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Abstract

Background/Objective—Although levetiracetam has been increasingly utilized as an
alternative to phenytoin for early post-traumatic seizure prophylaxis following traumatic brain
injury (TBI), an optimal dosing strategy has not been elucidated. The objective of this study is to
determine whether different dosing strategies of levetiracetam are associated with the incidence of
early post-traumatic seizures when utilized as prophylaxis following TBI.

Methods—This retrospective single-center cohort study included admitted patients =18 years
of age with a diagnosis of TBI and receiving levetiracetam for early post-traumatic seizure
prophylaxis between July 1, 2013 and September 1, 2019. The primary outcome of this study
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was to evaluate three different dosing strategies of levetiracetam (<1000 mg/day, 1500 mg/day,
and =2000 mg/day) and associated rates of early post-traumatic seizures. Secondary outcomes
were to summarize absolute total daily maintenance doses of levetiracetam among patients who
experienced early post-traumatic seizures compared to those who did not, determine the impact of
three different dosing strategies on hospital length of stay and in-hospital mortality, and to assess
patient-specific variables on the occurrence of post-traumatic seizures. Overlap propensity score
weighting was utilized to address the potential for confounding.

Results—Of the 1,287 patients who received levetiracetam for early post-traumatic seizure
prophylaxis during the study time frame, 866 patients met eligibility criteria and were included in
the study cohort (289 patients in the <1000 mg/day group, 137 patients in the 1500 mg/day group,
and 440 patients in the 22000 mg/day group). After weighting, the cumulative incidence of early
post-traumatic seizure was 2.9% in the <1000 mg/day group, 8.8% in the 1500 mg/day group, and
9% in the 22000 mg/day group. The 1500 mg/day and =2000 mg/day levetiracetam groups had a
209% and 216% increase in the subdistribution hazard of early post-traumatic seizures compared
to the <1000 mg/day levetiracetam group respectively, but these differences were not statistically
significant.

Conclusions—In conclusion, the results of this study demonstrate no statistically significant
difference in the cumulative incidence of early post-traumatic seizures within seven days of TBI
between three different levetiracetam dosing strategies. After weighting, the levetiracetam <1000
mg/day group had the lowest rates of early post-traumatic seizures, death without seizure, and
in-hospital mortality.

Keywords
Traumatic Brain Injury; Early Post Traumatic Seizures; Antiepileptic Drugs

Introduction

Post-traumatic seizures are a potential sequela of traumatic brain injury (TBI) which
contribute to significant morbidity for affected patients.12 The landmark randomized,
controlled trial by Temkin and colleagues demonstrated a significant decrease in early post-
traumatic seizures following severe TBI in patients who were given phenytoin prophylaxis
compared to those who were not (3.6% vs. 14.2%, p <0.01).3 Based on the results of this
trial and subsequent studies, the Brain Trauma Foundation Guidelines recommend phenytoin
to decrease the incidence of early post-traumatic seizures within seven days of severe TBI.1

In recent years, levetiracetam has been increasingly utilized as an alternative agent to
phenytoin due to fewer adverse effects, fewer drug interactions, ease of administration,

and absence of pharmacokinetic variability requiring therapeutic drug monitoring.4-10

In 2013, Inaba and colleagues conducted a prospective, observational, multicenter study
(n=813) comparing levetiracetam to phenytoin for the prevention of early post-traumatic
seizures.® No significant differences were identified in the incidence of early post-traumatic
seizures, adverse drug reactions, or mortality. While the results of this study suggest
levetiracetam is as efficacious as phenytoin, it was limited by selection bias, lack of

routine electroencephalogram (EEG) monitoring, and inclusion of only patients with blunt
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trauma. Aside from this study, the majority of available literature comparing phenytoin

to levetiracetam for prevention of post-traumatic seizures consists of single-center data
with small sample sizes.*~12 Due to this limited evidence, the Brain Trauma Foundation
Guidelines do not currently recommend levetiracetam over phenytoin for the prevention of
early post-traumatic seizures.!

