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ORIGINAL ARTICLE

Mortality Over Four Decades After Traumatic Brain Injury
Rehabilitation: A Retrospective Cohort Study
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ABSTRACT. Harrison-Felix CL, Whiteneck GG, Jha A,
DeVivo MJ, Hammond FM, Hart DM. Mortality over four
decades after traumatic brain injury rehabilitation: a retrospec-
tive cohort study. Arch Phys Med Rehabil 2009;90:1506-13.

Objective: To investigate mortality, life expectancy, risk
factors for death, and causes of death in persons with traumatic
brain injury (TBI).

Design: Retrospective cohort study.

Setting: Used data from an inpatient rehabilitation facility,
the Social Security Death Index, death certificates, and the U.S.
population age-race-sex—specific and cause-specific mortality
rates.

Participants: Persons with TBI (N=1678) surviving to their
first anniversary of injury admitted to rehabilitation from an
acute care hospital within 1 year of injury between 1961 and
2002.

Interventions: Not applicable.

Main Outcome Measures: Vital status, standardized mor-
tality ratio, life expectancy, cause of death.

Results: Persons with TBI were 1.5 times more likely to die
than persons in the general population of similar age, sex, and
race, resulting in an estimated average life expectancy reduc-
tion of 4 years. Within the TBI population, the strongest
independent risk factors for death after 1 year postinjury were
being older, being male, having less education, having a longer
hospitalization, having an earlier year of injury, and being in a
vegetative state at rehabilitation discharge. After 1 year post-
injury, persons with TBI were 49 times more likely to die of
aspiration pneumonia, 22 times more likely to die of seizures,
4 times more likely to die of pneumonia, 3 times more likely to
commit suicide, and 2.5 times more likely to die of digestive
conditions than persons in the general population of similar
age, sex, and race.

Conclusions: This study demonstrated life expectancy after
TBI rehabilitation is reduced and associated with specific risk
factors and causes of death.

Key Words: Brain injuries; Cause of death; Life expect-
ancy; Mortality; Rehabilitation.
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IFE EXPECTANCY AFTER major traumatic events is of

interest to a wide range of audiences, including those who
survive the trauma, sometimes with lifelong disabilities, their
family members, care providers, insurers, and legal systems. TBI
is a leading cause of disability in the United States." Of the 1.59
million Americans who sustain TBI annually,1 15% are admit-
ted to acute hospitals,' and 20% of those hospitalized require
inpatient rehabilitation.*” Several studies on mortality during
the first months after injury have shown an association with the
effects of the initial injury itself, concomitant trauma, and
treatment received.®2° However, fewer studies on life expect-
ancy after TBI have focused on longer-term follow-up, partic-
ularly those who are discharged from inpatient rehabilitation
and survive through the first year postinjury.>'

The studies of longer-term survival have tended to involve
registries of military veterans,>*?° specific states or coun-
ties,>’** or individual clinics.***” We previously reported on
mortality risk factors, life expectancy, and causes of death in
the TBI Model Systems.**~*? Studies comparing death rates of
persons with TBI with the general population have found
higher rates among those with TBI, though the reduction in life
expectancy depends largely on the severity of residual disabil-
ity.>! As in the general population, studies reporting the causes
of death after TBI often find that diseases of the circulatory
system account for the largest number of deaths, but that the
rates are not significantly higher than expected for the
general population.?®>°3 Similarly, persons with TBI have
been reg)orted to be at increased risk of death from sei-
zure??-22:26:30:35.3940 554 pneumonia.®**® While some stud-
ies have found TBI to increase the risk of suicide®*-***' and
meningitis,33 others have not.232+30:34

Risk factors for later mortality have also been suggested
in the literature. As for the general population, older age and
male sex are associated with increased mortality. A seizure
disorder is one of the earliest factors to be identified as
significantly associated with longer-term mortality after
TBI?>2%%2; however, this has not been a universal ﬁnding.23
More recently, several studies have emphasized functional
status as being a major determinant of life expectancy after
TBL>%*! Other factors that have been studied include alcohol
use, time since injury, year of injury, communication and
cognitive functions, education, initial TBI severity (eg, Glas-
gow Coma Scale score, Abbreviated Injury Scale, duration of
loss of consciousness, duration of posttraumatic amnesia), and
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maladaptive behaviors (eg drug use, criminal behavior).' The
causal relationships between these various factors can be com-
plicated, and the strengths of the associations between individ-
ual factors can vary substantially depending on what other
factors are considered in the analysis. Calendar year of injury
has not been found to be a risk factor in 2 studies where it was
reported.?'>*

