients who underwent surgery

[14]. To the best of our knowledge, no class I studies have

demonstrated its efficacy and safety regarding seizure

prophylaxis following TBI [16]; however, several small-

scale controlled studies and case series have utilized

levetiracetam for seizure prophylaxis following TBI. In

addition, we conducted a search of ClinicalTrials.gov and

did not identify any ongoing trials regarding prophylactic

levetiracetam following TBI. We therefore performed this

systematic review and meta-analysis to summarize the

current evidence regarding the efficacy and safety of

levetiracetam in seizure prophylaxis following TBI.

2 Methods

2.1 Search Strategy

This systematic review and meta-analysis was performed

in March 2016 according to the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRIMSA)

guidelines. Inclusion criteria and methods of the review

were specified in advance in a protocol that has not been

published. The electronic MEDLINE, EMBASE, and

Cochrane Central Register of Controlled Trials (CEN-

TRAL) databases were searched to March 2016. Referring

to the search strategy of a Cochrane review regarding

epilepsy prevention after traumatic head injury [17], we

had a comprehensive strategy that incorporated Medical

Subject Headings (MeSH) and text words relating to TBI

and levetiracetam (see electronic supplementary material).

The references of relevant reviews and included articles

were manually checked for potential studies. According to

the search strategy, two authors (YY and ZFS) performed

the literature search independently and merged all the

searched articles.

2.2 Inclusion Criteria

Eligible research met the following criteria.

1. Types of study: The eligible studies were randomized

controlled trials (RCTs; including the first phase of

crossover trials) or controlled cohort studies that

compared levetiracetam with phenytoin for seizure

prophylaxis following TBI. Uncontrolled case series

that contained C10 patients receiving levetiracetam for

seizure prophylaxis were also included.

2. Types of participants: Patients with TBI were included

in the study without restriction of age, and type and

severity of TBI.

3. Intervention: Intravenous levetiracetam and other

AEDs in the control group were administered follow-

ing TBI. No concomitant AED was used in any

intervention group and no language restrictions were

applied.

According to the inclusion criteria, two authors (YY and

ZFS) performed the study selection independently. Article

titles and abstracts were first screened, and potential studies
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were further reviewed in full-text articles. If multiple

articles reported the same study, all articles were examined

in order to extract comprehensive data. Discrepancies were

resolved through discussion with the other authors (XX and

WXF).

2.3 Data Extraction

Two authors (YY and ZFS) independently extracted data

using a standardized data extraction form, which had been

piloted with a sample of three studies and further modified

prior to the initiation of full data extraction. Discrepancies

were resolved through discussion with other authors (XX

and WXF). The extracted data included the following: (1)

basic information about the study, including study name,

publication year, authors, country where the study was

conducted, and the time of patients’ enrollment; (2)

information about patients, including the number of

patients in each intervention group, age, sex, and type and

severity of TBI; (3) study design, including RCT, con-

trolled observational cohort study or uncontrolled case

series, duration of follow-up, and duration of AEDs used;

and (4) data on outcomes, including incidence of early

seizure, late seizure, adverse effects, and all-cause mor-

tality during hospitalization or a specified follow-up period.

2.4 Quality Evaluation

Two authors (YY and ZFS) independently evaluated the

quality of the study. Two tools for quality assessment, the

Cochrane Collaboration’s tool and the Newcastle–Ottawa

Scale, were implemented based on the type of included

studies. If two or more RCTs were included, we assessed

the quality of these RCTs using the Cochrane Collabora-

tion’s tool, which is typically used to evaluate RCTs. If less

than two RCTs and controlled cohort studies were inclu-

ded, we assessed the quality of all controlled studies using

the Newcastle–Ottawa Scale, a ‘star system’ tool typically

used to assess cohort and case–control studies [18]. Gen-

erally, studies with no less than six stars were considered of

high quality. Discrepancies were resolved through discus-

sion with the other authors (XX and WXF).