In addition to limited comparative data, levetiracetam dosing strategies for post-traumatic
seizure prophylaxis are highly variable, ranging from 500 mg to 1500 mg twice daily,

and may be dependent on institution-specific practices.#11 Presently, there is a paucity of
available literature regarding the effectiveness of various levetiracetam dosing strategies
when utilized for this indication. Additionally, the effect of patient-specific factors,
including age, weight, renal function, and severity of iliness, have not yet been evaluated.13
The aim of this study is to determine whether different dosing strategies of levetiracetam are
associated with the incidence of early post-traumatic seizures when utilized as prophylaxis
following TBI.

Design and Setting

This retrospective single-center cohort study conducted at a Level | trauma center included
admitted patients =18 years of age with a diagnosis of TBI and receiving levetiracetam

for early post-traumatic seizure prophylaxis between July 1, 2013, and September 1, 2019.
Patients were excluded if they had a past medical history of seizure disorder prior to TBI and
were receiving an anti-seizure drug (ASD) at the time of TBI, documented seizure prior to
levetiracetam administration during index hospital admission for TBI, death within 24 hours
of hospital admission, >24 hours between hospital admission and initiation of levetiracetam,
<2 consecutive doses of levetiracetam, or a past medical history of end-stage renal disease or
no serum creatinine available to calculate Creatinine Clearance (CrCl). CrCl was calculated
using the Cockcroft-Gault Formula.1* Patients with end-stage renal disease were excluded as
levetiracetam is cleared with hemodialysis (HD) requiring supplemental dosing after dialysis
sessions. Poor medication adherence after HD could result in fluctuating plasma drug
levels.1® If a patient was admitted with TBI more than once during the study period, only

the first admission was included. At the study institution, indication for seizure prophylaxis
was based on a protocolized approach. Based on institutional protocol, seizure prophylaxis
was indicated for patients who experienced head trauma and had a Glasgow Coma Scale
(GCS) <10 with or without computed tomography (CT) head findings or any CT head
findings in the setting of head trauma (regardless of GCS). CT head findings included but
were not limited to, subdural or epidural hematoma; subarachnoid, intraparenchymal, or
intraventricular hemorrhage; linear or depressed skull fracture; penetrating head injury; or
cortical contusion. Levetiracetam dosing for early post-traumatic seizure prophylaxis and
EEG monitoring were guided by the treating clinician. During the study time frame, an
institutional guideline recommended levetiracetam 1000 mg every 12 hours for patients with
a CrCl = 30 mL/min or levetiracetam 250-500 mg every 12 hours for patients with CrCl

< 30 mL/min. There were additional dosing recommendations for patients who received
intermittent hemodialysis or continuous renal replacement therapy, however, these patients
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were not included in the study. This study was approved by the Institutional Review Board
with a waiver of informed consent.

The primary objective of this study was to evaluate three different dosing strategies of
levetiracetam (<1000 mg/day, 1500 mg/day, and =2000 mg/day) and associated rates of
early post-traumatic seizures. The secondary objective was to summarize absolute total daily
maintenance doses of levetiracetam among patients who experienced early post-traumatic
seizures compared to those who did not. Additional objectives included assessment of EEG
confirmed seizure, hospital length of stay (LOS), and in-hospital mortality among three
different dosing strategies of levetiracetam. The final objective of the study was to assess
the association of patient-specific variables on the occurrence of post-traumatic seizures.
The specific stratification of levetiracetam dosing strategies (<1000 mg/day, 1500 mg/day,
>2000 mg/day) were selected based on the range of observed dosing strategies in the
current literature and at our institution, as well as for the treatment of adult and pediatric
epilepsy.4‘11'15

