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Abstract

The objective of this study was to examine the mortality rates in individuals with traumatic brain injury (TBI)
who were classified as having experienced late post-traumatic seizures (LPTS) in the first 2 years post-TBI
compared to those who were seizure-free (non-LPTS). Participants were a pooled sample (n¼ 508) from two
studies which enrolled individuals with TBI who were injured between March 31, 1992 and December 20, 1999.
The first sample was made up of individuals enrolled in a study of risk factors for LPTS development; the second
sample was composed of individuals enrolled in the TBI National Database from a single rehabilitation center.
Seventy-one (14%) participants had LPTS, of which 27% had died at 8–15 years post-injury, as compared to 10%
of non-LPTS participants. Individuals with LPTS died at a younger age (54.1 versus 67.7 years; p¼ 0.01), but
there were no statistically significant differences in either time from date of injury to death or highest GCS score
in the first 24 h. Causes of death were variable and not specifically related to epilepsy. Of those with LPTS, risk
factors for death include advanced age at time of injury and presence of subdural hematoma. The higher
mortality rate and death at younger age with variable causes in TBI individuals with LPTS warrant close medical
evaluation and monitoring of these individuals, particularly accessibility and compliance with ongoing general
medical care, and education of primary care colleagues of the unique needs of this at-risk population.
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Introduction

Traumatic brain injuries (TBI) account for 20% of
symptomatic epilepsy in the general population and 5%

of all epilepsy (Hauser et al., 1991). Post-traumatic seizures
(PTS) are classified thusly: immediate, within the first 24
hours post-injury; early, during the first week post-injury; and
late, more than 7 days post-injury (Brain Injury Special In-
terest Group of the American Academy of Physical Medicine
and Rehabilitation, 1998). The incidence of late PTS (LPTS)
ranges from 5–19% in civilian populations, and is much
higher, 32–50%, in the military (Aiskainen et al., 1999; Eng-
lander et al., 2003; Jennett, 1975; Salazar et al., 1985). Ap-
proximately one-half to two-thirds of individuals with LPTS
experience the initial seizure within the first 12 months post-
injury, and more than 75% by the end of the second year
(Caveness et al., 1979; DaSilva et al., 1990; Englander et al.,
2003; Salazar et al., 1985). The risk factors associated with the
development of LPTS are age, penetrating injuries, multiple
neurosurgical procedures, injury severity, lesion location, in-
tracranial hemorrhage, and occurrence of early PTS (Anne-
gers et al., 1980; Annegers et al., 1998; Brandvold et al., 1990;

Caveness et al., 1979; Desantis et al., 1979; Englander et al.,
2003; Glotzner et al., 1983; Jennett, 1975; Kollevold, 1979;
Salazar et al., 1987).

Once the first LPTS has occurred, the risk of experiencing
others increases dramatically (Annegers et al., 1998; Courjon,
1970; Haltiner et al., 1997; Jennett, 1973). Morbidity for those
who experience seizures includes loss of driving privileges,
decreased employability, and increased emergency depart-
ment visits, physician visits, and pharmacy and laboratory
costs (Annegers et al., 1998; Courjon, 1970; Haltiner et al.,
1997; Jennett, 1973). There is also the added burden to the
person with TBI and caregivers in living with epilepsy (Kobau
et al., 2007; Wiebe et al., 1999). Mortality rates in individuals
with epilepsy of any cause are estimated to be two to five
times higher than in the normal population (Lhatoo and
Sander, 2005; Nilsson et al., 1997), and it is believed that one
of the major causes for the increased mortality rates is the
concomitant TBI that caused the post-traumatic epilepsy
(Annegers and Coan, 1999). Standardized mortality ratios for
symptomatic epilepsy, regardless of cause of death, range
from 2.2–4.9 (Cockerell et al., 1994; Hauser et al., 1980; Nilsson
et al., 2003; Shackleton et al., 1999). The risk of death following
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the diagnosis of epilepsy is greater in the first 2 years, a 16-fold
higher risk, decreasing to a twofold increased risk 15 years
after diagnosis (Shackleton et al., 1999).

