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Abstract

Introduction Early seizures after severe traumatic brain injury (TBI) have a reported incidence of up to 15 %.
Prophylaxis for early seizures using 1 week of phenytoin is considered standard of care for seizure prevention.
However, many centers have substituted the anticonvulsant levetiracetam without good data on the efficacy of this
approach. Our hypothesis was that the treatment with levetiracetam is not effective in preventing early post-traumatic
seizures.

Methods All trauma patients sustaining a TBI from January 2007 to December 2009 at an urban level-one trauma
center were retrospectively analyzed. Seizures were identified from a prospectively gathered morbidity database and
anticonvulsant use from the pharmacy database. Statistical comparisons were made by Chi square, ¢ tests, and logistic
regression modeling. Patients who received levetiracetam prophylaxis were matched 1:1 using propensity score
matching with those who did not receive the drug.

Results 5551 trauma patients suffered a TBI during the study period, with an overall seizure rate of 0.7 % (39/5551).
Of the total population, 1795 were diagnosed with severe TBI (Head AIS score 3-5). Seizures were 25 times more
likely in the severe TBI group than in the non-severe group [2.0 % (36/1795) vs. 0.08 % (3/3756); OR 25.6; 95 % CI
7.8-83.2; p < 0.0001]. Of the patients who had seizures after severe TBI, 25 % (9/36) received pharmacologic
prophylaxis with levetiracetam, phenytoin, or fosphenytoin. In a matched cohort by propensity scores, no difference
was seen in seizure rates between the levetiracetam group and no-prophylaxis group (1.9 vs. 3.4 %, p = 0.50).
Conclusions In this propensity score-matched cohort analysis, levetiracetam prophylaxis was ineffective in pre-
venting seizures as the rate of seizures was similar whether patients did or did not receive the drug. The incidence of
post-traumatic seizures in severe TBI patients was only 2.0 % in this study; therefore we question the benefit of
routine prophylactic anticonvulsant therapy in patients with TBIL.

Introduction

According to the US Center for Disease Control and
Prevention, an estimated 2.5 million Americans sustain a
traumatic brain injury (TBI) annually, of whom 15 %
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seizures, with acceptable results. Temkin et al. [S] pub-
lished data in 1990 showing a 75 % reduction in early
seizures following TBI using this approach. The Traumatic
Brain Injury Guidelines of the Brain Trauma Foundation
currently recommend anticonvulsant administration as a
prophylaxis to prevent early post-traumatic seizure [6].
However, there have been some subsequent studies show-
ing that in some patient groups the rate of early post-
traumatic seizures is much lower and phenytoin adminis-
tration did not substantially reduce this rate [7].

Although standard prophylaxis in post-traumatic seizure
prophylaxis is phenytoin for 1 week, there are disadvan-
tages such as the requirement for drug level monitoring and
potential for adverse side effects [8, 9]. Many centers have
now substituted levetiracetam as an alternative due the ease
of dosing and no requirement of blood level monitoring.
However, the cost of levetiracetam is significantly greater
than standard therapy using phenytoin. Recent cost analysis
studies have confirmed the significant increase in cost,
despite the lack of necessity for drug monitoring with
levetiracetam [10, 11]. Aside from concerns over the price
of the therapy, there are limited data demonstrating the
efficacy of levetiracetam in TBI patients. Only a few small
studies have suggested levetiracetam as a feasible alter-
native [3, 12] and none of these studies have compared
levetiracetam therapy to a patient group who did not
receive any prophylaxis.

The aim of our study was to assess the efficacy of a
1-week course of levetiracetam in the prophylaxis of early
post-traumatic seizures. We hypothesized that the treat-
ment with levetiracetam is not effective in preventing early
post-traumatic seizures.