Patients were categorized into three levetiracetam dosing strategies, <1000 mg/day, 1500
mg/day, and =2000 mg/day. The primary outcome was a time-to-event outcome, consisting
of a binary event indicator of whether the patient experienced early post-traumatic seizure
and a continuous variable of the number of days from TBI to the occurrence of early post-
traumatic seizure. Post-traumatic seizures were diagnosed by a confirmatory EEG or clinical
diagnosis per the treating clinician. Patients who survived or died after the occurrence of
post-traumatic seizure within seven days of TBI were included in the seizure group. Death
was considered a competing risk to TBI. Patients who survived or were discharged within
seven days of TBI without seizures while receiving levetiracetam were included in the no
seizure group. Patients were reviewed for readmission with early post-traumatic seizure if
discharged within seven days. Since only early post-traumatic seizures were being evaluated,
patients were administratively censored on day seven after TBI. Late post-traumatic seizures
(>7 days after index TBI) were not evaluated.

Data Source and Data Collection

Individual patient data was collected through retrospective review of the institutional
Trauma Registry and electronic health record including demographics and clinical details
[e.g., mechanism of injury, Injury Severity Score (ISS), Trauma and Injury Severity
Score (TRISS), Abbreviated Injury Scale (AlS), GCS, CT findings, and operative
interventions]. Operative interventions included Burr hole procedure, decompressive
craniectomy/hemicraniectomy, or other hematoma evacuation. Additionally, ICU and
hospital LOS, in-hospital mortality, levetiracetam dosing and frequency, and documentation
of seizure occurrence were collected. EEG data were collected when available. If
confirmatory EEG data was not available, clinical characteristics of early post-traumatic
seizures were collected as documented by the diagnosing clinician. Levetiracetam
maintenance dose and frequency were collected for all included patients. Levetiracetam
maintenance dose was collected as the first maintenance dose ordered for seizure
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prophylaxis following admission for TBI. Dose adjustments, including those following early
post-traumatic seizure occurrence, were not collected.

Statistical Analysis

Descriptive statistics were utilized to summarize variables. Overlap propensity score
weighting was utilized to address the potential confounding when examining the association
between the dosing strategy and post-traumatic seizures. Propensity score weighting is

a common approach to balancing the distribution of these prognostic factors between
treatment groups so that one can directly estimate the association between the treatment

and the outcome after weighting. In this study, since the selection of levetiracetam

dosing strategy could have depended on various patient characteristics, injury severity, and
interventions that may have influenced outcomes, we first built a propensity score model

to obtain the probability of being assigned to each treatment group for each patient based

on the prognostic factors. Since there were three different common dosing strategies, a
generalized propensity score model was adopted for multiple treatments.1® The generalized
propensity score model was a multivariable multinomial logistic regression with the dosing
group as the outcome variable, adjusting for the following variables: age, AlS head score (<3
or >3), pre-hospital GCS (<10 or >10), operative intervention, cortical contusion, depressed
skull fracture, intracranial hemorrhage, penetrating head injury, and CrCl. Intracranial
hemorrhage included subdural hematoma, epidural hematoma, subarachnoid hemorrhage,
intraparenchymal hemorrhage, and/or intraventricular hemorrhage. To improve balance in
covariates, age and creatinine clearance were represented as categorical variables in the
propensity score model (Age group: 18-30, 31-50, 51-70, >70; CrCl group: = 80 mL/

min, 50-80 mL/min, 30-49 mL/min, < 30 mL/min). The study cohort was then weighted

to estimate the average treatment effect for the population using the generalized overlap
weights (OW) derived from the propensity scores so that patients who were likely to receive
all three treatments were up-weighted, whereas patients who were unlikely to receive one
of the treatments were down-weighted. In other words, the OW-weighted cohort emphasizes
the portion of the study cohort with the most overlap in prognostic factors among treatment
groups. To assess balance in covariates, standardized differences of covariates between pairs
of dosing strategies were used after overlap propensity score weighting.1” An absolute
standardized mean difference of less than 0.1 was considered a negligible imbalance.18