The impact of having a TBI and LPTS has not been ex-
amined in depth with respect to mortality. In general, life
expectancies of individuals with TBI are reduced (Shavelle
and Strauss, 2000; Strauss et al., 1999), but the specific
causes for the increased mortality rate are largely unclear
(Harrison-Felix et al., 2004; Shavelle et al., 2001). A large-
scale study in the United Kingdom of individuals with TBI
injured between 1948 and 1961 found that there was an
increased risk of dying from epilepsy, as well as pneumo-
coccal meningitis, suicide, accidents, and respiratory disease
in this population (Roberts, 1979). In a more recent exami-
nation of 2320 Californians with long-term TBI of up to 28
years, 12 deaths were reported from seizures, whereas the
expected number for this age group without TBI was 0.5, re-
sulting in a standardized mortality ratio of 24.3 [observed=
expected deaths (Shavelle and Strauss, 2000)]. Two studies
from the TBI Model Systems (TBIMS) national database
have examined mortality in individuals with TBI who sur-
vive at least 1 year post-injury. The first study determined
that the overall mortality rate for individuals in the TBIMS
database who had survived the first year post-injury was
7.4% (Harrison-Felix et al., 2004). The occurrence of a sei-
zure during inpatient rehabilitation was associated with a
55% increased risk of dying after 1 year post-TBI; however,
when a multivariate regression analysis was performed, the
occurrence of a seizure no longer contributed to mortality
prediction. Only older age, being unemployed at the time of
injury, and greater disability at rehabilitation discharge re-
mained significantly associated with mortality (Harrison-
Felix et al., 2004). The study did not examine mortality
specifically in relation to when seizures first occurred after
rehabilitation discharge; thus the seizure events were a
mixture of early and late PTS. The second study examined
causes of death after 1 year post-TBI, and it was found that
the overall rate of death due to seizure was 4% in the
sample; this corresponded to a 37 times higher likelihood of
an individual with TBI dying from a seizure than the gen-
eral population (Harrison-Felix et al., 2006). However, this
study did not specifically examine individuals with TBI and
known LPTS to determine mortality rate and causes of
death compared to individuals with TBI alone.

Recognizing the increased mortality rates in persons with
epilepsy, the significant percentage of individuals with TBI
who experience LPTS, and the reports that seizures are asso-
ciated with increased mortality in individuals with TBI, this
study was completed to examine the mortality rates in indi-
viduals with TBI who were classified as having experienced
LPTS in the first 2 years post-TBI compared to those without
LPTS. In addition, demographics, injury severity, CT findings,
and causes of death were compared to better characterize the
risk factors associated with mortality in individuals with TBI
and LPTS.

Methods

Participants

Individuals with TBI were eligible for this study via two
pathways. In the first pathway, the individual had enrolled,
during the years from 1992–1997, in a prospective study of

risk factors for the development of LPTS in the first 2 years
post-TBI at either the Santa Clara Valley Medical Center
(SCVMC; San Jose, CA) or the Denver Health Medical Center
(DHMC; Denver, CO). In the second pathway, the individual
had enrolled, from 1992–1999, in the TBIMS National Data-
base at SCVMC. The inclusion criteria for the first pathway
have been described in detail elsewhere (Englander et al.,
2003), and are summarized here briefly: at least 16 years of age
at time of injury; inpatient admission to a trauma center with a
TBI due to external causes; observed positive CT findings or a
best Glasgow Coma Scale score (GCS) in the first 24 h of 10 or
less; and provision of informed consent. The inclusion criteria
for the second pathway were consistent with the eligibility
criteria for the TBIMS National Database, and only differed
from the first group in that they all experienced inpatient re-
habilitation. Of this pool of potential participants, individuals
were classified as LPTS or non-LPTS. LPTS was defined as the
occurrence of at least one seizure between 1 week and 2 years
post-injury.