2.5 Statistical Analysis

For the controlled studies that compared levetiracetam with

phenytoin, we performed a meta-analysis if data were

available for more than one study, and the risk ratio (RR)

and 95 % CI were calculated. In cases in which a zero

value was present, a 0.5 continuity correction was applied

to all four cells. Initially, a fixed effects model with the

Mantel–Haenszel method was used to obtain a pooled

effect estimate and the between-study heterogeneity (the

Cochran’s Q statistic and the I2 statistic). A p value B0.05

or an I2 value C75 % was considered significant hetero-

geneity. A sensitivity analysis was subsequently performed

by removing studies of low quality to identify the source of

the heterogeneity, with a subgroup analysis being con-

ducted if necessary. Finally, if the heterogeneity was not

controlled, the random-effects model using the DerSimo-

nian and Laird method was used to pool the effect estimate.

In the meta-analysis that compared levetiracetam and

phenytoin, statistical significance was present when the

95 % CI did not span one (p\ 0.05 in the forest plot). The

estimate of the seizure incidence was calculated using the

DerSimonian and Laird method within the random-effects

setting. If heterogeneity was noted (a p value B0.05 or an I2

value C75 %), a sensitivity analysis was conducted by

removing the case series. The publication bias was assessed

using the Egger test and visual inspection of the funnel

plot.

3 Results

3.1 Study Selection and Study Characteristics

We identified 983 unique articles (Fig. 1). Thirty-eight

studies were selected for full-text review, of which 11

studies containing 1614 patients were included in the final

dataset [19–29]. Of the 11 studies, eight (one RCT and

seven controlled cohort studies) compared levetiracetam

with phenytoin, two were case series that reported the

seizure incidence after prophylactic levetiracetam, and one

study that comprised an observation intervention as the

control group was considered a case series for extracting

data regarding levetiracetam for seizure prophylaxis

(Table 1). Therefore, the Newcastle–Ottawa Scale was

used to assess the quality of the eight controlled studies that

compared levetiracetam with phenytoin. Six studies were

scored no less than six stars, indicating high quality, and

two studies were scored five stars (Table 2). In general, the

studies were of good quality. For early seizure, most

studies included a follow-up of at least 7 days, with the

exception of the study by Szaflarski et al., which followed

up for 3 days after TBI using electroencephalogram [29].

In the meta-analysis of early seizure prophylaxis, no evi-

dence of publication bias was noted (Egger test, p = 0.302;

funnel plot is shown in Fig. 2).

3.2 Early Seizure Prophylaxis

For the meta-analysis of early seizure prophylaxis com-

paring levetiracetam with phenytoin, a total of 1285

patients (levetiracetam, n = 573; phenytoin, n = 712)

from one RCT and seven controlled cohort studies were
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included. No statistically significant difference in the

incidence of early seizure was identified between the two

treatments (RR 1.10, 95 % CI 0.64–1.88), and no evidence

of statistical heterogeneity between individual trials was

noted using both the I2 statistic (I2 = 0 %) and Cochran Q

statistic (p = 0.87) [Fig. 3].

For the estimate of early seizure incidence under leve-

tiracetam prophylaxis, after excluding the study by Gabriel

and Rowe [23], which contained only five patients in the

levetiracetam group, a total of 32/771 patients from nine

studies (seven controlled studies and two case series) had

an early seizure under prophylactic levetiracetam. The

estimate of early seizure incidence was 0.05 (95 % CI

0.02–0.08), and moderate heterogeneity between the indi-

vidual trials was identified (p = 0.016, I2 = 57.4 %)

[Fig. 4]. A sensitivity analysis was performed by removing

two case series [22, 28], and indicated a slight increase in

the risk of early seizure with a pooled RR of 0.06 (95 % CI

0.02–0.10).