We selected OW instead of inverse probability of treatment weighting to avoid removing
patients with extreme propensity scores and because OW achieved better covariate balance
than inverse probability of treatment weighting in our study. Effective sample sizes for the
weighted cohort were calculated for each dose group.1® Time to post-traumatic seizure and
death were modeled using the OW-weighted Fine-Gray model for competing risk analysis.
Subdistribution hazard ratios of early post-traumatic seizures comparing different dosing
groups were reported with 95% confidence intervals. Subdistribution hazard ratios of post-
traumatic seizures can be interpreted as the relative change in the instantaneous rate of

the occurrence of early post-traumatic seizures in those patients who were event-free or
who had experienced a competing event, death. The estimated cumulative incidences of
early post-traumatic seizures and death were estimated and plotted for each dosing group.
Generalized propensity scores and balance diagnostics after overlap weighting are further
described in the Supplementary Appendix.
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Secondary outcomes were summarized for each dosing group using both the original cohort
and the OW-weighted cohort. To assess the association of patient-specific variables on the
occurrence of post-traumatic seizures, an unweighted Fine-Gray model was utilized using
the original cohort to model time to post-traumatic seizures as a function of the dosing
group and the same set of variables included in the generalized propensity score model

with age and CrCI modeled as continuous variables. A sensitivity analysis was conducted
by additionally adjusting for dosing weight, and the results were similar (data not shown).
The significance of tests was assessed at alpha=0.05 without accounting for multiplicity due
to the exploratory nature of this study. All statistical analyses were performed using SAS
9.4 (SAS Institute Inc., Cary, NC) and R Statistical Software (version 4.1.1; R Foundation
for Statistical Computing, Vienna, Austria). Cumulative incidence plots were created using
the ggplot2 package.?® Maximum pairwise standardized differences were plotted using
functions modified based on the PSweight package.?!

Patient Demographics

Of the 1,287 patients who received levetiracetam for early post-traumatic seizure
prophylaxis during the study time frame, 866 patients met eligibility criteria and were
included in the study cohort (Figure 1). Patient characteristics are reported in Table 1. In

the original cohort, there were 289 patients in the <1000 mg/day group, 137 patients in

the 1500 mg/day group, and 440 patients in the >2000 mg/day group. Prior to weighting,
patients in the =2000 mg/day group were younger and had higher injury severity compared
to the other levetiracetam dosing groups. The majority of patients were male, with a
primary mechanism of injury of fall or motor vehicle collision. Penetrating head injury was
uncommon, representing 4.4% of the total cohort. Pre-hospital GCS was <10 in 251 patients
(29%) and AIS head score was >3 in 475 patients (54.8%). The most common CT head
finding was intracranial hemorrhage and operative intervention was needed in 188 patients
(21.7%). The majority of patients required ICU admission (68.8%). After weighting, patient
demographics and injury severity were similar amongst all three dosing groups.

Primary Outcome

In the original cohort, 51 (5.9%) patients experienced an early post-traumatic seizure, 54
(6.2%) patients died without seizures, and 761 (87.9%) did not encounter these events in 7
days. Of the patients who experienced early post-traumatic seizures, 27 (51.9%) experienced
convulsive seizures, and 25 (48.1%) experienced nonconvulsive seizures. The cumulative
incidence of early post-traumatic seizure was 3.9% in the <1000 mg/day group, 7.8% in the
1500 mg/day group, and 8.4% in the =2000 mg/day group. After weighting, the cumulative
incidence of early post-traumatic seizure was 2.9% in the <1000 mg/day group, 8.8% in

the 1500 mg/day group, and 9% in the 22000 mg/day group (Table 2, Figure 2). After
weighting, the 1500 mg/day and =2000 mg/day levetiracetam groups had a 209% and 216%
increase in the subdistribution hazard of early post-traumatic seizures compared to the
<1000 mg/day levetiracetam group respectively, but these differences were not statistically
significant.
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Secondary Outcomes