Measures

Mortality, as determined through the Social Security Death
Index, was the primary outcome measure of interest. Addi-
tional variables were gender, age at injury, highest GCS score
within the first 24 h of injury, time since injury to first seizure,
time since injury to death, time since first seizure to death, and
cause of death as listed on the death certificate. CT findings
were also examined; these included extent of intracranial
compression, presence and location of intracranial hemor-
rhage, presence of extra-axial collection, single versus mul-
tiple contusions, and presence of intraparenchymal bone or
bullet fragments.

Analytic plan

The LPTS and non-LPTS groups were compared using chi-
square (w2) and Z-ratio tests for categorical data, and t-tests
and analysis of variance (ANOVA) for continuous data. Non-
parametric survival analyses (Kaplan-Meier analysis) were
used to compare cumulative probabilities of mortality with
respect to seizure status. Causes of death were examined
descriptively.

Results

Participant characteristics (Table 1)

The participant pool consisted of 508 individuals with TBI
who were injured between March 31, 1992 and December 20,
1999, of which 381 (75%) were male. The largest ethnic groups
were Caucasian (n¼ 214 or 42%) and Hispanic (n¼ 148 or
29%). The average age at injury was 37.1 years (SD¼ 16.5),
and the mean highest GCS in the first 24 h after injury was 10.9
(SD¼ 4.0). The most frequent mechanisms of injury were
motor vehicle accidents (n¼ 156 or 31%), followed by falls
(n¼ 101 or 20%) and assaults (n¼ 90 or 18%). CT test results
were reviewed for the first week post-injury. Of the entire
sample 84 (17%) had a mid-line shift of>5 mm, 185 (36%) had
multiple cortical contusions, 198 (39%) had subdural hema-
tomas, and 36 (7%) had penetrating fragments. Seventy-one
(14%) of the participants had LPTS with an average time since
injury to first LPTS of 160.8 days (175.0) or nearly 6 months.
The mortality rate for the entire sample as of May 2007 was
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12.4% (63), with an average age at time of death of 63.9 years
(19.4).

Potential demographic, injury severity differences, and CT
findings between the LPTS and non-LPTS groups were also
analyzed (Table 1). The two groups were not significantly
different for age at time of injury, gender, ethnicity, and eti-
ology of injury. There was no significant difference in the
proportion of LPTS individuals who had a mid-line shift of
>5 mm or the presence of penetrating fragments. There was a
significant difference in the presence of multiple cortical
contusions, 44 (62%) for the LPTS group versus 141 (32%) in
the non-LPTS group (w2¼ 23.3; df (1); n¼ 508; p< .0001;
phi¼ 0.21). There was a trend towards a higher proportion of
LPTS individuals with subdural hematomas, 35 (49%), com-
pared to non-LPTS individuals, 163 (37%) (w2¼ 3.7; df (1);
n¼ 508; p¼ 0.055; phi¼ 0.09).

Seizure status and mortality (Table 2)

The mortality rates as of May 2007 differed significantly
depending upon whether an individual had experienced

LPTS; 19 of the 71 (27%) individuals in the LPTS group had
died, compared to 44 of 437 (10%) of the non-LPTS group
[w2¼ 15.7; df (1); n¼ 508; p< 0.0003; phi¼ 0.18]. Proportio-
nately more males in the LPTS group had expired, 18 of 19
(95%), than in the non-LPTS group, 31 of 44 (70%) [w2¼ 4.5; df
(1); n¼ 63; p¼ 0.03; phi¼ 0.27]. LPTS individuals who had
died were significantly younger at the time of injury, 48.4
years (15.9), than the non-LPTS persons who had died (63.6
years [19.7]) [t¼ 3.0; df (61); p¼ 0.0043]. As shown in Figure 1,
the cumulative mortality curve for the LPTS group was sig-
nificantly shifted to the left, toward younger age at injury
(Breslow rank test p¼ 0.0002).