3.3 Late Seizure Prophylaxis

As a result of identification of only three studies with

different study designs that evaluated late seizure, we

performed a qualitative appraisal. A small RCT investi-

gated late seizure at 6 months following TBI, and indicated

that late seizure occurred in 1 of 20 patients who received

levetiracetam and none of the 14 patients who received

phenytoin (p\ 0.05) [29]. A prospective cohort study with

a small sample size investigated late seizure during the

6 months or more following TBI, and indicated there was

no difference in late seizure prevention (levetiracetam 0/5

vs. phenytoin 2/14; p = 0.53) [23]. A retrospective cohort

study that utilized observation treatment as the control

group evaluated late seizure during the 2 years following

TBI. This study indicated there was no difference between

the two groups in adult patients (levetiracetam 5/46 vs.

observation 8/40; p = 0.96) or patients in all age ranges

(levetiracetam 6/66 vs. observation 8/60; p = 0.95) [26].

3.4 Safety Evaluation

As a result of the inconsistent reports regarding safety

outcomes, we performed a qualitative appraisal. For the

side effects, a large, multicenter study that included 406

individuals in the levetiracetam group and 407 individuals

in the phenytoin group indicated there was no difference

between the groups in adverse drug reactions
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(levetiracetam 7.9 % vs. phenytoin 10.3 %; p = 0.227)

[24]. The study from Gabriel and Rowe indicated there

were no differences in side effects between the groups

(levetiracetam 1/5 vs. phenytoin 3/14; p = 0.73) [23]. The

study from Carter et al. also demonstrated there were no

differences in side effects between the groups (levetirac-

etam 3/36 vs. phenytoin 4/65; p = not significant) [21].

For all-cause mortality, no differences were identified in

the study from Szaflarski et al. [29] during the 6 months

following TBI (levetiracetam 12/34 vs. phenytoin 4/18;

p = 0.227), in the study from Kruer et al. [27] during

hospitalization (levetiracetam 6/20 vs. phenytoin 35/89;

p = not significant), or in the study by Inaba et al. [24]

during hospitalization (levetiracetam 5.4 % vs. phenytoin

3.7 %; p = 0.236). In a study with 2 years of follow-up,

levetiracetam treatment for 30 days did not improve all-

cause mortality throughout the 2 years (levetiracetam 5/46

vs. observation 3/40; p = 0.96) [26].

4 Discussion

In the present systematic review and meta-analysis, 1614

patients from 11 studies were included. For the meta-

analysis of early seizure prophylaxis comparing levetirac-

etam with phenytoin, 1285 patients from one RCT and

seven controlled cohort studies were analyzed. Prophy-

lactic levetiracetam does not appear to be superior to

phenytoin (RR 1.10, 95 % CI 0.64–1.88). For the estimate

of the early seizure incidence under levetiracetam pro-

phylaxis, 771 patients from nine studies were analyzed,

and the estimate of the early seizure incidence was 0.05

(95 % CI 0.02–0.08). Late seizure was evaluated in three

individual studies, and no superiority was identified in the

levetiracetam group compared with phenytoin. No evi-

dence of safety assessment was identified that favoured

levetiracetam.

Several meta-analyses had addressed that AEDs were

needed for seizure prophylaxis following brain injuries. In

1998, Schierhout and Roberts analyzed 10 RCTs that

included 2036 patients with acute traumatic head injury.

The authors determined that prophylactic AEDs (including

carbamazepine, phenobarbitone and phenytoin) were

effective in reducing the occurrence of early seizure but

not late seizure [30]. A recent Cochrane meta-analysis of

RCTs in 2015 indicated that early treatment with an AED

(phenytoin or carbamazepine) compared with placebo or

standard care may reduce the risk of early PTS; however, it

did not reduce the risk of late seizure or mortality [17].

Among carbamazepine [31], valproate [32], and

phenytoin [33–37], which were indicated by RCTs to be

effective for seizure prophylaxis following TBI, phenytoin

was the most investigated drug. A large-scale, placebo-T
a
b
le

1
co
n
ti
n
u
ed

S
tu
d
y
,
y
ea
r

S
tu
d
y
d
es
ig
n

S
ei
zu
re

d
ia
g
n
o
si
s

C
h
ar
ac
te
ri
st
ic
s
o
f
p
o
p
u
la
ti
o
n
an
d
in
te
rv
en
ti
o
n
a

E
ar
ly

se
iz
u
re

L
at
e
se
iz
u
re

L
ev
et
ir
ac
et
am

g
ro
u
p

C
o
n
tr
o
l
g
ro
u
p

L
ev
et
ir
ac
et
am

(%
)

C
o
n
tr
o
l

(%
)

L
ev
et
ir
ac
et
am

(%
)

C
o
n
tr
o
l

(%
)

K
le
in

et
al
.

