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Abstract

Background Traumatic brain injury (TBI) is a well-known

risk factor for seizures. We aimed to identify the frequency

and risk factors for seizure occurrence during hospitaliza-

tion for TBI.

Methods We used ICD-9-CM codes to identify patients

18 years of age or older from the National Trauma Data

Bank who were admitted with TBI. We also used ICD-9-

CM codes to identify the subset who had seizures during

hospitalization. Patient demographics, comorbidities,

Glasgow Coma Scale (GCS) score, Injury Severity Score

Abbreviated Injury Scale (ISSAIS), in-hospital complica-

tions, and discharge disposition were compared in the

seizure group (SG) and no-seizure group (NSG).

Results A total of 1559 patients had in-hospital seizures,

comprising 0.4% of all patients admitted with TBI. The

mean age of SG was 3 years older than NSG [51 vs. 48;

p < 0.0001]. African-American ethnicity (20 vs. 12%,

p < 0.0001) and moderate TBI (8 vs. 4%, p < 0.0001)

were more common in SG. History of alcohol dependence

was more common in the SG (25 vs. 11%, p < 0.0001).

Fall was the most common mechanism of injury in SG (56

vs. 36% in NSG; p < 0.0001). Subdural hematoma was

more common in SG (31 vs. 21%, p < 0.0001). SG had

higher rates of pneumonia, ARDS, acute kidney injury, and

increased ICP. The average length of hospital stay was

significantly higher in SG (10 vs. 6 days, p < 0.0001), and

these patients had higher rate of discharge to nursing

facility (32 vs. 25%, p < 0.0001).

Conclusion In-hospital seizures occur in 0.4% of all TBI

patients. Although infrequent, seizure occurrence is asso-

ciated with higher rates of hospital complications such as

pneumonia and ARDS and is an independent predictor of

longer hospital stay and worse hospital outcome.
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Introduction

Traumatic brain injury (TBI) is an important public health

issue that accounts for approximately 1.7 million emer-

gency room visits, approximately 275,000 hospitalizations,

and 52,000 deaths each year in the USA [1, 2]. Seizures are

a well-known complication after TBI that can worsen the

functional outcome in these patients. According to the

current guidelines from the American Academy of Neu-

rology and the Brain Trauma Foundation, seizure

prophylaxis is recommended during the first week after

severe TBI [2, 3].

Early post-traumatic seizures (EPTS) are defined as

seizures occurring within the first week after trauma, and

their incidence ranges between 2.1 and 16.9% [4]. EPTS

are a strong predictor of late post-traumatic seizures and

epilepsy. In fact, up to 5% of all epilepsy cases and 20% of

lesional epilepsy are post-traumatic [5]. Therefore, identi-

fying the risk factors for EPTS is very important. The aim

of this study was to find the prevalence of seizures during

hospitalization for TBI in a nationwide database, identify
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the risk factors for seizure occurrence, and assess the

impact of seizure on hospital course.

Methods

Study Population

Patient data files from the National Trauma Data Bank

(NTDB) between January 1, 2009, and December 31, 2010,

were analyzed. NTBD is the largest and the most complete

trauma database compiled by the American College of

Surgeons in the USA. The database contains uniformly

collected clinical, demographic, and external cause and

outcome information on over three million cases from over

900 registered US trauma centers [6].

Patients aged 18 years or older with TBI were identified

by the International Classification of Diseases, Ninth

Revision, Clinical Modification (ICD-9-CM) diagnosis

codes for TBI (800.0–801.99, 803.0–804.99, or

850.0–854.19), and similar to previous epidemiological

publications on TBI [6, 7]. Variables including demo-

graphics; injury severity score abbreviated injury scale

(ISSAIS); GCS score; comorbidities; type and mechanism

of injury; intracranial hemorrhage; and hospital complica-

tions and outcome measurements including total hospital

stay, in-hospital mortality, intensive care unit (ICU) days,

ventilator days, and discharge destinations were retrieved

for each patient. Seizure occurrence during hospital stay

was ascertained using ICD-9-CM diagnosis code for sei-

zure (345, 345.00-345-99, and 780.39), similar to

previously published studies [8, 9].

Statistical Analysis

Seizure incidence in TBI patients was calculated, and

seizure risk factors were compared with TBI patients who

did not have seizures. Patient demographics, comorbid

conditions, type and mechanism of injury, in-hospital

complications, ICU days and length of hospital stay,

ventilator days, in-hospital mortality, and discharge des-

tination were compared between TBI patients with

seizures and those without seizures. Chi-square test and t-

test were used for categorical data and for continuous

data, respectively, with a p value <0.05 considered sta-

tistically significant.