The average duration from date of injury to death was not
significantly different between the two groups. Figure 2
shows the cumulative mortality curves with respect to dura-
tion since injury and seizure status; while the LPTS curve is
shifted significantly upward, reflecting the increased mortal-
ity rates in this group, the two curves are essentially parallel,
indicating comparable patterns of mortality as a function of
duration since injury (Fig. 2). There was also no significant
difference in highest GCS score in the first 24 h after injury.

Data from CT tests performed within the first 7 days after
injury revealed interesting differences between the LPTS and
non-LPTS groups. There was no significant difference in the
proportion of individuals in the expired LPTS group with a
mid-line shift of >5 mm and those without. While not reach-
ing statistical significance, there was a larger proportion of
individuals with subdural hematomas in the expired LPTS
group, 14 (74%), than in the expired non-LPTS group, 24
(56%). There was also a larger proportion of individuals with
multiple cortical contusions in the expired LPTS group, 11
(58%), than in the expired non-LPTS group, 16 (37%). There
was no statistically significant difference in the proportion of
individuals with penetrating fragments between the two
groups.

Etiology of death

Table 3 gives detailed information about the causes of
death for the LPTS and non-LPTS groups. Death certificates
could not be obtained for 2 LPTS subjects and 5 non-LPTS
subjects. A higher percentage of those with LPTS died from
the original trauma, a new trauma, or acquired immune de-
ficiency syndrome (AIDS), compared to those in the non-LPTS
group. The rates reached statistical significance for new
trauma (Z-ratio¼ 1.68; p¼ 0.049) and AIDS (Z-ratio¼ 2.20;
p¼ 0.014). Conversely, a higher percentage in the non-LPTS
group died from cardiovascular accident (CVA), cardiovas-
cular causes, and chronic obstructive pulmonary disease
(COPD) than in the LPTS group; however, these differences
were not statistically significant.

Mortality within the LPTS group (Table 4)

Demographic and injury characteristics were compared in
the LPTS group for those who had died (n¼ 19) and those
who were alive as of May 2007 (n¼ 52). There was a trend
towards a higher proportion of men in the expired LPTS
group, 18 of 19 (95%), than in the alive LPTS group, 40 of 52
(77%) [w2¼ 2.9; df (1); n¼ .71; p¼ 0.086; phi¼ 0.20]. LPTS in-
dividuals who had died were significantly older at the time of
injury, 48.4 years (15.9), than those still alive, 36.3 years (12.4)
[t¼ 3.4; df (69); p¼ 0.0013]. There was no difference between

Table 1. Characteristics of Individuals with Respect

to Late Post-Traumatic Seizure Status

LPTS
(n¼ 71)

non-LPTS
(n¼ 437)

Male 58 (82%) 323 (74%)
Age at time of

injury (y)
39.6 (SD¼ 14.4) 36.7 (SD¼ 16.9)

% Caucasian 29 (41%) 183 (42%)
% Violent etiology

of injury
15 (21%) 92 (21%)

Mid-line shift >5 mm 14 (20%) 70 (16%)
Subdural hematoma 35 (49%) 163 (37%)
Multiple cortical

contusionsa
44 (62%) 141 (32%)

Penetrating fragments 7 (10%) 29 (7%)

ap< 0.0001.

