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Abstract

Background: Traumatic brain injury (TBI) can induce early or late post-traumatic seizures (PTS). While
PTS incidence is low, prophylaxis is used despite a lack of consensus on agent or duration.
Levetiracetam (LEV) for early PTS prophylaxis is preferred due to its safety and efficacy. The purpose of
this study was to evaluate LEV for early PTS prophylaxis.

Methods: A single-center, retrospective chart review of TBI patients > 18 years who received LEV for early
PTS prophylaxis between August 2018 - July 2019. The primary outcome was LEV duration. Secondary
outcomes were incidence of seizure, intensive care unit (ICU) and hospital length of stay (LOS).

Results: Of the 137 included, mean age was 59+20 years and 69.3% were male. The mean admission
GCS was 1314 and 77.4% had mild TBI. Median LEV duration was 7 (IQR 4-10) days and 13.9% met
recommended 7-day duration. Those prescribed LEV > 7 days had more than twice the median LEV
duration than those prescribed < 7 days (10.25 (8.5-15.5) vs 4 (1.5-4.5) days, p < 0.0001). EEG-confirmed
PTS occurred in 2.2%, with an early PTS incidence of 0.73%. Median ICU and hospital LOS were 2 (IQR 1-
7) and 7 (IQR 3-16) days, respectively.

Conclusions: The incidence of PTS was low as most patients in our study had mild or moderate TBI.
Early PTS prophylaxis with LEV for 7 days is appropriate, although the majority of patients did not meet
the recommended duration. Efforts to standardize and implement PTS prophylaxis protocols are needed.

Background

Traumatic brain injury (TBI) can induce early (< 7 days post-TBI) or late (> 7 days post-TBI) acute
symptomatic seizures.! Severity of TBI is commonly determined using the Glasgow Coma Score (GCS):
mild (GCS 13-15), moderate (GCS 9-12), and severe (GCS < 9)."? Post-traumatic seizures (PTS) occur
more often in severe TBI, meanwhile rates of subclinical seizures may be as high as 25%.2 The rate of
post-traumatic epilepsy and recurrent seizures occurring more than 7 days post-TBI are significantly
higher when compared to epilepsy rates in the general population.*® Risk factors for PTS include severe
TBI, chronic alcohol use, prolonged post-traumatic amnesia, linear/depressed skull fracture, younger age
(< 65 years), subdural hematoma, intracerebral hematoma, penetrating head injury, and immediate

seizures.578

Prophylaxis is routinely administered to prevent development of PTS, status epilepticus, chronic epilepsy,
herniation, and death.*” While timely initiation reduces complications of early PTS (i.e., pneumonia, acute
respiratory distress syndrome, acute renal failure, pulmonary embolism, and elevated intracranial
pressure), limited durations to avoid adverse drug events should be considered.®> A randomized, double-
blind study of 404 TBI patients comparing phenytoin (PHT) to placebo for one year, found that PHY

reduces seizures during the first week following injury.? Similar results were seen in a pooled analysis of 6
clinical trials of antiepileptic drugs (AED) (carbamazepine, phenobarbital, and PHT) of 1405 patients
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showing that AEDs reduced early, but not late PTS.'? Therefore, The Brain Trauma Foundation and
American Association of Neurologic Surgeons recommend a 7-day duration for early PTS prophylaxis.?

While the duration of PTS prophylaxis is well defined, the choice of AED remains controversial. The Brain
Trauma Foundation and American Association of Neurologic Surgeons recommend PHT for early PTS
prophylaxis when “the overall benefit is felt to outweigh the complications associated with such
treatment”.® Despite the inability to recommend LEV for PTS prophylaxis due to lack of sufficient
evidence it is widely used.®>611 A prospective, multicenter study of 813 consecutive blunt TBI patients,
found LEV was not associated with differences in occurrence of early or late PTS, ADRs, or mortality
when compared to PHT.'2 An equivalence study of LEV and PHT in 32 severe TBI patients found no
differences in Glasgow Outcome Scale at 3 and 6 months or seizures, although LEV was associated with
an increased seizure tendency on electroencephalography (EEG).'® Similar results were seen in a
prospective, randomized, single-blinded study finding no difference in seizure occurrence or death
between LEV and PHT. Furthermore, LEV resulted in less undesirable side effects and better long-term
outcomes for survivors.' Thus, LEV is preferred for its well-established efficacy and lack of required
therapeutic drug monitoring, tolerability, and relatively minimal drug-drug/drug-food interactions.

