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Abstract

Introduction Pharmacological prophylaxis for early seizures following traumatic brain injury (TBI) is a recom-

mendation in the Brain Trauma Foundation Guidelines. However, several studies have challenged the efficacy and

safety of this practice, resulting in varied practice across centers around the world. The purpose of the present study

was to compare the incidence of early clinical seizures following TBI, between two large centers, a US Center that

practises routine seizure prophylaxis and a Chinese Center that does not use seizure prophylaxis following TBI.

Patients and methods This was a prospective observational study including an urban level I trauma center in the

USA and a large hospital in Shenzhen, China. At the US Center, all patients received seizure prophylaxis with

levetiracetam. At the Chinese Center, no seizure prophylaxis was given. All patients with blunt TBI and positive

computed tomography findings for epidural hematoma, subdural hematoma, subarachnoid hemorrhage, intracerebral

hemorrhage or diffuse axonal injury were included. Patients who died within 24 h of admission were excluded. The

study population was monitored daily for clinical seizures for the first 7 post-injury days. Data collected included

demographics, mechanism of injury, vital signs upon arrival, injury severity and emergency interventions. Primary

outcome was the incidence of early seizures, defined as those occurring within 7 days of injury.

Results A total of 522 patients were included in the analysis: 272 patients at the US Center who received seizure

prophylaxis and 250 patients at the Chinese Center who did not receive prophylaxis. Overall, 3.7% of patients who

received seizure prophylaxis developed early seizures, compared to 2.8% of patients who did not receive any

prophylaxis (p = 0.573). Decompressive craniectomy was associated with the highest incidence of early seizure

(9.2%). In this subgroup, the seizure rate was 10.4% in the prophylaxis group and 7.1% in the no-prophylaxis group

(p = 0.738). Patients with admission GCS\ 9 had an overall early seizure incidence of 7.0%: 4.3% in the pro-

phylaxis group and 14.3% in the no-prophylaxis group (p = 0.062). Analysis of the subgroup with isolated blunt TBI

showed an incidence of early seizures of 3.4% in the prophylaxis group versus 2.4% in the no-prophylaxis group

(p = 0.593). Further analyses of outcomes according to head AIS 3, 4 and 5 showed no significant difference in the

seizure rate between the two groups: head AIS 3: 6.1% in the prophylaxis group versus 2.6% in the no-prophylaxis

group, p = 0.329; head AIS 4: 0 versus 2.7%, p = 0.302; head AIS 5: 8.7 versus 4.0%, p = 0.601.

Conclusions The present study failed to show any benefit of routine early seizure prophylaxis following blunt TBI.

This practice should be reexamined in a large randomized clinical study.
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Introduction

Early pharmacological seizure prophylaxis for traumatic

brain injuries (TBI) is a common practice in most centers in

the USA and is a recommendation in the Brain Trauma

Foundation Guidelines [1]. This recommendation, how-

ever, is based largely on historic level II evidence [2] and

has not been adopted worldwide. A randomized control

study in 1990 reported that phenytoin prophylaxis reduced

the incidence of early post-traumatic seizures; however, it

had no benefit on late-seizure rates [2]. The utility of early

seizure prophylaxis has been challenged with concern for

no clinical benefit and a potential negative cognitive effect

and worsened functional outcome in patients treated with

prophylaxis [3–6].

The purpose of the present study was to compare the

incidence of early clinical seizures following TBI, between

an American trauma center, which practises routine seizure

prophylaxis, and a large urban Chinese hospital, which

does not use seizure prophylaxis after TBI.

Patients and methods

This was a prospective observational study at two large

hospitals: the LAC ? USC Medical Center, in Los Ange-

les, and the Nanshan Hospital, a large, urban hospital in

Shenzhen, China. At LAC ? USC Medical Center, all

patients received seizure prophylaxis with levetiracetam

(Keppra) at a dose of 500 mg every 12 h for 7 days per

hospital protocol. At the Nanshan Hospital, no seizure

prophylaxis was given. Institutional Review Board

approval was obtained at both hospitals. The study was

performed over a 19-month period (Sept 2015–April 2017).

The two hospitals use different protocols in the manage-

ment of traumatic brain injuries. In addition to differences

in seizure prophylaxis, at the Nanshan Hospital, patients

with GCS\ 9 and normal SaO2 do not undergo routine

endotracheal intubation in the emergency room, and ICP

monitoring and decompressive craniectomies for intracra-

nial hypertension are very rarely performed.