Methods
Study settings and patients

After obtaining approval from the Institutional Review
Board (IRB) at the University of Arizona, College of
Medicine, we performed a 3-year (from January 2007 to
December 2009) retrospective cohort analysis of all trauma
patients sustaining TBI at an urban level-one trauma cen-
ter. Seizures were identified from a prospectively gathered
morbidity database, and anticonvulsant use (levetiracetam,
phenytoin, fosphenytoin) was extracted from the pharmacy
database. During the study period, we did not have a
specific protocol for levetiracetam administration for sei-
zure prophylaxis, and this was at the discretion of our
Neurosurgeons. Thus, we had a significant population of
patients who did not receive any seizure prophylaxis.
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Data points and definitions

Patient’s medical records were reviewed and the following
data points were recorded: patient demographics (age,
gender), mechanism of injury, vitals on presentation (sys-
tolic blood pressure, heart rate, temperature), Glasgow
coma scale (GCS) Score, hospital and Intensive Care Unit
(ICU) length of stay, and in-hospital mortality. Injury
Severity Score (ISS) and head Abbreviated Injury Scale
(AIS) were extracted from trauma registry. Patients were
stratified based on head AIS. We defined mild TBI as head
AIS 1 and 2, and severe TBI as head AIS 3-5. Patients with
a head AIS of 6 were excluded.

Data presentation

For our statistical analysis, we used IBM Statistical
Package for Social Sciences (SPSS, Version 21.0; IBM,
Inc., Armonk, New York). Continuous data are presented
as the mean and standard deviation. Continuous variables
were compared using independent samples t test. For the
matched pairs, continuous variables were compared using
Wilcoxon Signed Ranks test. Ordinal data are presented
as the median and interquartile range (IQR). Test of
median was used to compare the ordinal variables. Cat-
egorical data are presented as proportions and percent-
ages. Chi square test was used to compare categorical
variables. For the matched pairs McNemar test was used
for comparison.

Statistical analysis: propensity score matching

We matched the patients who received levetiracetam
prophylaxis in a 1:1 ratio (levetiracetam:no levetiracetam)
to patients who did not receive any pharmacologic pro-
phylaxis, using propensity score matching process to
eliminate possible treatment bias. Patients who received
either phenytoin or fosphenytoin were not included in the
matching. We adjusted our match for age, gender, ISS,
head AIS, emergency department GCS, heart rate, systolic
blood pressure, and mechanism of injury. Propensity
score matching is an analog to the process of random-
ization of a clinical trial that is commonly used in
observational studies. The propensity score denotes the
conditional probability of an individual to receive a cer-
tain treatment. A propensity score is generated for each
patient based on all the confounding factors using a
logistic regression model. We used logistic regression
estimation algorithm and nearest neighbor matching
algorithm without replacement. Our outcome measure was
incidence of seizure.
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Fig. 1 Prophylaxis by medication

Table 1 Demographics

Variables Value

Age [Mean (SD)] 35.7 (21.6)
Age <20 [n (%)] 1445 (26)
Male [n (%)] 3695 (66.6)
White [n (%)] 4691 (84.5)
Hispanic [n (%)] 1938 (34.9)
Blunt Mechanism [n (%)] 5378 (96.9)
ISS [Mean (SD)] 10.4 (10.7)
Head AIS [Mean (SD)] 2.1 (1.2)
Mild TBI [n (%)] 3756 (67.7)
Seizure* [n (%)] 3 (0.08)
Severe TBI [n (%)] 1795 (32.3)
Seizure* [n (%)] 36 (2)
ED GCS [Mean (SD)] 13.3 (3.6)
Comatose [n (%)] 621 (11.2)

SD standard deviation, ISS injury severity score, AIS abbreviated
injury score, ED emergency department, GCS Glasgow coma scale

* Percentage in subgroups; statistically significant difference (OR
25.6; 95 % CI 7.8-83.2; p < 0.0001)

Statistical analysis: univariate and multivariate
analysis

Univariate analysis was performed to assess factors pre-
dicting seizures in patients with severe TBI. Factors with
p < 0.2 on univariate analysis were used in a multivariate
regression analysis. Logistic regression was performed for
the development of seizures adjusting for age, gender, ISS,
head AIS, emergency department GCS, heart rate, systolic
blood pressure, mechanism of injury, and levetiracetam
prophylaxis. For multivariate analysis we considered
p value <0.05 as statistically significant.