The focus of this study was to investigate long-term mortal-
ity in a large cohort of persons who incurred a TBI over the last
40 years and received inpatient rehabilitation. The study hy-
potheses were the following: (1) TBI increases mortality in
persons with TBI completing inpatient rehabilitation and sur-
viving to 1 year postinjury over the last 40 years, relative to the
general population, (2) the risk of death is greater in certain
TBI subgroups—those who are less functional and older at
injury, and (3) the causes of death do not match the causes in
the general population. The unique contribution of this study is
the 40-year follow-up period of persons with TBI who received
rehabilitation and the ability to determine how the findings
compare with prior studies and whether survival rates have
improved in recent decades.

METHODS

The Institutional Review Board for Craig Hospital, HCA-
HealthONE Institutional Review Board, approved this study.

Data Sources

Craig Hospital. A total of 1678 persons were identified for
this study. These consisted of persons with TBI, admitted to
Craig Hospital for inpatient rehabilitation from an acute care
hospital, within 1 year of injury, between 1961 and 2002, who
survived to their first anniversary of injury, and were 16 years
of age or older at the time of injury. Craig Hospital is a
freestanding private nonprofit adult rehabilitation hospital with
93 licensed beds that specializes exclusively in the treatment of
patients with spinal cord injury or TBI. Since 1956, Craig has
treated over 23,000 patients, and it treats approximately 126
new patients with TBI each year. Persons with TBI are gener-
ally admitted from regional (Colorado and surrounding states)
acute care hospitals, and must be at a level of recovery to
participate in an active inpatient rehabilitation program that
includes a comprehensive range of physician-led interdiscipli-
nary rehabilitation services.

TBI was defined as injury to brain tissue caused by an external
mechanical force as evidenced by loss of consciousness caused by
brain trauma, posttraumatic amnesia, or objective neurologic find-
ings that can be reasonably attributed to TBI on physical or mental
status examination.*® For case-finding purposes, the Craig Hospi-
tal Business Accounting System was used to identify all potential
patients with a diagnosis of a brain injury/disorder or brain injury/
spinal cord injury dual diagnosis using ICD-9-CM diagnostic
coding. There were 3172 potential cases identified, and each
person’s medical record was reviewed by a trained registered
health information technologist to determine whether the person
fit the study inclusion criteria. A total of 1678 persons were found
to have met all the study criteria, and all demographic and injury-
related information for the study was available and abstracted
from the hospital medical record. Most of the cases that were
excluded were found to be brain injury of nontraumatic origin (eg,
stroke).

The Social Security Death Index. The Social Security
Administration’s Death Index** was used to determine the vital
status of persons in the study as of December 31, 2003. The
SSDI was available through the World Wide Web at http://
www.ancestry.com.** The sensitivity and specificity of the
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SSDI in determining vital status in various non-TBI adult
populations range from 88% to 99%.*>*" In a study conducted
using the TBI Model Systems National Database, the SSDI had
a sensitivity of 89% and a specificity of 100%, indicating that
the SSDI was a relatively good source of vital status informa-
tion.*® All persons who died were identified using the SSDI.
Persons not found in the SSDI were assumed to be alive as of
December 31, 2003.

Death certificates. Death certificates were used in this study
to determine the cause of death of those who were identified as
having died. All causes of death listed on each certificate were
coded using the ICD-9-CM.*® Tn addition, the primary cause of
death for each case was assigned an ICD-9-CM code, using
standardized guidelines established for this studg adapted from
DeVivo and used in previous survival studies.>*** Of note, if the
death certificate indicated the cause of death as the original event
leading to the TBI, then the cause of death was coded as unknown,
unless other information was available.

Follow-Up

For study hypothesis testing, survival was measured begin-
ning at the l-year postinjury anniversary; with follow-up of
study subjects terminated on December 31, 2003. Only deaths
occurring after the 1-year postinjury anniversary and before
January 1, 2004, were included. The exclusion of early deaths
in the first year was designed to focus the research on longer-
term deaths rather than on deaths occurring during or soon after
initial acute and rehabilitation hospitalization.