Secondary outcomes are reported in Table 3. In the original cohort, seizures were validated
with EEG in 33 of the 51 patients who experienced early post-traumatic seizures (64.7%).
The majority of EEG-validated seizures were prolonged/continuous EEG (97.1%), only one
seizure was validated with routine EEG (2.94%). The remaining seizures were validated
with a clinical diagnosis (35.3%). The mean time to early post-traumatic seizure was 45.9
hours (£29.4 hours) in the <1000 mg/day group, 72.6 hours (£44.8 hours) in the 1500
mg/day group, and 57.3 hours (£44.9 hours) in the 22000 mg/day group. Death without
seizure occurred in 12 patients (4.2%) in the <1000 mg/day group, 7 patients (5.1%) in the
1500 mg/day group, and 35 patients (8%) in the 22000 mg/day group. In-hospital mortality
occurred in 19 patients (6.6%) in the <1000 mg/day group, 13 patients (9.5%) in the 1500
mg/day group, and 74 patients (16.8%) in the =2000 mg/day group. Hospital LOS was
similar amongst the groups, but longest in the 2000 mg/day group [9.5 days (IQR 4 days,
23 days)]. Of the patients who experienced early post-traumatic seizures, 31 of 52 needed
operative intervention (59.6%). However, the majority of post-traumatic seizures occurred
prior to operative intervention (77.4%). Seven early post-traumatic seizures occurred after
operative intervention (22.6%). Overall, after weighting, the <1000 mg/day group had the
lowest rates of early post-traumatic seizures, death without seizure, and in-hospital mortality.

In the unweighted Fine-Gray multivariable regression model, there were no statistically
significant differences in the cumulative incidences of early post-traumatic seizures between
the three levetiracetam dosing groups (Table 4). Older age, higher AIS head score, pre-
hospital GCS <10, and need for operative intervention were associated with a significant
increase in the subdistribution hazard rate of early post-traumatic seizures. Additional
factors, such as CT head findings and admission CrCl were not associated with the
incidence of early post-traumatic seizures. Higher AIS head score, pre-hospital GCS <10,
and CT finding of penetrating head injury were associated with a significant increase in the
subdistribution hazard rate of death.

Discussion

In this retrospective single-center cohort study, there were no significant differences in the
cumulative incidences of early post-traumatic seizures or death within seven days of TBI
between three different levetiracetam dosing strategies. These results remained consistent in
both the original and weighted cohorts. Additionally, rates of early post-traumatic seizures,
death without seizure, in-hospital mortality, and hospital LOS remained lowest in the
<1000 mg/day levetiracetam group. While the implications of patient-specific factors on
levetiracetam dosing strategy are still exploratory, the results of this study demonstrate that
higher total daily maintenance doses of levetiracetam were not associated with a reduced
incidence of early post-traumatic seizures as was hypothesized. Although causality cannot
be established, the results of this study are hypothesis-generating in that lower total daily
maintenance doses of levetiracetam (<1000 mg/day) could be effective in preventing early
post-traumatic seizures following TBI.

Post-traumatic seizures are estimated to occur in approximately 1.5% to 3.6% of
patients who receive ASDs for prophylaxis following severe TBI.3:59.10 The prospective,
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observational, multicenter study conducted by Inaba and colleagues (n=813) compared
levetiracetam to phenytoin for the prevention of early post-traumatic seizures.® This cohort
of patients experienced similar TBI severity as our study cohort, in which patients in

the levetiracetam group received levetiracetam 1000 mg every 12 hours intravenously

or enterally for 7 days. There were no significant differences in seizure rates (1.5%