[2
6
]b

P
ro
sp
ec
ti
v
e
co
h
o
rt

st
u
d
y

C
li
n
ic
al

se
iz
u
re

L
ev
et
ir
ac
et
am

tr
ea
tm

en
t:

N
=

6
6
(a
ll
ag
es
);
n
=

4
6

(a
g
e
C

1
8
y
ea
rs
)

G
C
S
[r
an
g
e]
:
6
–
1
5

D
o
sa
g
e:

5
5
m
g
/k
g
/d
ay

q
1
2
h

D
O
T
:
3
0
d
ay
s

O
b
se
rv
at
io
n
g
ro
u
p
:

N
=

6
0
(a
ll
ag
es
);
n
=

4
0

(a
g
e
C

1
8
y
ea
rs
)

G
C
S
[r
an
g
e]
:
6
–
1
5

D
o
sa
g
e:

u
n
av
ai
la
b
le

D
O
T
:
u
n
av
ai
la
b
le

–
–

O
v
er
al
l
6
/6
6

(9
.0
9
)

O
v
er
al
l

8
/6
0

(1
3
.3
3
)

T
B
I
tr
au
m
at
ic
b
ra
in

in
ju
ry
,
G
C
S
G
la
sg
o
w
C
o
m
a
S
ca
le
,
E
E
G
el
ec
tr
o
en
ce
p
h
al
o
g
ra
m
,
IQ

R
in
te
rq
u
ar
ti
le
ra
n
g
e,
M

±
S
D
m
ea
n
±

st
an
d
ar
d
d
ev
ia
ti
o
n
,
D
O
T
d
u
ra
ti
o
n
o
f
tr
ea
tm

en
t,
q
1
2
h
ev
er
y
1
2
h
,

q
8
h
ev
er
y
8
h

a
A
g
e:

y
ea
rs

(e
x
ce
p
t
fo
r
th
e
st
u
d
y
b
y
C
h
u
n
g
an
d
O
’B
ri
en

[2
2
])

b
T
h
is
st
u
d
y
h
ad

a
co
n
tr
o
l
g
ro
u
p
o
f
o
b
se
rv
at
io
n
ra
th
er

th
an

p
h
en
y
to
in

tr
ea
tm

en
t
an
d
d
id

n
o
t
h
av
e
an

ea
rl
y
se
iz
u
re

o
u
tc
o
m
e.
T
h
u
s,
th
e
d
at
a
re
g
ar
d
in
g
la
te

se
iz
u
re

in
th
e
le
v
et
ir
ac
et
am

tr
ea
tm

en
t

g
ro
u
p
w
er
e
ex
tr
ac
te
d
an
d
w
er
e
in
cl
u
d
ed

in
th
e
d
es
cr
ip
ti
v
e
st
at
is
ti
cs

c
T
h
e
m
in
im

u
m

ag
e
fo
r
p
at
ie
n
t
re
cr
u
it
m
en
t
in

th
e
o
ri
g
in
al

st
u
d
ie
s

Levetiracetam Versus Phenytoin for Seizure Prophylaxis Following TBI 683



controlled RCT assessed 208 patients who received

phenytoin and 196 patients who received placebo for

1 year. Compared with the placebo, phenytoin significantly

decreased the risk of early seizure (3.6 vs. 14.2 %;

p\ 0.001) but not late seizure [34]. Primarily because of

this study, phenytoin was recommended for early but not

late seizure prophylaxis by the American Academy of

Neurology in 2003 and the Brain Trauma Foundation in

2007 [9, 10]; however, phenytoin use was not without

drawbacks, especially the need for serum drug monitoring

[38].

Since approved by the FDA in 2006, intravenous leve-

tiracetam has been widely used for seizure prophylaxis

following various brain injuries. In 2012, Zafar et al.