Statistical analysis. Descriptive statistics (means for con-
tinuous variables and proportions for categorical variables)
were used to characterize the overall study population. An
important use of mortality data is to compare 2 or more
populations that differ in regard to a particular characteristic,
such as TBI, while holding constant other characteristics, par-
ticularly age, which may account for observed differences in
mortality. One approach used by epidemiologists is to compare
the observed number of deaths to the expected number of
deaths based on a reference population.®® The expected number
of deaths in the absence of TBI was calculated by applying
mortality rates by age, sex, race, and cause of death published
by the federal government®->* for the calendar year 1992 (the
median person-years of follow-up in the study) to each year of
follow-up for each person in the study and summing the result.
The SMR for this TBI population was then calculated as the
ratio of actual to expected deaths. Statistical significance of the
SMR was determined by calculating its 95% CI based on a
normal distribution, which was considered significant if it did
not contain 1.0.%

This same approach was used to calculate the SMRs for
selected causes of death for the causes accounting for the
greatest proportion of deaths in this study, or those identified in
the literature as potentially being greater than expected for
persons with TBI. Statistical significance of these cause-spe-
cific SMRs was determined by calculating their 95% CI on the
basis of the Poisson distribution, which was considered signif-
icant if it did not contain 1.0.>*

Comparative life expectancy with and without TBI by age,
sex, and race was also estimated by applying the overall SMR
to the age-sex-race—specific mortality rates published by the
federal government’> for the most current year available at the
end of the study (calendar year 2002) for those without TBI,
using the methodology described by DeVivo and applied in
previous survival studies.***°

Finally, Cox proportional hazards regression analysis was
used to assess the impact of each potential risk factor on length
of survival. Demographic factors assessed in the analyses were
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Table 1: Demographic Characteristics of Study Population

Characteristics No. Percent

Mean age at injury, 32y
Sex, male 1279 76
Race/ethnicity, white 1482 88
Occupations status at rehabilitation admission

Employed 1216 73

Student 306 18

Other 150 9
Education level at rehabilitation admission

Less than high school 328 21

High school/GED 536 34

Greater than high school 721 45
Cause of injury

Vehicle 1221 73

Falls 291 17

Other 165 10
Year of Injury

1961-1979 220 13

1980-1989 291 17

1990-1999 815 49

2000-2002 352 21
Payor source

No fault 596 36

Commercial 494 29

Worker's compensation 272 16

Medicare/Medicaid 200 12

HMO/self/other 116 7
Discharge disposition

Home 1264 75

Nursing home 212 13

Other 202 12
Duration of unconsciousness

None 129 8

1d 495 32

2-7d 360 23

8-129d 568 37
GOS at rehabilitation discharge

Good recovery 25 2

Moderate disability 405 24

Severe disability 1212 72

Vegetative 33 2

Mean acute care length of stay=42d
Mean rehabilitation length of stay=55d

Abbreviations: GED, General Education Development; HMO, Health
Maintenance Organization.

age at injury, sex, race, and level of education and employment
status at rehabilitation admission. Injury-related risk factors
included calendar year and cause of injury, and duration of loss
of consciousness. Other potential risk factors included state of
residence at the time of rehabilitation admission, acute and
rehabilitation hospital length of stay, third-party sponsor of
care, place of discharge after rehabilitation, and the GOS*?
score at rehabilitation discharge. The GOS is a system for
classifying overall patient disability after a TBI. The original
scale has 5 outcome categories: good recovery, moderate dis-
ability, severe disability, vegetative state, and dead. For the risk
factor analyses, GOS was dichotomized into “vegetative state”
and “all other” excluding dead, because all those in the study
were alive at rehabilitation discharge.

Bivariate Cox models including age at injury (the strongest risk
factor) with each remaining separate risk factor were used as a
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screen for inclusion in the final analysis. Factors with P less than
.10, suggesting age-independent association with mortality, were
eligible for inclusion in the final multivariate analysis. Because
our primary aim was a mortality prediction model, rather than
focusing on the validity of a particular regression coefficient, a
forward stepwise selection procedure was used to determine the
final model, with P less than .05 required for inclusion of any
factor.>® In addition, the 95% Cls of the adjusted relative risk of
each significant factor were calculated.