vs. 1.5%, p=0.997), adverse drug reactions, or mortality. Similarly, the prospective,
randomized, single-blinded comparative trial conducted by Szaflarski and colleagues
(n=52) demonstrated no difference in early post-traumatic seizures occurrence in patients
receiving phenytoin compared to levetiracetam for prophylaxis following TBI with a starting
dose of 1000 mg every 12 hours intravenously (16.7% vs. 14.7%, p>0.99).10 In the
prospective observational cohort study conducted by Jones and colleagues (n=27), EEG
findings were compared in patients receiving phenytoin to those receiving levetiracetam for
seizure prophylaxis following severe TBI.® Patients in the levetiracetam group received
levetiracetam 500 mg every 12 hours intravenously for 7 days. Overall, patients had
equivalent incidence of seizure activity (p=0.556), but patients receiving levetiracetam had
a higher incidence of abnormal EEG findings (p=0.003).> Although this study is limited by
the small sample size, it highlights the need for further investigation into the implications
of increased seizure tendency and epileptiform activity observed with levetiracetam when
utilized as prophylaxis following TBI.

The cumulative incidence of early post-traumatic seizures was similar in the present

study compared to currently published literature.3:59.10 patients who experienced early
post-traumatic seizures in our cohort had similar baseline injury severity and operative
intervention to those included in previously published studies.3>:9-10 Although there may
have been patient-specific unanticipated confounders that could not be controlled for
prospectively in our cohort, the unweighted multivariable regression model utilized in

our study demonstrated that older age, AIS head score >3, pre-hospital GCS <10, and
operative interventions were associated with increased risk of early post-traumatic seizures.
These findings are consistent with the currently published literature.3:2:6:9.10 Additionally,
prolonged EEG monitoring was obtained for the majority of patients who experienced early
post-traumatic seizures in our study, which may have contributed to the increased incidence
reported, particularly for nonconvulsive seizures.

Limitations of this study include those inherent to retrospective evaluations, including
reliance on accurate documentation in the electronic medical record. Levetiracetam dosing
was not standardized during the study period and causality cannot be determined.
Administration of levetiracetam loading dose was not standardized practice at the study
institution. Additionally, levetiracetam dose adjustments, including adjustments after the
occurrence of early post-traumatic seizures, were not collected retrospectively. Aside

from new seizure occurrence, adjustments to levetiracetam for the indication of early
post-traumatic seizure prophylaxis were anticipated to be minimal at the study institution.
However, levetiracetam dose adjustments that were not accounted for may have impacted
study findings. Similarly, concomitant medications that may have provided additional anti-
seizure benefit, including benzodiazepines, propofol, and gabapentin, were not accounted
for retrospectively. Although these medications certainly could have impacted early post-
traumatic seizure occurrence, the anticipated impact is expected to be minimal given
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the small percentage of patients undergoing treatment for alcohol withdrawal as well as
mechanical ventilation during the study time frame. Barbiturates were not routinely used at
the study institution during the study time frame. Due to the low incidence of observed early
post-traumatic seizures in this study cohort, differences have marginal significance due to
the small sample size. An a priori sample size calculation was not performed, as all patients
who met inclusion criteria were included in the study cohort. Given the retrospective nature
of this study, it remains unclear whether clinician selection bias may have influenced the
observed higher total daily maintenance doses of levetiracetam in patients who experienced
early post-traumatic seizures compared to those who did not. Similarly, without prospective
randomization, there may have been unanticipated confounders that were not accounted

for. Moreover, patients perceived to be more severely ill and thus more prone to post-
traumatic seizures by the clinical team, may have received higher doses of levetiracetam, but
experienced similar rates of post-traumatic seizures due to the severity of their underlying
disease. Lastly, due to retrospective study design, adverse drug events associated with
levetiracetam were not able to be reliably captured. Pertaining to EEG monitoring, if

there was a concern for early post-traumatic seizure, routine or prolonged EEG monitoring
was obtained per the treating clinician. The majority of early post-traumatic seizures were
confirmed by prolonged EEG. However, there was no empiric EEG monitoring conducted
at the study institution, so there is a possibility of uncaptured subclinical nonconvulsive
seizures.