Multivariate linear regression was used to determine the

impact of seizures on length of ICU stay, ventilator support

and duration of hospital stay after adjusting for age, gender,

admission GCS score, and ISSAIS. In a similar fashion,

multivariate logistic regression analysis was performed to

identify the impact of seizure on in-hospital mortality and

discharge destination after adjusting for the confounding

factors. We used the SAS 9.3 software (SAS Institute,

Cary, NC) for statistical analysis.

Results

We identified a total of 360,863 patients aged 18 years or

older with TBI between January 2009 and December 2010.

Among these, 1559 patients (0.4%) had seizures during

their hospital stay. Table 1 summarizes the demographics,

basic characteristics, comorbidities, and hospital course for

the seizure group (SG) and the no-seizure group (NSG).

The mean age of the SG was approximately 3 years

higher than that of the NSG [51 (50–52) vs. 48.2

(48.1–48.3); p < 0.0001]. The rate of African-American

ethnicity was 8% higher in the SG (20 vs. 12%,

p < 0.0001). Similarly, white ethnicity accounted for

lower percentage patients in the SG (68 vs. 70%,

p = 0.004). The mean GCS score was one point lower in

the SG (12 vs. 13, p = 0.45). Similar to the NSG, mild TBI

(GCS score >12) occurred in more than 2/3 of subjects in

the SG (71%). However, the rate of moderate TBI (GCS

score 9–12) was significantly higher in the SG (8 vs. 5%,

p = 0.003). The rate of sever TBI (GCS score <9) was

also significantly higher among SG (21 vs. 15%),

p < 0.0001). The total ISSAIS was roughly 1 points lower

in the SG [13.97 (13.52–14.42) vs. 14.78 (14.74–14.82),

p < 0.0001]. However, the head AIS score (it is a score of

1–6, 6 being maximum injury and non-survivable) was

higher in SG [3.15 (3.08–3.22) vs. 2.87 (2.87–2.88),

p B 0.0001].

The mean EMS transfer time and blood pressure on

hospital arrival were not different between the two groups.

Subjects in the SG had significantly higher rates of

smoking, obesity, hypertension, myocardial infarction, and

diabetes (Table 1). Similarly, the rate of prior cerebrovas-

cular accident (11 vs. 2%, p < 0.0001) and alcohol abuse

(25 vs. 11%, p < 0.0001) was higher in the SG. A total of

13% of the SG had alcohol intoxication on hospital arrival,

which was significantly lower than 24% rate among the

NSG (p < 0.0001).

Intracranial hemorrhage was more common in the SG

(47 vs. 36%, p < 0.0001), although no differences were

seen regarding the rates of subarachnoid, epidural, or

intraparenchymal hemorrhages. However, subdural hem-

orrhage was more common in the SG (31 vs. 21%,

p < 0.0001). Pneumonia, acute respiratory distress syn-

drome (ARDS), acute renal failure (ARF), and pulmonary

embolism were higher in the SG (Table 1). The two groups

had similar rates of acute stroke during hospital stay.

Notably, the rate of decompression for skull fracture was

significantly higher among SG (2 vs. 1%, p = 0.013).

Similarly, patients with seizure had higher rate of
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Table 1 Demographic, baseline characteristics, comorbidities, and hospital outcome among TBI patients with and without in-hospital seizure

TBI with seizure (N = 1559) TBI w/o seizure (N = 359,304) p value

Age (mean; 95% CI) 51 (50–52) 48.2 (48.1–48.3) <.0001

Gender (male) 1066 (68%) 241,754 (67%) 0.36

Ethnicity <.0001

White 1061 (68%) 252,518 (70%)

African-American 314 (20%) 42,508 (12%)

Others 184 (12%) 64,278 (18%)

Admission GCS score (mean; 95% CI) 12 (11.99–12.43) 13 (12.83–12.86) 0.001

Severity of TBI <.0001

Mild TBI (GCS >12) 1051 (71%) 273,327 (80%)

Moderate TBI (GCS 9-12) 123 (8%) 15,467 (5%)

Severe TBI (GCS <9) 298 (21%) 54,545 (15%)