Table 2. Characteristics of Expired Individuals

with Respect to Late Post-Traumatic Seizure Status

Expired
LPTS

(n¼ 19=71)

Expired
non-LPTS

(n¼ 44=437)

Malea 18 (95%) 31 (70%)
Age at time of

injury (y)a
48.4 (SD¼ 15.9) 63.6 (SD¼ 19.7)

Duration from injury
to death (d)

1538 (SD¼ 1317) 1652 (SD¼ 1301)

Age at death (y)a 54.1 (SD¼ 16.0) 67.9 (SD¼ 19.6)
Highest GCS in

first 24 h
10.9 (SD¼ 4.2) 12.1 (SD¼ 3.8)

Mid-line shift >5 mm 3 (16%) 8 (19%)
Subdural hematoma 14 (74%) 24 (56%)
Multiple cortical

contusions
11 (58%) 16 (37%)

Penetrating
fragments

1 (5%) 1 (2%)

ap< 0.01.
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FIG. 1. Mortality as a function of age at injury and seizure status. The chart indicates the cumulative probability of mortality
for the LPTS and no LPTS groups with respect to age at time of injury.

FIG. 2. Mortality as a function of duration of injury and seizure status. The chart indicates the cumulative probability of
mortality for the LPTS and no LPTS groups with respect to duration of injury at either the time of death or of lost to follow-up
or end of study.
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the expired and non-expired LPTS groups in the duration
between the date of injury, onset of LPTS, and the highest GCS
score in the first 24 h after injury.

CT findings from the first 7 days after injury revealed dif-
ferences between the expired and alive LPTS groups. There
was a significantly higher proportion of expired individuals
with subdural hematomas, 14 (74%), compared to individuals
still alive in May 2007, 21 (42%) [w2¼ 5.5; df (1); n¼ 69;
p¼ 0.019; phi¼ 0.28]. There was no significant difference in
the proportion of LPTS individuals who had expired or were
still alive with respect to a mid-line shift of >5 mm, the
presence of multiple cortical contusions, or the presence of
penetrating fragments.

Mortality within the non-LPTS group (Table 5)

Demographic and injury characteristics were compared in
the non-LPTS group for those who had died (n¼ 44) and those

who were alive as of May 2007 (n¼ 393). There was no sig-
nificant difference in the proportion of men in the expired
non-LPTS group compared to the alive non-LPTS group.
Non-LPTS individuals who had died were significantly older
at the time of injury, 63.6 years (19.7), than those still alive,
33.7 (13.5) [t¼ 13.2; df (434); p< 0.0001]. There was also no
statistically significant difference between the expired and
alive non-LPTS groups in the highest GCS score in the first
24 h after injury.

CT findings from the first 7 days after injury revealed dif-
ferences between the expired and alive non-LPTS groups.
There was a significantly higher proportion of expired indi-
viduals with subdural hematomas, 25 (57%), compared to
individuals still alive in May 2007, 138 (35%) [w2¼ 8.0; df (1);
n¼ 437; p¼ 0.0048; phi¼ 0.14}. There were no significant dif-
ferences between the expired and alive non-LPTS groups with
respect to midline shift of >5 mm, the presence of multiple
cortical contusions, or the presence of penetrating fragments.

Discussion

The results of this study indicate that individuals with
LPTS have a very high mortality rate at a younger age com-
pared to individuals with TBI and no LPTS and those with
epilepsy in general. Even without adjusting for age, those
with TBI and LPTS have nearly three times the mortality rate
of those with TBI alone, 27% versus 10% in this study. They
die 15 years younger than those who have TBI alone, but do
not differ significantly in duration post-TBI or in initial se-
verity of injury as measured by GCS or the severity of mid-line
shift. In both the LPTS and non-LPTS groups, individuals who
had expired were older at the time of injury and were more
likely to have experienced a subdural hematoma during the
original injury.