When considering LEV for early PTS prophylaxis, dosing 500-1000 mg every 12 hours intravenous or oral
is initiated immediately following injury. Low-dose LEV 500 mg every 12 hours has been shown to be
effective in early PTS prevention and may be considered.’® While a 7-day duration is appropriate for early
PTS prophylaxis, this practice is not widely agreed upon nor implemented. Due to a lack of consensus
regarding definitive PTS prophylaxis agents, dosing, and duration, it is important to establish institution-
specific protocols. In this study, we evaluated compliance with these recommendations pertaining to the
use of LEV for early PTS prophylaxis at a tertiary care, academic, level |l trauma center.

Methods

This is a single-center, retrospective chart review of patients = 18 years of age presenting with TBI who
received LEV for early PTS prophylaxis between August 1, 2018, and July 31,2019, at St. Joseph's
University Medical Center in Paterson, NJ. Those with a known hypersensitivity to LEV, pre-admission use
of chronic AED, history of seizure disorder, or lack of documented LEV duration were excluded. Patients
who left against medical advice or died within 7 days of admission were also excluded. Patient
demographics, home medications, past medical history, social history, reason for admission, mechanism
of traumatic brain injury, admission unit and in-hospital mortality were evaluated. Medical records were
also reviewed for AED (drug, dose, frequency, and duration) ordered during hospitalization and EEG. This
study was reviewed and approved by the St. Joseph's Health institutional review board (EX2019-22). All
methods were carried out in accordance with institutional guidelines and regulations.

The primary outcome was duration of LEV for PTS prophylaxis. Duration was defined as the total number
of days LEV was prescribed (loading and maintenance doses) and included in-hospital days plus the

number of days prescribed at discharge. Duration prescribed at discharge was obtained from discharge
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medication reconciliation, physician discharge notes, and prescription fill histories. Secondary outcomes
included incidence of EEG-confirmed seizure, hospital and intensive care unit (ICU) length of stay (LOS).
Additional secondary outcomes evaluated were time to administration of first LEV dose, administration of
LEV loading dose, LEV maintenance dose (milligrams; mg) and frequency, and co-administration or
transition to an alternative AED. All durations, time to initiation, and LOS were measured in calendar days.
Subgroup analyses were performed to identify differences in LEV duration for TBI severity, ICU admission,
ICU LOS (< 7 vs = 7 days), and hospital LOS.

Demographic factors and clinical characteristics were summarized with counts (percentages) for
categorical variables, means and standard deviations for normally distributed continuous variables, and
medians and interquartile ranges for non-normally distributed variables. Median data was compared
using the Mann-Whitney U test and nominal data was compared using the Chi-Square test. All analyses
were performed with Microsoft Excel Tool Pak 2015. Significance was defined as p-value < 0.05.

Results

Of the 290 admissions evaluated, 137 met inclusion criteria. Each admission was included as a separate
patient encounter. Reasons for exclusion were discontinuation of LEV following loading dose (n = 56),
age < 18 years (n = 34), prior use of AEDs (n = 17), lack of documented LEV duration (n = 16), left against
medical advice (n = 16), mortality within 7 days of admission (n = 10), and miscellaneous reasons (n =
4). The mean age was 59+20 years, the majority male (69.3%) and about half White (50.4%). Most
patients presented with mild (77.4%) followed by severe (13.9%) TBI. The mean admission GCS was
13+4. The most common mechanisms of injury were fall (64.2%) and motor vehicle collision (22.6%).
Three-quarters (78.8%) were admitted to the ICU. Additional baseline demographics are shown in Table 1.
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Table 1

Baseline Characteristics (N=137)