Fig. 2 Funnel plots. RR risk

ratio

Table 2 Results of the Newcastle–Ottawa Scale for the eight studies included in the meta-analysisa

Items Gabriel and

Rowe [23]

Anderson and

Montero [19]

Kruer

et al.

[27]

Caballero

et al. [20]

Inaba

et al.

[24]

Szaflarski

et al. [29]

Carter

et al.

[21]

Jones

et al.

[25]

Selection

Representativeness of exposed cohort 0 1 0 1 1 1 1 1

Selection of non-exposed cohort 1 1 1 1 1 1 1 1

Ascertainment of exposure 1 1 1 1 1 1 1 1

Demonstration that outcome of interest

was not present at the start of the study

1 1 1 1 1 1 1 1

Comparability

Comparability of cohorts on the basis of

study design

2 0 0 1 0 2 0 1

Outcome

Assessment of outcome 1 1 1 1 1 1 1 1

Was follow-up long enough for outcome to

occur?

0 0 1 1 0 1 0 0

Adequacy of follow-up of cohorts 1 1 0 1 1 1 0 0

Overall score 7 6 5 8 6 9 5 6

a A study may be awarded a maximum of one star for each item within the selection and outcome categories, and two stars regarding

comparability. The number in the table represents the number of stars scored in each item and overall score. Generally, studies with no less than

six stars were considered as high quality
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performed a meta-analysis that assessed seizure prophy-

laxis following various brain injuries, with the authors

determining that levetiracetam was not superior to pheny-

toin for early or late seizure prevention [39]. Most recently,

a systematic review and meta-analysis was performed to

assess levetiracetam for supratentorial brain tumor surgery.

The authors concluded that prophylactic levetiracetam

appeared to be superior to phenytoin and valproate in

reducing postoperative seizure and led to fewer side effects

[14]. Furthermore, Kruer et al. assessed the prescription for

seizure prophylaxis at Johns Hopkins Hospital and deter-

mined that there was a significant shift in prescriptions

away from phenytoin and toward levetiracetam between

2008 and 2010 [27].

Levetiracetam has become an appealing alternative;

however, a high quality, head-to-head RCT between

phenytoin and levetiracetam was lacking. In this systematic

review and meta-analysis, using a systematic search, one

RCT and seven controlled cohort studies were included for

the comparisons of the two AEDs.

Fig. 3 Early seizure comparing levetiracetam with phenytoin. M-H Mantel–Haenszel, CI confidence interval, df degrees of freedom

NOTE: Weights are from random effects analysis

Overall  (I−squared = 57.4%, p = 0.016)

ID

Patanwala 2016

Study

Chung 2016

Kruer 2013

Anderson 2014

Inaba 2013

Caballero 2013

Szaflarski 2009

Carter 2009

Jones 2008

0.05 (0.02, 0.08)

ES (95% CI)

0.02 (0.00, 0.05)

0.18 (0.05, 0.30)

0.05 (−0.05, 0.15)

0.05 (−0.04, 0.14)

0.01 (0.00, 0.03)

0.11 (−0.03, 0.26)

0.15 (0.03, 0.27)

0.17 (0.05, 0.29)

0.03 (−0.03, 0.09)

100.00

Weight

26.17

%

4.20

6.82

7.34

29.81

3.37

4.76

4.57

12.96

0−.304 0 .304

Fig. 4 Incidence of early seizure under levetiracetam prophylaxis. ES effect size, CI confidence interval

Levetiracetam Versus Phenytoin for Seizure Prophylaxis Following TBI 685



Based on the analysis of this review, effectiveness or

safety did not contribute towards making a better choice

from the two AEDs. The superiority of levetiracetam to

phenytoin in early seizure prophylaxis was not demon-

strated in all eight individual controlled studies or the

pooled data obtained from these studies (RR 1.10, 95 % CI

0.64–1.88). The estimate of early seizure incidence in

levetiracetam treatment was 0.05 (95 % CI 0.02–0.08),

which was similar to 3.6 % with phenytoin treatment

reported in a high-quality study [34]. However, as a result

of low incidence, a study with large sample size is required

to confirm the efficacy of levetiracetam compared with

phenytoin.