While it is known that individuals with TBI experience
increased mortality compared to those without TBI, on the
order of 2–5 times the rate, and that those with undifferenti-
ated epilepsy have higher mortality rates, the mortality risk of
the combined conditions has not been studied recently in a
civilian population (Baguley et al., 2000; Harrison-Felix et al.,
2004; Shackleton et al., 2002). Walker and colleagues (1971)
found that World War I and World War II veterans with TBI
had a higher mortality rate than the general population, and
that veterans with TBI and epilepsy had a mortality rate that

Table 3. Causes of Death for the LPTS

and non-LPTS groups

Cause of death
LPTS

(n¼ 19)
Non-LPTS

(n¼ 47) p Value

Original trauma 3 (16%) 4 (9%) NS
New trauma 3 (16%) 2 (4%) 0.049
Substance abuse

(alcohol=
methamphetamine)

2 (10%) 3 (6%) NS

Acquired immune
deficiency syndrome

2 (10%) 0 (0%) 0.014

CVA 1 (5%) 5 (11%) NS
Cardiovascular 1 (5%) 8 (17%) NS
Cancer 1 (5%) 3 (6%) NS
Renal disease 1 (5%) 1 (2%) NS
Seizure 0 (0%) 1 (2%) NS
Pneumonia 1 (5%) 4 (9%) NS
Neurodegenerative 0 (0%) 1 (2%) NS
COPD 0 (0%) 3 (6%) NS
Other 2 (10%) 7 (15%) NS
Unknown 2 (10%) 5 (11%) NS

CVA, cardiovascular accident; COPD, chronic obstructive pulmo-
nary disease; NS, not significant.

Table 4. Characteristics of the Late Post-Traumatic

Seizure Group with Respect to Mortality

Expired
(n¼ 19=71)

Alive
(n¼ 52=71)

Male 18 (95%) 40 (77%)
Age at time of

injury (y)a
48.4 (SD¼ 15.9) 36.3 (SD¼ 12.4)

Duration from injury
to first LPTS (d)

158.4 (SD¼ 170.6) 187.5 (SD¼ 180.3)

Highest GCS in
first 24 h

10.9 (SD¼ 4.2) 9.5 (SD¼ 3.9)

Mid-line shift >5 mm 3 (16%) 11 (22%)
Subdural hematomaa 14 (74%) 21 (43%)
Multiple cortical

contusions
11 (58%) 33 (67%)

Penetrating fragments 1 (5%) 6 (12%)

ap< 0.05.

Table 5. Characteristics of the Non-Late

Post-Traumatic Seizure Group

with Respect to Mortality

Expired
(n¼ 44=437)

Alive
(n¼ 393=437)

Male 31 (70%) 292 (74%)
Age at Time of

Injury (years)b
63.6 (SD¼ 19.7) 33.7 (SD¼ 13.5)

Highest GCS in first 24 h 12.1 (SD¼ 3.8) 10.9 (SD¼ 4.0)
Mid-line shift>5 mm 8 (18%) 62 (16%)
Subdural hematomaa 25 (57%) 138 (35%)
Multiple cortical

contusions
17 (39%) 124 (31%)

Penetrating fragments 1 (2%) 28 (7%)

ap< 0.005.
bp< 0.0001.
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was higher than that of those with TBI alone; this increased
rate of mortality became apparent at the age of 55 and older.
The authors did not make any assertions about the role of
epilepsy in further increasing mortality rates in these veterans
with TBI, although they did note that those with TBI and
epilepsy had more severe injuries than those without epilepsy
(Walker et al., 1971). A similar pattern occurred in our study
population; while individuals with LPTS had similar etiology
of injuries, GCS scores, and mid-line shift compared to the
non-LPTS group, the LPTS group had a higher incidence of
subdural hematomas and multiple contusions.

In this study, the causes of mortality were variable; how-
ever, more individuals in the LPTS group died from new
trauma and complications from HIV-AIDS compared to those
in the non-LPTS group, who were more likely to die from
COPD, CVA, and cardiovascular complications. The most
obvious conclusion is that the LPTS group was more likely to
engage in risk-taking behaviors that eventually result in death
than those in the older non-LPTS group, who died more
typically from age-related problems. Interestingly, both the
expired LPTS and non-LPTS groups were significantly older
at the time of injury and had a higher percentage of subdural
hematomas compared to those still alive. The striking differ-
ence between the expired LPTS and non-LPTS group was
gender; the expired LPTS group was 95% male. One can
postulate that these younger males are more likely to engage
in the kinds of activities that can lead to HIV-AIDS or sub-
sequent trauma, with resultant illness and=or death. Sub-
stance abuse also makes these events more likely to occur.