Male, n (%) 95 (69.3)
Age (years), mean = SD 60 + 21
Weight (kg), mean + SD 76.3+16.9
BMI (kg/m?), mean + SD 2655
Race, n (%)

White 69 (50.4)
Latino 28 (20.4)
Black 19 (13.9)
Other/Mixed 21 (15.3)
SCr at admission (mg/dL), mean = SD 1.2+26
CrCl at admission, mean + SD 87.6+41.6
Glasgow Coma Score (GCS) at admission, mean = SD 1314
Severity of TBI, n (%)

Mild (GCS 13-15) 106 (77.4)
Moderate (GCS 9-12) 12 (8.8)
Severe (GCS 3-8) 19 (13.9)
Mechanism of TBI, n (%)

Fall 101 (64.2)
Motor vehicle accident 31 (22.6)
Insult to head 17 (12.4)
Other 1(0.7)
BMI = body mass index, CrCl = creatinine clearance, GCS = Glasgow coma score, SCr = serum
creatinine, SD = standard deviation, TBI = traumatic brain injury

The median duration of LEV was 7 (IQR 4-10) days. Only 13.9% of patients were prescribed LEV for
exactly 7 days. Median LEV duration correlated with TBI severity: mild 7 (IQR 4-9.5), moderate 7.6 (IQR
6.5-9.5) and severe 9 (IQR 7-12.8) days. Severe TBI had longer median LEV duration when compared to
mild-moderate TBI patients (7 (IQR 4.5-9.5) vs 9 (IQR 7-12.8) days, p = 0.055). Patients prescribed LEV > 7
days had more than twice the median LEV duration than those prescribed < 7 days (10.3 (IQR 8.5-15.5)
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vs 4 (IQR 1.5-4.5) days, p < 0.0001). (Figure 1. Duration of LEV for PTS Prophylaxis) Patients with in-
hospital LEV duration < 7 days were more likely to be discharged on LEV than those > 7 days (54.88% vs.
17.78%, p < 0.0001).

Thirty-three patients (23.9%) received EEG monitoring. Three patients (2.2%) had EEG-confirmed PTS,
with two (1.46%) meeting criteria for late onset. One patient (0.73%) progressed to status epilepticus, for
whom several risk factors for early PTS (GCS < 10, intracerebral hematoma) and post-traumatic epilepsy
(severe TBI and early PTS prior to discharge, acute intracerebral hematoma, and age > 65 years) were
noted.

A total of 107 patients required ICU admission with a median ICU LOS was 2 (IQR 1-7) days. Median LEV
duration differed significantly among patients requiring ICU admission and those who did not (7.5 (IQR
4.5-10.5) vs 5.3 (IQR 2.3-8.3), p = 0.0223). There was no difference in LEV duration between ICU LOS < 7
days versus = 7 days (7 (IQR 4.3-9.3) vs 7.5 (IQR 4-11.5), p =0.328). Median hospital LOS was 7 (IQR 3-
16) days. Nearly 50% had hospital LOS < 7 days and 42 patients were discharged on LEV prior to hospital
day 7. In-hospital LEV duration was longer when hospital LOS > 7 days versus LOS < 7 days [9 (IQR 7-
12.9) vs. 2.8 (IQR 1.5-3.6) days, p < 0.00001]. Among patients discharged on LEV, those with a hospital
LOS > 7 days had prolonged total (in-hospital and outpatient post-discharge) duration of LEV when
compared to those with LOS < 7 days [11 (IQR 9-31.5) vs. 5.8 (IQR 4.6-10) days, p < 0.05). (Figure

2. Duration of Therapy for Patients Discharged on LEV)

Approximately one-third (30.7%) received a LEV loading dose, with a mean dose of 976 + 107.8 mg. The
loading dose was administered in the emergency department (50%) or the admitting unit (50%) on the
day of admission. The majority (93.4%) of patients received LEV 500 mg twice daily, with therapy starting
on hospital day 0 (65%) or day 1 (33.6%). Two patients (1.5%) had an alternative AED ordered
concurrently, while four (2.9%) were switched from LEV to an alternative AED during hospitalization.
(Table 2)
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Table 2
Secondary Outcomes