Severe TBI may lead to an extreme emergency condi-

tion, which may be susceptible to adverse events, such as

thrombocytopenia and unexplained fever in phenytoin

treatment [40]. The remarkable effect of phenytoin in

drug–drug reactions, as well as the elevation of hepatic

enzymes, may affect the treatment of TBI [41]. The wide

use of levetiracetam has largely benefited from its minimal

adverse events profile [42]; however, somewhat surpris-

ingly, no superiority regarding adverse effects that favored

levetiracetam was indentified in three individual studies

[21, 23, 24]. Death during hospitalization or the 6 months

following TBI also did not favor levetiracetam [24, 27, 29];

this may be limited by small sample size and poor study

design.

In addition to the efficacy and safety evaluation,

pharmacoeconomic evaluation comprises a useful

approach for choosing a better drug. In 2010, a cost-

effectiveness analysis was conducted from the per-

spective of a university Level I urban trauma center in

Houston. The cost-effectiveness ratios for early seizure

prophylaxis were US$1.58/quality-adjusted life-years

(QALYs) for phenytoin and US$20.72/QALY for

levetiracetam, which was significantly favorable for

phenytoin [43]. In 2011, a cost-minimization analysis

for early seizure prophylaxis following TBI was per-

formed based on two studies that were conducted in the

US [25, 29]. As a result, the phenytoin strategy was

superior to the levetiracetam strategy from the per-

spectives of both the institution (mean cost per patient

US$151.24 vs. US$411.85, respectively) and patient

(mean charge per patient US$2302.58 vs. US$3498.40,

respectively) [44].

This meta-analysis may be subject to several limita-

tions. First, it mainly included observational cohort studies,

which may induce a selective bias from various potential

confounding factors. Most studies recruited patients with a

median or mean age of more than 45 years, and male

patients outnumbered female patients, which was not

consistent with previous studies that indicated the inci-

dence of TBI was approximately the same in men and

women over the age of 45 years [45–47]. Several important

baseline conditions were also difficult to balance in cohort

studies, such as systolic blood pressure at admission and

severity of TBI [23, 24]. The only RCT that contained a

small sample size had several limitations, such as the

inclusion of a small proportion of patients with subarach-

noid hemorrhage, seizure diagnosed by EEG, and an

insufficient follow-up of 3 days after admission [29].

Second, this meta-analysis may be affected by clinical

heterogeneity, although statistical heterogeneity between

the individual studies was not noted (p = 0.87, I2 = 0 %).

TBI severity (usually assessed by GCS) affects seizure

occurrence [2, 4, 48]; however, it was difficult to exclude

the influence from TBI severity by subgroup analysis

because most studies had an overlapping GCS score. Third,

the incidence of seizure under prophylactic AEDs was low,

and a small sample size of 1285 patients was included for

the meta-analysis of early seizure prophylaxis. Thus, it is

not surprising that the point estimate may be imprecise,

with a 95 % CI that covers the entire spectrum from benefit

to harm.

5 Conclusions

Based on current evidence, this systematic review and

meta-analysis indicated that levetiracetam and phenytoin

had similar efficacy and safety for seizure prevention

following TBI. A pharmacoeconomic evaluation con-

ducted by other scholars favored phenytoin, while leve-

tiracetam may be more convenient because drug

monitoring is not required [43, 44]. Therefore, to date it is

difficult to propose a more preferable recommendation

between levetiracetam and phenytoin, and both AEDs are

a good choice for seizure prophylaxis following TBI [49];

however, class I evidence is lacking. Thus, in future,

well-designed RCTs or large-scale, prospective cohort

studies are needed to compare the efficacy and safety of

levetiracetam on seizure prophylaxis following TBI. Some

important factors that may affect the occurrence of sei-

zure should be considered when a study is designed, such

as age, TBI severity, etc. Furthermore, studies regarding

the prevention of late seizure and children should be

performed.
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