Only one death was attributed to seizures; that was in a
person who died 10 years post-injury and was not previously
classified as having LPTS, that is, with the first seizure oc-
curring within 2 years post-TBI. Only one individual with
LPTS had a death due to ‘‘cardiovascular disease,’’ which
occurred at the age of 44, 3 years post-TBI. At first glance it
does not appear that this population is at undue risk of sud-
den unexplained death due to epilepsy (SUDEP). However,
Langan and associates (2002) outlined the challenges of de-
tecting SUDEP with post-mortem investigations, and our
study did not involve extensive investigation of post-mortem
findings.

Some risk stratification is possible for those with LPTS.
Older individuals and those who have experienced subdural
hematoma have a higher risk of mortality. However, those
individuals with LPTS that died were typically less than 55
years old. One could surmise that those deaths due to AIDS
may be less likely in this decade; similarly, there are more
treatment options for hepatitis C. However, in order for
treatment to be successful for LPTS and other diseases such as
AIDS or hepatitis C, diligent adherence to treatment protocols
and regular follow-up are crucial.

One can conclude that the individual with TBI and LPTS
is at high risk for early death, and requires not only diligent
follow-up for control of seizures, but also close medical
follow-up for the occurrence of other medical conditions that
can lead to early demise. It is generally recognized by patients,
families, insurance carriers, and the general public that
those with chronic conditions such as hypertension, diabetes,
cancer, AIDS, renal disease, spinal cord injury, and connec-
tive tissue diseases are at high risk of morbidity and mortality
related to their underlying disease state. In TBI, the com-
mon co-morbidities of depression, decreased self-awareness,

late PTS, and fatigue are recognized and typically treated
by mental health specialists, neurologists, and physiatrists.
However, in the first several years after injury, most people
with TBI experience improvement in their general sense of
well-being as well as in their capabilities for mobility, self-
care, and even cognition, which may lull them, as well as
medical practitioners, into a false sense of relatively good
general health.

Given the findings here that individuals with TBI and LPTS
are dying of a variety of causes not specifically related to
epilepsy, it seems prudent to make sure that these individuals
have access to and follow-through with ongoing general
medical care and prescribed medications. We also need to
educate our primary care colleagues regarding the unique
needs of this at-risk population. The younger individuals in
this study were at risk of dying with subsequent trauma,
AIDS, and substance abuse, whereas the older individuals
were not surprisingly at risk for circulatory disorders.

Especially for those with LPTS, basic immunizations for
pneumococcus, influenza, and hepatitis should be adminis-
tered, and safe sexual practices reinforced. The facts that
substance abuse increases the likelihood of subsequent sei-
zures and new trauma and may have lethal consequences
must be strongly reinforced by anyone caring for this
population.

Limitations

Death certificates were not obtainable for seven individu-
als, which limits some of our generalizations regarding cause
of death. Verification of primary cause of death through
post-mortem examination would have been the best possible
source for determining primary cause of death; however, due
to differences in state laws concerning autopsy, this was not
possible for the majority of cases. It was decided that the next
best source, with acknowledgment of its inherent limitations,
would be the death certificate, and that future studies should
be designed to utilize more accurate sources for determining
primary cause of death. Our data were incomplete with re-
gard to the role of substance abuse in the initial trauma, and
whether substance abuse persisted post-TBI. For those that
expired, we have no information regarding the management
of their seizure disorder; subsequent analyses regarding sei-
zure control and other medical and social morbidities for
those who are still living with LPTS are underway.
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