All patients with blunt TBI and computed tomography

(CT) findings of epidural hematoma, subdural hematoma,

subarachnoid hemorrhage, intracerebral hemorrhage or

diffuse axonal injury were included in the study. Patients

who died within 24 h of admission were excluded, because

they died due to other major associated injuries or were

non-survivable TBI. The study population was monitored

daily for clinical seizures for the first seven post-admission

days. If there was suspicion of subclinical seizures (nys-

tagmus, facial twitching, changing anisocoria or any other

suspected seizure activity), an EEG was performed.

Data collected included demographics, mechanism of

injury (motor vehicle collision, auto versus pedestrian,

motorcycle collision, auto versus bicycle, fall, assault and

other), vital signs upon arrival to the emergency depart-

ment (ED), ED intubation, craniectomy, intracranial pres-

sure (ICP) monitor placement, injury severity score (ISS)

and Abbreviated Injury Scale (AIS) of each body region

(head, chest, abdomen, extremities). The Abbreviated

Injury Severity (AIS) 2005 grading system was used [7].

Primary outcome was the incidence of early seizures,

defined as those occurring within the first 7 days of

admission. Seizures that were reported before hospital

arrival or in the emergency department or occurred after

post-injury day 7 were not included.

Statistical analysis

Data from both hospitals were recorded into a password-

protected Microsoft Office 2013 Excel spreadsheet. Data

analyses were done by the LAC ? USC Medical Center

using SPSS for windows version 20 (Chicago Inc, IL).

Categorical variables were expressed as percentages and

were compared using Pearson Chi-square test/Fisher exact

test, while continuous variables were expressed as median

with interquartile range (IQR) and compared using Mann–

Whitney U test.

Findings

During the study period, a total 522 patients met inclusion

criteria and were included in the analysis. A total of 272

patients (52.1%) were admitted to LAC ? USC Medical

Center and received seizure prophylaxis, and 250 patients

(47.9%) were admitted to the Nanshan Hospital and did not

receive any prophylaxis. The epidemiologic and clinical

characteristics including interventions of the two study

groups are shown in Table 1. Patients admitted to the

LAC ? USC Medical Center were significantly more

likely to undergo endotracheal intubation in the emergency

room than patients admitted to Nanshan Hospital (41.8 vs

4.8%, p\ 0.001), more likely to have an ICP monitor

placed (37.7 vs 3.2%, p\ 0.001) and more likely to

undergo craniectomy (24.9 vs 16.7% p = 0.022).

There was no difference in the incidence of early sei-

zures between the patients treated with seizure prophylaxis

at LAC ? USC Medical Center and those treated without

prophylaxis at the Nanshan Hospital. Overall, 10 of the 272

(3.7%) patients treated at LAC ? USC Medical Center

developed early seizures, while early seizures developed in

7 of the 250 (2.8%) patients at Nanshan Hospital
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(p = 0.573). After excluding those patients who died or

transferred to other facility within 7 days of admission, the

incidence of early seizures remained similar between the

two groups [LAC ? USC 10/250 (4.0%) vs Nanshan 7/237

(3.0%), p = 0.529].

In the 23 pediatric TBI patients treated at the two hos-

pitals, there were no clinical seizures recorded. Decom-

pressive craniectomy was associated with the highest

incidence of early seizures, 13/109 (11.9%). After

decompressive craniectomy, the seizure rate was 10.4% in

the patients who received prophylaxis and 7.1% in the

patients without prophylaxis (p = 0.738). Patients with

admission GCS\ 9 had an overall seizure incidence of

7.0% (9/128): 4.3% in patients with prophylaxis and 14.3%

in patients without prophylaxis (p = 0.062). In further

analyses of only patients with isolated blunt TBI (exclusion

of patients with extracranial AIS[ 3) the incidence of

early seizures remained similar in the two groups

[LAC ? USC 6/179 (3.4%) vs Nanshan 5/205 (2.4%),

p = 0.593] (Table 2).

Table 1 Blunt TBI patients with/without seizure prophylaxis: epidemiological and clinical characteristics

Total (n = 522) With prophylaxis (n = 272) W/O prophylaxis (n = 250) p-value

Demographics

Gender, male 396 (75.9%) 203 (74.6%) 193 (77.2%) 0.493

Age, years 45 (29–59) 46 (27.5–64) 44 (30–54) 0.199

Mechanism of injury \0.001

MVC 64 (12.3%) 59 (21.7%) 5 (2.0%)

MCC 57 (10.9%) 15 (5.5%) 42 (16.8%)

AVP 101 (19.3%) 72 (26.5%) 29 (11.6%)

AVB 19 (3.6%) 10 (3.7%) 9 (3.6%)

Fall 222 (42.5%) 85 (31.3%) 137 (54.8%)

Assault 42 (8.0%) 19 (7.0%) 23 (9.2%)

Other 17 (3.3%) 12 (4.4%) 5 (2.0%)