Admission ISSAIS (mean; 95% CI) 13.97 (13.52–14.42) 14.78 (14.74–14.82) <.0001

Head AIS score (mean; 95% CI) 3.15 (3.08–3.22) 2.87 (2.87–2.88) <.0001

Admission systolic blood pressure 142 ± 28 140 ± 27 0.07

EMS arrival time (min) 80 (69–91) 75 (74–76) 0.59

Comorbidity

Smoking 207 (13%) 31,566 (9%) <.0001

Obesity 58 (4%) 6974 (2%) <.0001

History of CVA 165 (11%) 8347 (2%) <.0001

History of MI 68 (4%) 5225 (1%) <.0001

Diabetes 193 (12%) 33,752 (9%) <.0001

History of hypertension 614 (39%) 82,797 (23%) <.0001

History of alcohol abuse 394 (25%) 39,014 (11%) <.0001

Alcohol intoxication 196 (13%) 84,657 (24%) <.0001

Intracranial hemorrhage

Subdural hemorrhage 484 (31%) 75,063 (21%) <.0001

Subarachnoid hemorrhage 302 (19%) 64,320 (18%) 0.13

Epidural hemorrhage 32 (2%) 6761 (2%) 0.62

Intraparenchymal hemorrhage 142 (9%) 33,032 (9%) 0.91

Hospital complications

Pneumonia 134 (9%) 14,624 (4%) <.0001

Stroke 6 (0.4%) 1039 (0.3%) 0.48

ARDS 151 (10%) 7454 (2%) <.0001

AKI 61 (4%) 2833 (1%) <.0001

DVT 39 (3%) 4763 (1%) <.0001

PE 15 (1%) 1429 (0.4%) 0.0004

Increased ICP 15 (1%) 1181 (0.3%) <.0001

Blood product transfusion 233 (15%) 20,285 (7%) <.0001

Decompression of skull fracture 26 (2%) 3718 (1%) 0.013

Craniotomy 75 (5%) 11,985 (3%) 0.002

CNS infection 14 (0.9%) 38 (0.01%) <.0001

ICU days (mean; 95% CI) 6.7 (6.2–7.3) 5.5 (5.4–5.5) <.0001

Days on mechanical ventilation (mean; 95% CI) 7.1 (6.3–7.8) 6.4 (6.3–6.4) 0.04

Length of hospital stay (mean; 95% CI) 9.6 (8.9–10.3) 6.3 (6.2–6.3) <.0001

Discharge

Home 886 (60%) 211,786 (68%) <.0001

Nursing facility 475 (32%) 76,109 (25%) <.0001

In-hospital mortality 121 (8%) 22,286 (7%) 0.14

CI confidence interval, GCS Glasgow Coma Scale, ED Emergency Department, ISSAIS injury severity score abbreviated injury scale, EMS

emergency medical service, BP blood pressure, CVA cerebrovascular accident, MI myocardial infarction, ARDS acute respiratory distress

syndrome, ARF acute renal failure, DVT deep vein thrombosis, PE pulmonary embolism, CNS central nervous system, ICU intensive care unit
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craniotomy during hospital stay (5 vs. 3%, p = 0.002). Of

note, the SG had higher rate of blood product transfusion

(15 vs. 7%, p < 0.0001) and significantly higher rate of

CNS infection (0.9 vs. 0.01%, p < 0.0001).

The average length of total hospital stay was more than

3 days longer in the SG (9.6 vs. 6.3, p = 0.0002). Also, the

length of ICU stay was longer among SG (7 vs. 5 day,

p < 0.0001) and SG had longer average days of being on

mechanical ventilation (7 vs. 6 days, p = 0.04). The SG

subjects had a significantly higher rate of discharge to

nursing facilities (32 vs. 25%, p < 0.0001) and a lower

rate of discharge to home (60 vs. 68%, p < 0.0001). The

rate of in-hospital mortality was not statistically different

between two groups (8 vs. 7%, p = 0.14) (see Table 1).

Table 2 summarizes the prevalence of different mech-

anism of injury for both groups. While the rates of motor

vehicle accidents, pedestrian injury, and firearm injury

were lower in the SG, fall was the mechanism of injury in

more than half of the patients in the SG (59 vs. 36%,

p < 0.0001). As shown in Table 3, the rate of skull frac-

ture was slightly lower in the SG (22 vs. 23%, p = 0.41).

The rate of closed fracture was not different between the

two groups. However, open skull fracture was threefold

lower in the SG (0.4 vs. 1.5%, p = 0.008).