Results

During the study period, 5551 trauma patients who suffered
TBI were identified. Mean age was 35.7 & 21.6 years,
66.6 % were male, and 96.9 % had blunt mechanism of

injury. The overall seizure rate was 0.7 % (39/5551) and
mortality was 5.3 % (294/5551). Table 1 shows the
demographics, admission vital signs, and injury charac-
teristics of our study population.

Of the total population, 32.3 % (n = 1795) patients
sustained severe TBI. Severe TBI patients were 25 times
more likely than the mild TBI patients to have seizures
[2.0 % (36/1795) vs. 0.08 % (3/3756); OR 25.6; 95 % CI
7.8-83.2; p < 0.0001]. 18.0 % (n = 324) of the severe TBI
patients received seizure prophylaxis of which 64.2 %
(n = 208) of the patients received levetiracetam, while
343 % (n = 111) of the patients received phenytoin and
1.6 % (n = 5) of the patients received fosphenytoin for
prophylaxis (Fig. 1). There was no difference in seizure
rates in patients with severe TBI who received seizure
prophylaxis with levetiracetam (1.9 % [4/208], p = 0.93),
phenytoin (4.5 % [5/111], p = 0.06), and fosphenytoin
(0 % [0/5], p = 0.76]) compared to patients who did not
receive any prophylaxis (1.8 % [27/1471]). Stratification of
TBI into terciles of mild, moderate, or severe TBI based on
admission GCS (<9, 9-12, >12) did not show any statis-
tical differences in seizure rate. In patients with severe TBI,
there was no difference in the seizure rate based on the type
of injury, e.g., skull fracture, and subarachnoid versus
subdural versus epidural hemorrhage.

A total of 416 patients were included in the analysis
after propensity score matching. We matched 208 patients
who received levetiracetam (levetiracetam group) to 208
patients who did not receive any prophylaxis (no-leve-
tiracetam group) controlling for confounding factors. After
matching there was no difference in patient characteristics
and confounding factors (Table 2). No difference was seen
in seizure rates between the two groups (1.9 vs. 3.4 %,
p = 0.50).

In univariate analysis, age (p = 0.19), head AIS
(p = 0.001), and phenytoin prophylaxis (p = 0.06) were
associated with the development of seizures (Table 3).
After adjusting for factors associated with the development
of seizure, only head AIS (p = 0.002) was independently
associated with development of seizures in patients with
severe TBI. levetiracetam and phenytoin prophylaxis were
not associated with the development of seizures (Table 4).

Discussion

With the increasing use of levetiracetam as an alternative
to phenytoin in the early post-traumatic seizure prophy-
laxis, its beneficial role has been questioned [13, 14]. Our
study reports no benefit of levetiracetam prophylaxis in
seizure prevention compared to no prophylaxis. Our study
also raises questions on the benefit of any kind of seizure
prophylaxis post TBI, as an extremely low rate of post-TBI
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Table 2 Matched population characteristics

Factor Levetiracetam No- p value
prophylaxis levetiracetam
(n = 208) prophylaxis
(n = 208)
Age [Mean (SD)] 47 (23) 45 (25) 0.06
Age <20 [n (%)] 32 (15.4) 40 (19.2) 0.18
Male [n (%)] 151 (72.6) 134 (64.4) 0.09
White [n (%)] 180 (86.5) 184 (88.5) 0.67
Hispanic [n (%)] 65 (31.3) 70 (33.7) 0.65
Blunt mechanism 197 (94.7) 196 (94.2) 0.99
[n (%)]
ISS [Mean (SD)] 22 (11) 22 (11) 0.87
Head AIS [Mean (SD)] 4 (1) 4 (1) 0.47
ED GCS [Mean (SD)] 10 (5) 10 (5) 0.84
Comatose [n (%)] 76 (36.5) 81 (38.9) 0.59
Outcome
Seizure [n (%)] 4(1.9) 734 0.50