RESULTS

Table 1 contains the characteristics of the study sample.
Among the 1678 persons included in the study, a total of
16,599 person-years of life with TBI data were accumulated for
analysis, with the length of follow-up ranging from 16 days to
40 years beyond the first anniversary of injury. The average age
was 32 years, with 76% male and 88% white. There were 73%
employed at rehabilitation admission, with 79% having com-
pleted high school. Most were injured in a motor vehicle
collision. The average length of acute and rehabilitation hos-
pitalization combined was 97 days, with three quarters being
discharged home. The average duration of unconsciousness
after injury was 12 days, with almost three quarters having
severe disability at rehabilitation discharge.

There were 130 deaths occurring after 1 year postinjury for
a mortality rate of 7.7%. The length of time between injury and
death ranged from 381 days to 35 years, with a median interval
of 11 years. The expected number of deaths in the absence of
TBI given the length of time each person was followed was
85.83 for all persons included in the study. Because 130 deaths
were observed, the SMR was 1.51 (95% CI=1.25-1.78), indi-
cating that persons with TBI were one and a half times more
likely to die than persons of comparable age, sex, and race from
the general population.

Table 2 contains the estimated life expectancy in years
(calculated on the assumption of a constant SMR of 1.51 in
persons with TBI), with and without TBI for selected age, sex,
and race groupings. Assuming survival to at least the first
anniversary of injury, life expectancy was shortened thereafter
between 3 and 6 years depending on age at injury, race, and
sex. On average, TBI appeared to reduce life expectancy in this
cohort by about 4 years.

Results of the bivariate Cox regression analyses (controlling
only for age at injury as the strongest predictor) indicated that
being male, not being employed and having less education at
rehabilitation admission, longer hospitalization, earlier year of
injury, longer duration of unconsciousness, and being in a
vegetative state at rehabilitation discharge (measured by the
GOS) were associated with an increased risk of death, inde-
pendent of age, after 1 year post-TBI.

All of these variables were then entered into a multivariate
Cox regression analysis; older age, being male, having less
education at rehabilitation admission, longer hospitalization,
earlier year of injury, and being in a vegetative state at reha-
bilitation discharge remained in the model as significant risk
factors once the effects of all other factors were controlled
(table 3). Results indicated that there was an 8% increased risk
of death for each additional year of age at injury, and a 3%
lower risk of death for every later calendar year of injury (or a
30% improvement in mortality with each later decade of the
study period). Men were 3 times more likely to die than
women. Persons who had completed high school, trade school,
or some college at the time of rehabilitation admission were at
26% lower risk of death than those who did not complete high
school. There was a 0.5% increased risk of death for each
additional day of hospitalization (or a 15% increased risk of
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Table 2: Estimated Years of Life Expectancy by Selected Ages, With and Without Traumatic Brain Injury*

White Black Hispanic
Men Women Men Women Men Women
Age TBI Non-TBI TBI Non-TBI TBI Non-TBI TBI Non-TBI TBI Non-TBI TBI Non-TBI
20 50 54 55 59 43 49 50 55 52 57 57 62
30 40 45 45 49 35 40 41 46 43 48 48 52
40 31 36 36 40 26 31 32 36 34 38 38 43
50 23 27 27 30 19 23 24 28 25 29 29 33
60 15 19 18 22 13 16 16 20 17 21 21 24
70 9 12 11 14 8 11 10 13 11 14 13 16

*Assuming a constant standardized mortality ratio of 1.51 among persons with TBI.

death with each additional month of hospitalization). Finally,
those in a vegetative state at rehabilitation discharge were 3
times more likely to die than those with better overall out-
comes. The overall log likelihood chi-square test statistic for
the final model is 187 with 7 df and significant at P less than
.001.

The largest proportion of deaths was secondary to circula-
tory conditions (25%). The next largest proportion of deaths
occurred secondary to respiratory conditions (22%), with 9%
of all deaths a result of aspiration pneumonia and 8% a result
of other types of pneumonia. The next largest proportion of
deaths was attributable to external causes of injury (18%), with
half a result of unintentional injuries and half secondary to
suicide. In addition, 14% of all deaths were caused by neo-
plasms, 8% of deaths resulted from digestive system condi-
tions, and 5% of all deaths were seizure-related. Twelve of the
130 deaths identified had an unknown cause of death because
there was no death certificate, or the cause of death was
attributed to the original injury leading to the TBL