The length of hospital stay remained significantly higher

in the SG after adjusting for age, ethnicity, GCS score,

injury severity, comorbidities, subdural hemorrhage, CNS

infection, blood transfusion, ARDS, ARF, and pneumonia

[1.57 (1.42–1.69), p < 0.0001]. Similarly, the odds of

discharge to a nursing facility remained significantly higher

for the SG after adjusting for the aforementioned con-

founding factors [1.18 (1.05–1.49), p = 0.007] and these

patients had lower odds of discharge to home even after

adjusting for age, ethnicity, GCS score, injury severity,

comorbidities, subdural hemorrhage, CNS infection, blood

transfusion, ARDS, ARF, and pneumonia [0.85

(0.75–0.96), p = 0.02] (Table 4).

Discussion

In our analysis, seizures occurred in only 0.4% of adult

patients admitted to hospitals with TBI. We found associ-

ation between in-hospital seizures and age, African-

American ethnicity, obesity, hypertension, diabetes, history

of myocardial infarction and cerebrovascular accident,

cigarette smoking, and alcohol abuse. The rate of severe

TBI (GCS score B9) was higher among seizure group

compared to non-seizure group. Moreover, seizure group

had higher rates of complications including pneumonia,

ARDS, acute renal failure, pulmonary embolism, and

increased ICP during their hospital stay.

Early post-traumatic seizure (EPTS) is a well-known

complication of TBI that can induce secondary brain injury

and worsen outcome [10, 11]. It is also a well-recognized

risk factor for the development of late post-traumatic sei-

zure with a higher relative risk of developing epilepsy than

the general population: 1.5 for mild TBI, 2.9 for moderate

TBI, and 17 for severe TBI [10, 12, 13]. The reported

incidence of EPTS varies from 1 to 26% among previous

studies based on the patient age group; population selection

criteria, including type of injury and severity of trauma;

and use of clinical convulsive seizure as the endpoint

versus EEG-based diagnosis [4, 14, 15].

We demonstrated that seizures during hospitalization for

TBI are an independent predictor of longer hospital stay as

well as higher probability of discharge to a nursing facility

as opposed to discharge to home, even after adjusting for

confounding variables such as demographics, presence of

ICH, admission GCS score, injury severity, CNS infection,

transfusion, and history of MI and stroke. This finding is in

agreement with previous studies showing negative impact

of EPTS on outcome including longer hospital stay [16].

We found no difference in the length of ICU stay between

patients with seizure and those without seizure after

adjusting for all confounding factors. This is similar to the

results of a smaller study that demonstrated increased

Table 2 Mechanism of injury among TBI patients with and without

in-hospital seizure

TBI with

seizure

(N = 1559)

TBI w/o

seizure

(N = 351,100)

p value

Mechanism of injury

Motor vehicle accident 297 (19%) 121,553 (34%) <.0001

Pedestrian 44 (3%) 15,129 (4%) 0.006

Fall 880 (56%) 129,441 (36%) <.0001

Firearm 15 (1%) 8204 (2%) 0.005

Others 323 (21%) 84,977 (24%) 0.001

Table 3 Type of skull fracture among TBI patients with and without

in-hospital seizure

TBI with

seizure

(N = 1559)

TBI w/o

seizure

(N = 359,304)

p value

Type of injury

Skull fracture 341 (22%) 81,817 (23%) 0.41

Open skull fracture 7 (0.5%) 5285 (1.5%) 0.008

Close skull fracture 99 (6%) 21,324 (6%) 0.48

Close skull base

fracture

264 (17%) 60,527 (17%) 0.92

Open skull base

fracture

19 (1.2%) 5629 (1.6%) 0.26
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length of hospital stay with no increase in ICU stay in TBI

patients with status epilepticus in a study of 87 patients

with acute TBI requiring pediatric ICU admission [15]. In

our study, the rate of in-hospital mortality was not different

between SG and NSG, and this finding is similar to pre-

viously published population-based study which showed

seizure does not increase in-hospital mortality rate among

patients with intracerebral hemorrhage [8].

To our knowledge, our study is the first population-

based study demonstrating association between African-

American race and in-hospital seizure in patients with TBI.

This association might be further explained by racial dis-

parity in TBI outcome shown in previous studies [17, 18].

A recent prospective study by Ritter et al. [10] showed

increased relative risk of late post-traumatic seizure among

black race. Prospective studies are required to expand our

understanding of impact of race on incidence of early post-

traumatic seizure.