SD standard deviation, ISS injury severity score, AIS abbreviated
injury score, ED emergency department, GCS Glasgow coma scale

Table 3 Univariate analysis for seizure in severe TBI

Variables OR (95 % CI) p value
Age 0.99 (0.98-1.01) 0.19
Male 0.98 (0.48-2.01) 0.91
1SS 0.99 (0.96-1.03) 0.71
Head AIS 1.93 (1.29-2.88) 0.001
ED GCS 0.98 (0.92-1.05) 0.62
ED systolic blood pressure 0.99 (0.99-1.01) 0.83
Penetrating injury 0.53 (0.07-3.95) 0.54
Levetiracetam prophylaxis 0.94 (0.33-2.70) 0.93
Phenytoin prophylaxis 2.51 (0.95-6.6) 0.06
Comatose 0.83 (0.38-1.79) 0.64

OR odds ratio, CI confidence interval, ISS injury severity score, AIS
abbreviated injury scale, ED emergency department, GCS Glasgow
coma scale, Comatose: GCS < 8; p value <0.2 is statistically
significant

Table 4 Multivariate analysis for seizure in severe TBI

Variables OR (95 % CI) p value
Age 0.99 (0.97-1.005) 0.21
Head AIS 1.88 (1.26-2.82) 0.002
Phenytoin prophylaxis 2.09 (0.78-5.54) 0.13

OR odds ratio, CI confidence interval, AIS abbreviated injury scale,
ED emergency department, p value <0.05 is statistically significant

seizures was observed. This is consistent with another
recent study that also showed a very low rate of post-
traumatic seizures [15]. Considering its higher cost without
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any additive benefits, the role of levetiracetam prophylaxis
for early post-TBI seizures needs to be reconsidered.

Post-traumatic seizures remain a significant concern for
many physicians after traumatic brain injury, especially in
the early phase [16]. Seizures during the early phase of
traumatic brain injury can aggravate the brain edema and
inflammatory insult to neurons. This potentially lethal
adverse effects cause physicians to take extra preventive
measures. Phenytoin prophylaxis for 1 week after trau-
matic brain injury became standard of care in this back-
ground. Later, Temkin et al. [5] provided evidence of
protective effects of phenytoin prophylaxis. Phenytoin-re-
lated adverse drug events and need of drug level moni-
toring require probing into alternatives [9]. However, we
found that there was no statistically significant difference
using phenytoin prophylaxis compared to no prophylaxis.

Over the past few years, post-traumatic seizure pro-
phylaxis has shifted toward levetiracetam due to its relative
ease of use and safety profile [13]. However, literature
remain divided on its clinical utility. Szaflarski et al. [3] in
a prospective randomized study, reported equal efficacy of
phenytoin compared to levetiracetam with the latter
showing better results on disability rating scale and Glas-
gow outcome scale. However, this study was underpow-
ered to detect any sizeable difference in early seizure
incidence between the groups. Contrary to that, there are
other studies that question the safety of levetiracetam
compared to phenytoin; Jones et al. [12] reported similar
rates of early post-traumatic seizures with levetiracetam
therapy associated with increased seizure tendency
However, no study to our knowledge has reported the
comparison between levetiracetam prophylaxis and no
prophylaxis. Our study adds a unique piece of evidence to
the existing literature reporting relative efficacy of leve-
tiracetam in post-traumatic seizure prevention. The results
of our study suggest that in a well-matched cohort of
patients, seizure prophylaxis with levetiracetam made no
difference in seizure incidence.