ED information

SBP\ 90 mmHg 15 (2.9%) 9 (3.3%) 6 (2.4%) 0.535

GCS\ 9 128 (24.5%) 93 (34.2%) 35 (14.0%) \0.001

Injuries

ISS[ 15 356 (69.7%) 172 (65.9%) 184 (73.6%) 0.058

Isolated TBI 384 (73.6%) 179 (65.8%) 205 (82.0%) \0.001

Intervention

Intubation in ED 125 (23.9%) 113 (41.5%) 12 (4.8%) \0.001

Craniectomy 109 (20.9%) 67 (24.6%) 42 (16.8%) 0.028

ICP monitoring 110 (21.1%) 102 (37.5%) 8 (3.2%) \0.001

Transferred to OSH before day 7 17 (3.3%) 9 (3.3%) 8 (3.2%) 0.944

W/O without, MVC motor vehicle collision, MCC motorcycle collision, AVB auto versus bike, AVP auto versus pedestrian, ISS injury severity

score, SBP systolic blood pressure, TBI traumatic brain injury, ICP intracranial pressure, OSH outside hospital, LOS length of stay, ED

emergency department

Table 2 Early seizures: prophylaxis versus no prophylaxis

Seizure rate p-value

Total (N = 272) With prophylaxis Without prophylaxis

Total population 17/522 (3.3%) 10/272 (3.7%) 7/250 (2.8%) 0.573

Isolated TBI 11/384 (2.9%) 6/179 (3.4%) 5/205 (2.4%) 0.593

Craniectomy 10/109 (9.2%) 7/67 (10.4%) 3/42 (7.1%) 0.738

GCS\ 9 9/128 (7.0%) 4/93 (4.3%) 5/35 (14.3%) 0.062

Children (age B 14) 0/19 (0.0%) 0/15 (0.0%) 0/4 (0.0%) –
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Subgroup analysis stratified by head AIS 3, 4 and 5

showed no significant difference in the seizure rate

between the two groups: head AIS 3: 6.1% in the pro-

phylaxis group versus 2.6% in the no-prophylaxis group,

p = 0.329; head AIS 4: 0 versus 2.7%, p = 0.302; head

AIS 5: 8.7 versus 4.0%, p = 0.601 (Table 3).

Discussion

Post-traumatic seizures may occur early or late after TBI.

Seizures occurring within 7 days of the injury are classified

as early and are not considered to be epilepsy. On the other

hand, seizures occurring after 7 days of admission are

classified as late and are considered epilepsy [8, 9]. The

prognosis and treatment of the two types of seizures are

different. Any TBI, including minor injuries, may be

complicated by early seizures. Pediatric patients, severe

TBI, acute intracerebral hematomas, acute subdural

hematomas and penetrating injuries are all associated with

a higher risk of early post-traumatic seizures [10–13].

The reported incidence of early post-traumatic seizures

without prophylaxis varies across the literature, largely due

to the heterogeneity of the study populations and associated

risk factors. In a collective review of the literature, the

incidence of early seizures ranged from 2.1 to 16.9%

[2, 12, 14]. In the present study, the incidence of early

seizures with no prophylaxis was 2.8%, which is similar to

other reports [14, 15].

Early post-traumatic seizures may precipitate secondary

brain injury by increasing cerebral metabolic demands,

increasing intracranial pressure and aggravating brain

edema [15]. In addition, patients with early seizures have

been shown to be at higher risk for the development of

epilepsy compared with those without early seizures [16].

For these reasons, pharmacological prophylaxis has been

used to reduce the risk of early seizures. The most com-

monly used medications for prophylaxis are phenytoin and

levetiracetam, administered for 7 days post-injury. Both

medications show similar rates of early seizures. In a

prospective multicenter study of 813 patients who received

seizure prophylaxis, the incidence of early seizures was

1.5% with phenytoin and 1.5% with levetiracetam [17].

Similar results were reported by other smaller studies [18]

or collective reviews [19].