As regards to the mechanism of TBI, fall was the most

common cause of TBI in patients with seizure, followed by

motor vehicle accidents. While even in subjects with no

seizures, falls and motor vehicle accidents were also the

two most common mechanisms of TBI, and their incidence

was significantly higher in the seizure group. We also

found a higher rate of subdural hemorrhage in the seizure

group. Remarkably, there was no difference in the rates of

intraparenchymal, subarachnoid, and epidural hemorrhages

between the two groups. Open skull fractures were more

common in the non-seizure group. Subdural hematoma has

been previously reported as strong risk factor for early

seizure after TBI along with brain contusion and intra-

parenchymal hemorrhage [4, 12, 13].

One reason for the lower incidence of seizure in our TBI

cohort may be the increased use of prophylactic anticon-

vulsants in our cohort which is from 2008 to 2010

compared with older reports. Also, lack of universal pro-

tocol and therefore variable utilization of continuous video-

EEG monitoring (V-EEG) among participating centers in

our study could have potentially affected the overall sei-

zure detection [19]. The large nationwide database we

queried does not specify whether the seizure diagnosis was

based on clinical observation or EEG findings. Several

studies highlighted the importance of using continuous

V-EEG in the diagnosis of non-convulsive seizures

[20, 21]. In the neuro-ICU, up to 34% of patients on con-

tinuous V-EEG are found to have non-convulsive seizures,

of which 76% have non-convulsive status epilepticus

[20, 22]. In addition, 9% of comatose patients with no

history of clinical seizures are found to have non-convul-

sive status epilepticus when monitored by V-EEG [23]. In a

prospective study of 94 patients with moderate to severe

TBI who underwent V-EEG from the time of admission to

the ICU up to 14 days after injury, Vespa et al. [24]

reported 22% seizure incidence with more than half of the

seizures being non-convulsive, which were diagnosed

exclusively by EEG.

Other limitations of our study are related to utilizing the

ICD-9-CM diagnostic codes [7]. Although these codes are

frequently used to describe the epidemiology of TBI, dif-

ferent studies reported that their sensitivity and specificity

range from 61 to 95% [25] [15]. In addition, TBI patients

are at increased risk of developing metabolic derangement

and CNS infections and are treated with a variety of

medications that can be epileptogenic. It remains indeter-

minate whether those patients developed provoked (caused

by toxins, medications or metabolic derangement), unpro-

voked (seizures associated with epileptic syndrome), or

acute symptomatic (seizures caused by TBI, CVA,

encephalitis/meningitis) seizures [26], which might have

potentially affected the total number of the seizure group in

this study. Also, due to the retrospective nature of our

study, cautious data interpretation is required. For instance,

although we identified direct association between severe

TBI and higher hospital complications and early in-hospital

seizures, no further conclusions regarding the cause–effect

relationship between these variables can be drawn. Another

potential limitation is the use of prophylactic anti-seizure

medication in TBI patients, which can prevent the occur-

rence of acute seizures, thus affecting the number of the

seizure group in our study. Due to the retrospective nature

of our study, information regarding possible administration

of anti-seizure medication or any sedative medications was

not available.

Nevertheless, our study may have several potential

clinical implications. In-hospital seizures in patients with

TBI should not be underdiagnosed as they are associated

with higher rates of hospital complications including

pneumonia, ARDS, acute kidney injury, and increased ICP

and CNS infection. Seizures also independently predict

longer hospital stays and poor hospital outcome. The

Table 4 Multivariate analysis* comparing hospital outcome between

TBI patients with and without in-hospital seizure

TBI with seizure

(N = 1559) OR

(95% CI)

p value

Length of hospital stay (days) 1.57 (1.42–1.69) <.0001

Length of ICU stay (days) 1.12 (0.99–1.26) 0.07

Length of mechanical ventilation (days) 0.96 (0.81–1.13) 0.62

Discharge to home 0.85 (0.75–0.96) 0.02

Discharge to nursing facility 1.18 (1.05–1.49) 0.007

In-hospital mortality 1.03 (0.83–1.28) 0.79

* Adjusted for age, race, GCS score, injury severity, presence of

subdural hemorrhage, mechanism of injury, pneumonia, ARDS, acute

kidney injury, CNS infection, blood product transfusion, history of

alcohol dependence, myocardial infarction and stroke
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clinical impact of early in-hospital seizure suggests the

need for more frequent use of continuous video-EEG

monitoring particularly in high-risk TBI patients including

patients with lower GCS score, subdural hematoma, and

craniotomy. This will assist in early recognition of seizure

and may result in improved outcome via implementation of

appropriate management.
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