Most of the studies reporting the potential benefits of
seizure prophylaxis include all patients with traumatic
brain injury. It has been previously established in literature
that injury severity is a significant determinant of post-
traumatic seizure incidence. The skew induced by mild and
moderate TBI in patient population may be responsible for
this protective association. To overcome this potential bias,
in our final analysis we only included patients with severe
traumatic brain injury. Furthermore, our patient cohorts
were matched using propensity score matching to add
clarity to the association. The results from the matched
cohort of patients in our study raise thoughtful questions on
utility of levetiracetam in post-traumatic seizures. We
observed no difference in seizure rate in levetiracetam
patients compared to no prophylaxis. Although relatively
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safer than phenytoin, the cost of prophylaxis with leve-
tiracetam compared to phenytoin is controversial. While
Cotton et al. [10] and Pieracci et al. [11] found levetirac-
etam prophylaxis to have a significant cost burden,
Caballero et al. [17] in a recent retrospective study showed
the overall cost benefit to be in favor of levetiracetam
prophylaxis as compared to phenytoin.

Several studies have tried to identify factors associated
with the development of early post-traumatic seizures
[18-20]. Most of the studies looking at the predictors of
post-traumatic seizure development identified type and
severity of injury along with age, penetrating mechanism,
and loss of consciousness at the time of injury to be
associated with seizure development in early phase of TBI
[18]. However, in our study we observed no such associ-
ation for age, mechanism, and type of injury, and only
injury severity predicted seizure development.

An interesting finding in our study was the lack of
association between seizure prophylaxis and the develop-
ment of seizures. Congruent with our data from propensity-
matched sample, results of our multivariate regression
analysis also showed no association between prophylaxis
and prevention of seizures. Considering the published lit-
erature on utility of prophylaxis, these results are unusual.
However, there are growing studies that question the role
of post-traumatic prophylaxis [21, 22]. Bhullar et al. [15] in
a recent study highlighted the suppression of functional
recovery after seizure prophylaxis. Our findings underline
the need for reconsideration of the role of seizure pro-
phylaxis in general and specifically re-explorations of the
role of levetiracetam prophylaxis.

Findings of our study should be interpreted in light of its
limitations. Due to retrospective nature of the study, all
potential confounders cannot be accounted for by propen-
sity score matching. Seizures were identified mostly by
clinical observation with EEGs performed as indicated.
Routine EEGs were not performed during the study period,
which may have led to systematic underreporting of sei-
zure. We did not differentiate between type of seizure, and
EEG confirmation was generally not employed, therefore
our seizure rate may underestimate the true incidence of
early post-traumatic seizures. There were no prophylaxis
guidelines in place during the study period, and all three
drugs were used for seizure prophylaxis, with the prefer-
ence to a particular agent being based on the treating
physician’s discretion. It is therefore possible that selection
bias on the part of the treating clinicians was introduced
based on the severity and/or type of their injuries, which
may not have been accounted for by our propensity scor-
ing. This remains a possible unmeasured confounder, but
this was constant during the study period. In our center,
from 2010 onward, we have implemented the prophylaxis
guidelines. However, our seizure rate continues to be low,

similar to the rate prior to the implementation of these
guidelines. Despite these limitations, our study provides an
important piece of evidence in the management of post-
traumatic seizures.

Conclusion

In this propensity score-matched cohort analysis, levetirac-
etam prophylaxis did not show a significant difference in
preventing seizures, as the rate of seizures was the same
whether patients did or did not receive the drug. The overall
incidence of post-traumatic seizures in patients with severe
TBI was only 2 % in this study; therefore, we question the
benefit of routine prophylactic anticonvulsant therapy in
preventing early seizures in severe TBI patients. Since pro-
phylaxis for post-TBI seizures remains the standard of care,
an appropriately randomized controlled trial is warranted to
clarify whether levetiracetam therapy is effective.
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