Received LEV LD, n (%) 42 (30.7)

LEV LD (mg), mean + SD 976 + 107.8

Location of LEV LD administration, n (%)

Emergency Department 21 (50.0)
In-patient unit 21 (50.0)
LEV MD (mg), mean = SD 500 * 96.8
Missed LEV MD (days), mean + SD 0.3+0.7

AED ordered concurrently, n (%)

Phenytoin 1(0.7)
Valproic Acid 1(0.7)
Switch from LEV to alternative AED, n (%) 4(2.9)

AED = antiepileptic drug, IQR = interquartile range, LD = loading dose, LEV = levetiracetam, MD =
maintenance dose, SD = standard deviation

Discussion

Incidence of early PTS varies with TBI severity, though prophylaxis in the first 7 days may reduce the risk
of post-TBI seizure disorders. In this study, most participants received LEV 500 mg twice daily for at least
7 days, starting on the day of admission. While this dosing scheme and time to initiation coincide with
current recommendations, the total duration in our study did not. Factors contributing to longer duration
of LEV therapy included ICU admission, longer hospital LOS, and higher TBI severity. While it is unclear
why, in-hospital and total LEV duration were greater with longer hospital LOS. This may be due to disease
severity or concern for seizures after day 7, although only 13.9% of the study population presented with
severe TBI. While not directly assessed, other potential reasons for LEV duration > 7 days include
prescriber specialty (critical care, neurosurgery, neurology), standardized AED duration of 30 days in
computerized physician order entry system, and accidental renewals by ordering providers. Of note, two-
fifths of the study population were discharged on LEV with a median total duration of 7.5 days.

The incidence of PTS in our study is significantly lower than prior reports. This may be due to a smaller
percent of patients presenting with severe TBI or lack of detection. Only one-quarter of patients had EEG,
thus the potential for subclinical seizures cannot be ruled out. Our results indicate that for patients
without a prior history of seizures, LEV monotherapy is sufficient. The decision to change to alternative
AED or initiate a combination of AED should be made on a patient specific basis.
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There are several limitations to our study. First, this was a retrospective, single-center cohort study
therefore all data collected was obtained through electronic medical records. As a result, differences in
prescribing patterns among providers were not assessed. Second, despite documentation of LEV at
discharge, we cannot exclude the possibility that patients may not have been continued on or may not
have been adherent to therapy. Third, most patients included had mild TBI therefore our results may not
represent PTS incidence for all TBI severities. Forth, in-hospital subclinical seizures were not evaluated in
most patients. Use of EEG should be considered in patients with more severe TBI and risk factors for PTS.
Lastly, our study did not evaluate for late PTS therefore the incidence may be under-reported.

Conclusions

Most patients in our study had mild or moderate TBI, therefore the incidence of PTS was low. Early PTS
prophylaxis with LEV for 7 days is appropriate, although the majority of patients did not meet the
recommended duration. Efforts to standardize and implement PTS prophylaxis protocols are needed.
Furthermore, prospective, multi-center, randomized studies are needed to further evaluate LEV for PTS
prophylaxis and the relation to TBI severity.

Abbreviations

AED = Antiepileptic drugs

EEG = Electroencephalography
GCS = Glasgow Coma Score
ICU = Intensive care unit

IQR = Interquartile range
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LOS = Length of stay

MG = Milligrams

PHT = Phenytoin

PTS = Post-traumatic seizures

TBI = Traumatic brain injury
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Median LEV duration measured in calendar days were compared among all patients, those with durations
<7,=7 days or > 7 days. All patients had a median LEV duration of 7 days. Of those with LEV durations >
7 days, total median LEV duration was 10.3 days.
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Figure 2

Median LEV duration measured in calendar days were compared among all patients, those with hospital
LOS < 7 days, = 7 day and > 7 days. Of those who had hospital LOS > 7 days, LEV duration was
approximately twice as long compared to those with hospital LOS < or = 7 days.
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