Strengths of this study include the novel association of various levetiracetam dosing
strategies with cumulative incidence of early post-traumatic seizures. Additionally, the use
of OW-weighting and completion of a subdistributional hazard regression analysis improve
the validity of this study’s findings. Based on the results of this study, higher total daily
maintenance doses of levetiracetam (=1500 mg/day) commonly utilized in clinical practice
may not be more effective in preventing early post-traumatic seizures compared to lower
doses (<1000 mg/day). Additional prospective data are needed to further explore these
findings and validate these results.

Conclusion

Overall, the results of this study demonstrate no statistically significant difference in the
cumulative incidence of early post-traumatic seizures within seven days of TBI between
three different levetiracetam dosing strategies. Older age, AlS head score >3, pre-hospital
GCS <10, and need for operative intervention were associated with an increased risk of early
post-traumatic seizures in this cohort. Prospective studies are needed to further validate these
findings by including a control group, standardizing levetiracetam dosing, and assessing
adverse drug events.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Excluded (N=421)
No serum creatinine (n=1)
Death within 24 hours of admission (n=18)
End-stage renal disease (n=25)
>24 hours between admission and
initiation (n=52)
History of seizure prior to TBI (n=65)
Seizure prior to initiation (n=81)

<2 consecutive doses (n=179)

Unweighted Cohort (N=866)

<1000 mg/day (n=289)
1500 mg/day (n=137)
>2000 mg/day (n=440)

Weighted Cohort (N=551)
<1000 mg/day (n=193)
1500 mg/day (n=133)
>2000 mg/day (n=225)

Figure 1. Patient Selection
Patient selection, excluded patients, and included patients stratified into unweighted cohorts

and weighted cohorts based on levetiracetam dosing group (1000 mg/day, 1500 mg/day,

and =2000 mg/day).
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Figure 2. Overlap weights (OW)-Weighted Cumulative Incidences for Post-Traumatic Seizure
and Death by Daily Levetiracetam Maintenance Dose

Figure 2A, OW-weighted cumulative incidence of early post-traumatic seizure based on total
daily maintenance levetiracetam dose (<1000 mg/day, 1500 mg/day, and =2000 mg/day).
Figure 2B, OW-weighted cumulative incidence of death based on total daily maintenance
levetiracetam dose (<1000 mg/day, 1500 mg/day, and 22000 mg/day).
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Table 4.

Early PTS Death
sHR (95% CI1) | P-value | sHR (95% CIl) | P-value

Age (1-year increase) 1.04 (1.02, 1.07) <0.01 1.02 (1, 1.05) 0.09
AIS head > 31 3.65(1.47,9.07) <0.01 2.01(1.02, 3.97) 0.04
Pre-hospital GCS >102 0.42 (0.22,0.81) <0.01 0.2 (0.1, 0.37) <0.01
Operative intervention 3.89 (2.15, 7.03) <0.01 0.64 (0.33, 1.23) 0.18
Daily dose <=1000 mg/day3 0.53(0.22, 1.28) 0.16 0.89 (0.36, 2.23) 0.8
Daily dose >=2000 mg/day3 1.22 (0.57, 2.58) 0.61 1.22 (0.57, 2.58) 0.48
Cortical contusion 1.31 (0.64, 2.68) 0.46 0.85(0.42, 1.72) 0.66
Intracranial hemorrhage 0.61 (0.07, 5.42) 0.66 0.39 (0.15, 0.99) 0.05
Penetrating head wound Not included? 2.89(1.17,7.16) | 0.02
Depressed skull fracture 0.46 (0.05, 4.14) 0.49 Not included?

CrCl (1-unit increase) 1(0.99, 1.01) 0.64 0.99 (0.98, 1) 0.16

JAIS head <3 used as reference value

2 .
Pre-hospital GCS <10 used as reference value

3. .
Daily levetiracetam dose of 1500 mg/day used as reference value

4 . . . . .
Variable was not included in the model because of the complete separation of patients.

sHR: Subdistribution hazard ratio. AIS: Abbreviated Injury Scale. GCS: Glasgow Coma Scale. CrCl: Creatinine clearance.
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