Table 4 contains the cause-of-death—specific SMRs, indicat-
ing that the number of deaths secondary to suicide, aspiration
pneumonia, other pneumonias, digestive conditions, and sei-
zures among persons with TBI was greater than expected

Table 3: Risk Factors for Death After Traumatic Brain Injury From
Cox Regression Multivariate Analysis

Relative
Characteristics (n=1581) Risk 95% Cl
Age at injury for each additional year of
age 1.084  1.068-1.099
Year of injury for each additional
calendar year 0.968  0.944-0.992
Male sex 3.136  1.661-5.923
Education at rehabilitation admission
® Less than high school (reference
group) 1 NA
® High school/trade school/some
college 0.739  0.471-1.160
® College degree 0.334  0.169-0.661
Days of acute and rehabilitation
hospitalization for each additional
day of hospitalization 1.005 1.003-1.008

GOS
® Good recovery, moderate disability,
and severe disability (reference
group) 1 NA
® Vegetative state 2903 1.274-6.612

compared with the number of deaths in the general population
of similar age, sex, and race, and these differences were sta-
tistically significant. Persons with TBI were about 49 times
more likely to die of aspiration pneumonia, 22 times more
likely to die of seizures, 4 times more likely to die of pneu-
monia, about 3 times more likely to commit suicide, and 2.5
times more likely to die of digestive conditions than persons in
the general population of similar age, sex, and race.

DISCUSSION

Risk of Mortality and Life Expectancy After Traumatic
Brain Injury

This study found that persons with TBI were 1.5 times more
likely to die than persons of comparable age, sex, and race from
the general population. This finding is lower than that reported
in previous studies, which found SMRs among persons with
TBI ranging from 2.0 to 7.1 depending on the population and
study timeframe.?*?7-2%31:3437-38 Most of these higher SMRs
may be explained by the inclusion of persons with the most
severe TBI and/or the inclusion of early deaths. In studies of
mortality restricted to persons with TBI who received inpatient
rehabilitation, the SMRs ranged from 2 to 4,>*37-** with the
TBI Model System Study>® that also excluded deaths in the first
year and began follow-up at 1 year postinjury (as in the present
study) reporting an SMR of 2.

The discrepancy between the TBI Model System Study
(SMR 2.0) and the present study (SMR 1.5) warrants further
discussion. Although both studies used the same inclusion
criteria, the present study included most persons rehabilitated

Table 4: Deaths by Cause in the Traumatic Brain Injury Cohort
After 1 Year Postinjury Compared With the General Population

Number of Number of

Cause of Death Actual Expected SMR 95%
(ICD-9-CM Codes) Deaths Deaths SMR Limits

Circulatory (390-459) 30 30.16 0.99 0.67-1.42
Aspiration pneumonia

(507) 10 0.21 48.64* 23.32-89.44
Pneumonia (480-486) 9 2.08 4.33* 1.98-8.22
Suicide (E950-E959) 10 3.39 2.95% 1.42-5.43
Unintentional injuries

(EB00-E949) 11 6.82 1.61 0.80-2.88
Cancer (140-208) 16 21.13 0.76 0.43-1.23
Digestive (520-579) 9 3.61 2.49* 1.14-4.73
Seizure (780.3,

345-345.9) 6 0.27  22.48* 8.25-48.93

Abbreviation: NA, not applicable.

*Statistically significant SMR.
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between 1961 and 1998, before the center was designated as a
TBI Model System. In contrast, most persons included in the
TBI Model System cohort were rehabilitated after 1998 when
the TBI Model Systems expanded from 5 to 17 centers. Be-
cause it is not likely that an earlier era of care would account
for a better survival rate, this was further investigated. When
expected deaths were analyzed by age, 40% of the expected
deaths were in the cohort over age 65 years. However, only
25% of the actual deaths occurred over age 65 years, and
therefore the SMR in this cohort over age 65 years was sub-
stantially less (SMR=0.97; 95% CI=0.64-1.30) than the over-
all study sample. This would suggest that the SMR decreases as
people with TBI age, resulting in the overall lower SMR in this
study than in the TBI Model System cohort. This may be
similar to the healthy worker effect seen in environmental
exposure studies, or the effects of TBI on risk of mortality may
decrease over time, particularly for healthy persons with a
longer life expectancy.