The Brain Trauma Foundation Guidelines include a

level II recommendation for early pharmacologic seizure

prophylaxis [1]. Although this recommendation is endorsed

by many professional organizations, the role of early

pharmacological seizure prophylaxis on outcome is

unclear. The recommendation is largely based on a ran-

domized study performed in 1990 by Temkin et al. [2]. In

this study, 404 trauma patients with blunt or penetrating

TBI were randomized to receive phenytoin (n = 208) or

placebo (n = 196) for 1 year. Phenytoin was associated

with a significantly lower incidence of early seizures than

placebo (3.6 vs 14.2%, p\ 0.001), but there was no effect

on late-seizure rates. These results, however, could not be

replicated in subsequent analyses, which report conflicting

outcomes. Young et al. conducted a randomized study of

244 patients with TBI, assigned to receive phenytoin or

placebo within 24 h of injury [6]. The study reported no

significant difference in the incidence of early seizures

between groups (3.7% in placebo and 3.7% in prophylaxis

groups). Dikmen et al. in a randomized study of 244 of

TBI, who received prophylactic phenytoin or placebo,

reported that, in the severely injured, phenytoin signifi-

cantly impaired the performance at 1 month, and suggested

that phenytoin had negative cognitive effects [5]. Bhullar

et al. in a retrospective study of 93 adults with TBI found

no difference in the incidence of early seizures between

patients receiving phenytoin prophylaxis and patients not

receiving prophylaxis (4 vs. 2.3%], p = 1) [3]. The pro-

phylaxis group had a significantly longer hospital stay and

a significantly worse functional outcome at discharge than

the no-prophylaxis group, further supporting the potential

negative effects of pharmacologic prophylaxis.

Despite the Brain Trauma Foundation Guidelines rec-

ommendation for early seizure prophylaxis, and perhaps in

part due to concerns regarding efficacy, compliance with

this recommendation varies from country to country and

from center to center. A 1996 survey of 127 neurosurgical

departments in Europe reported that TBI seizure prophy-

laxis was practised always in 12%, never in 36% and

sometimes in 52% of centers [20]. In a 2007 Canadian

survey of 99 neurosurgeons and 148 critical care physi-

cians, the use of seizure prophylaxis for traumatic epidural

hematoma was graded as ‘‘uncertain appropriateness’’ [21].

The current study showed that the incidence of early

post blunt TBI clinical seizures is low, confirming the

results of recent prospective studies [17]. It also demon-

strated that routine early seizure prophylaxis may not be

effective. This finding was consistent overall and across

different injury severities with similar seizure rates

regardless of prophylaxis in moderate or severe TBI with

head AIS 3,4 or 5 or admission GCS\ 9. Additionally,

Table 3 Early seizures according to head AIS: prophylaxis versus no

prophylaxis

With prophylaxis Without prophylaxis p-value

Head AIS 3 8/131 (6.1%) 2/77 (2.6%) 0.329

Head AIS 4 0/76 (0.0%) 4/147 (2.7%) 0.302

Head AIS 5 2/23 (8.7%) 1/25 (4.0%) 0.601
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craniectomy has been reported as a significant risk factor

for early seizures [22]. Despite this, seizure prophylaxis in

this subgroup of TBI patients did not have any effect on the

seizure rate.

Although no statistical difference was found, in the

group of patients with GCS\ 9, the use of seizure pro-

phylaxis had a trend toward lower incidence of early sei-

zures. There could be two explanations for this trend. First,

at LAC ? USC Medical Center, patients with a GCS\ 9

are routinely intubated on arrival. These patients are not

only more likely to receive benzodiazepines, but the

ongoing sedation medications during mechanical ventila-

tion may mask clinical seizures. Second, it is possible that

seizure prophylaxis may have a protective effect in this

subpopulation.

The present study has the strength of its large number of

patients, its prospective nature and meticulous data col-

lection. However, it is not randomized and this poses some

questions. The two participating centers follow different

practices in the management of TBI, such as emergency

department endotracheal intubation in patients for

GCS\ 9, differing thresholds for use of ICP monitoring

devices and the variable role of decompressive craniec-

tomy. The role of these interventions has not been proven,

and recent studies challenged the value of ICP placement

and decompressive craniectomies [8, 23]. Another possible

limitation is the lack of specific description of CT scan

findings partially addressed by the head AIS, which is

based on the CT scan findings. The AIS classification takes

into account compression of the ventricles or brain stem

compression/herniation. These findings are classified as

AIS 5 or 6 (non-survivable). Subanalysis according to head

AIS 3, 4 and 5 showed no difference in the incidence of

early seizures.

Another unanswered question is the incidence of sub-

clinical seizures in comatose patients, as no routine EEG

monitoring was performed in the obtunded patients.

However, almost all published studies on early seizure

prophylaxis, including the seminal randomized study by

Temkin et al. [2] which formed the basis of the Brain

Trauma Foundation Guidelines, used only clinical seizures

as the outcome of seizure prophylaxis. Finally, the study

included only blunt TBI. Penetrating TBI has a much worse

prognosis and higher incidence of early seizures. It is also

possible that other select subgroups of TBI may benefit

from prophylaxis.

These findings, in addition to the concerns about the

reported negative neurobehavioral effects of phenytoin

prophylaxis [5], should call into question the current

practices and Brain Trauma Foundation Guidelines

regarding routine early seizure prophylaxis in blunt TBIs.

Having in mind the importance and implications of TBI, it

is imperative that this issue is revisited and a well-designed

randomized study is performed.
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