TBI reduced life expectancy an average of 4 years in this
study population, which was consistent with previous studies
(ie, 3-5y).2»?*2330-335 However, Harrison-Felix et al*® re-
ported a somewhat higher average life expectancy reduction of
7 years in the TBI Model Systems cohort. It should be noted
that using a constant SMR with advancing age often results in
a slight underestimation of long-term survival probabilities and
life expectancy.”® As such, the life expectancies reported in
table 2 may be slightly shorter than would be expected.

Risk Factors for Death After Traumatic Brain Injury

The strongest risk factors for death after 1 year postinjury
were older age at injury, being male, having less education at
rehabilitation admission, earlier year of injury, longer hospi-
talization, and being in a vegetative state at rehabilitation
discharge. Age, which is associated with comorbidities such as
heart disease and diabetes, was found to be a risk factor in
some previous studies?®33-33:38:57-59 byt surprisingly, not in
others.”*>"*7 Male sex being a risk factor for death after TBI
has been identified in some studies?®>'>7 but not in others.>*>*
Corkin et al** is the only previous study that identified less
education as a risk factor for death after TBI, while Ratcliff et
al*” and Harrison-Felix*® reported education not to be a risk
factor. It is possible that education represents a proxy for
socioeconomic status, which has been shown to be negatively
associated with mortality.*

Year of injury was found to be a risk factor, which has not
been consistently reported by other studies. There was a 30%
lower risk of death for every later decade of injury, which
could be attributed to advances in medicine improving longer-
term survival after TBI. Flaada et al*® also found year of injury
to be a significant risk factor in their study, but only for
survival within the first 6 months postinjury timeframe.

The finding of longer hospitalization as a risk factor is
unique to this study, having not been previously identified.
Given the span of 4 decades covered by this study, there would
have been a much greater range on lengths of stay represented
in this study, and possibly a proxy for earlier eras of care when
lengths of stay were longer. It is also likely that this could be
a proxy for overall injury severity.

Interestingly, severity of TBI as indicated by various mea-
sures in previous studies was found to be a significant risk
factor in studies that did not include a measure of functional
outcome.?”?83738 However, for those studies that did include
both,*”*® functional status was a significant risk factor, while
severity of TBI was not. This study corroborates the findings of
previous studies that revealed shortened life expectancy when
severe disability is present.??3!3437-38
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Causes of Death After Traumatic Brain Injury

In this study, persons with TBI were almost 50 times more
likely to die of aspiration pneumonia. It is not known whether
these persons were on modified diets, adhered to diet recom-
mendations, or experienced worsening of their swallowing
ability for some reason over time. These persons were, how-
ever, an average of 18 years postinjury at the time of death. Of
the 10 persons who died of aspiration pneumonia, 1 was
categorized as being in a vegetative state and 9 as having
severe disability at the time of rehabilitation discharge.

Persons with TBI were about 4 times more likely to die of
pneumonia. These findings substantiate previous studies.*®3*-
Roberts®? reported that patients with TBI were twice as likely
to die of respiratory-related conditions, Shavelle et al* re-
ported that clients with TBI were 10 times more likely to die of
respiratory conditions, and Harrison-Felix*® reported that per-
sons with TBI were 4 times more likely to die of pneumonia.

In this study, persons with TBI were 22 times more likely to
die of seizures. This finding is consistent with other studies.
Roberts>? reported a 40 times greater risk of death as a result of
epilepsy after TBI, Shavelle®® reported a 24 times greater risk
of death as a result of seizures, and Harrison-Felix et al*®
reported that persons with TBI were 37 times more likely to die
of seizures.

It is known that persons with TBI are at risk of developing
posttraumatic epilepsy.®’ Unfortunately, it is not known
whether these persons had experienced any prior seizures or
were on anticonvulsant medications (and if it was at therapeutic
level) at the time of death. Herman,%> Chang and Lowenstein,*
and Temkin et al,®* among others, have reported that admin-
istration of anticonvulsant drugs after acute brain insults failed
to prevent late epilepsy. Thus, it is unlikely that prophylactic
use of anticonvulsants would have prevented these deaths. This
is further highlighted by the fact that most of these persons
were an average of 16 years postinjury at the time of death.
Rehabilitation professionals should monitor the growing
literature on sudden unexpected death in epilepsy,®>*° be-
cause these findings may eventually shed light on ideas to
prevent death as a result of seizure after TBL.7*7*

Persons with TBI in the study were almost 3 times more
likely to commit suicide. Age at the time of injury for these
persons averaged 23.5 years. Three previous studies have re-
ported an increased risk of suicide after TBL333%*! However,
3 other studies did not.>*3%3® Therefore, given the uncertainty
of the suicide findings relative to other findings in this study,
and the report by Simpson and Tate’® that suicidality is a
common psychological reaction to TBI among outpatient pop-
ulations, prudent management should involve careful history
taking of suicidal behavior, assessment of postinjury adjust-
ment to TBI, and close monitoring of those persons with high
levels of hopelessness and suicide ideation.

Persons with TBI were 2.5 times more likely to die of digestive
conditions. Harrison-Felix*® reported that persons with TBI were
3 times more likely to die of digestive conditions, with most
secondary to liver disease with underlying chronic alcoholism.
However, in the current study, 5 of the 9 deaths were secondary to
nonalcoholic liver disease. Two of the deaths in this study were
caused by ulcer, 1 by intestinal obstruction, and 1 by vascular
insufficiency of the intestines. Of the 9 persons who died of
digestive causes, 8 were classified as having severe disability at
the time of rehabilitation discharge.

Even though the greatest proportion of deaths in this study
(25%) resulted from circulatory conditions, this number of
deaths was not significantly greater than would be expected in
the general population. Previous studies have also found this to



MORTALITY AFTER TRAUMATIC BRAIN INJURY, Harrison-Felix

be true**38; however, Shavelle®® and Selassie et al?® found that
persons with TBI were more likely to die of circulatory con-
ditions. Thus, it appears that the question of excess deaths
caused by circulatory conditions after TBI is still equivocal.
Given the findings of this study, close longitudinal follow-up of
medical conditions in the years after TBI remains important.

Study Limitations

Strengths of this study were that it included a large sample
size, had a long follow-up period of up to 40 years post-TBI,
and had a high rate of complete vital status follow-up. This
study did have several limitations. Even though the follow-up
was over a 40-year period, most persons were injured in the
most recent 10 years. However, the number of person-years is
more evenly distributed. It included only persons treated in 1
freestanding inpatient rehabilitation facility. Compared with
those seen more recently in the TBI Model Systems, persons
included in this study tended to be better educated, employed,
and nonminority, with a longer length of rehabilitation stay,
and thus may have had better support systems and access to
care, resulting in better outcomes. Persons receiving inpatient
rehabilitation also tend to represent those with more moderate
to severe TBI, not those so severely injured that they are not
considered for active rehabilitation or those more mildly in-
jured who do not require inpatient rehabilitation. Thus, this is
a very select sample with findings that may not generalize to
other persons with TBI.

This study was based on a retrospective cohort identified by
inpatient rehabilitation medical records from the past 40 years.
However, the authors are confident that the rigor of the case-
finding methods led to the identification of persons meeting
inclusion criteria across all study years. It is the case, however,
that the only risk factors examined in this study were those
documented in records of events typically occurring several
years prior to death. Furthermore, neither comorbid conditions
nor their interaction with risk factors was examined.

An inherent limitation in using U.S. general population
mortality rates as a comparison is that other important factors
such as socioeconomic status and other existing health condi-
tions are not taken into account. In addition, national death
rates (as opposed to state rates) were used to provide a broader
representation of the general population; however, they may
have been too broad a comparison group. If national death rates
by cause differ significantly from state rates, this could lead to
an underestimation or overestimation of the SMRs.

The use of death certificate data to determine cause of death
is also a limitation. Studies evaluating the accuracy of death
certificates report problems with misclassification, errors, and
incomplete information.”®”” These problems were minimized
in this study by adhering to specific guidelines in coding and
assigning the cause of death.

CONCLUSIONS

This TBI mortality study is the first in recent years to span
4 decades and provides important new information regarding
mortality, life expectancy, risk factors for death, and causes of
death in persons with TBI receiving inpatient rehabilitation and
surviving past 1 year postinjury. These findings need to be
considered with caution given the limitations noted with this
type of investigation using a relatively select sample of persons
receiving inpatient rehabilitation at a single facility. Future
research should focus on why some causes of death are greater
than expected in persons with TBI and study whether medical
and lifestyle interventions can help prevent some of these
deaths and prolong life expectancy after TBI. It is recom-
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mended to target persons at greater risk for later mortality for
closer follow-up after inpatient rehabilitation to provide patient
and family education regarding the risk of death.
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