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Abstract. This population-based retrospective cohort study identified all Olmsted County, MN residents with any diagnosis
indicative of potential traumatic brain injury (TBI) during the years 1985 to 2000. The complete community-based medical
records of a random sample (n = 7, 175) were reviewed to confirm and characterize the event, and to determine vital status
through 2002. The review identified 1,448 confirmed incident cases; 164 (11%) were moderate to severe; 1,284 were mild. The
estimated 30-day case fatality rate was 29% for moderate to severe cases and 0.2% for mild cases. Comparison of observed
mortality over the full period of follow-up with that expected revealed a risk ratio (95% CI) of 5.29 (4.11–6.71) for moderate to
severe cases and 1.33 (1.05–1.65) for mild cases. Proportional hazards modeling showed the adjusted hazard of all-cause mortality
for moderate to severe cases relative to mild cases was 5.18 (3.65–7.3) within six months of the event and 1.04 (0.57–1.88) for
the remaining follow-up period. This analysis indicates that persons who experience mild TBI exhibit a small but statistically
significant reduction in long-term survival compared to the general population. The case fatality rate for persons with moderate
to severe TBI is very high, but among six-month survivors, long-term survival is similar to that for persons with mild TBI.
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1. Introduction

Traumatic brain injury (TBI) can result in lasting
neurological impairment, including cognitive dysfunc-
tion and psychosocial disturbance, that may increase
risk for secondary medical morbidity and mortality.
The aging of the United States population, as well as
improvement in acute medical and surgical care,will in-
crease the potential incidence and associated disability
of non-fatal TBI. These factors emphasize the impor-
tance of understanding the relationship between TBI,
injury severity, and long-term survival to help in the de-
velopment of clinical and community-based programs
to provide services for this growing population.
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Though TBI is well recognized to be associated
with significant mortality in the acute period [7,9,11,
20,22] survival after the acute period is less well de-
fined. Studies are few and mostly from restricted pop-
ulations. An early report compared life expectancy in
male World War I veterans who experienced primar-
ily severe war-related head injuries, with and without
subsequent epilepsy, with that for a population of non-
injured veterans [23]. The study concluded that life
expectancy of head-injured men was reduced by 3 to
5 years compared to age-matched controls, with the
reduction at the maximum after age 50 and associated
with post-traumatic epilepsy. Further study of the same
population confirmed the association of post-traumatic
epilepsy with reduced life expectancy [24]. A more
recent study of male American military personnel, who
sustained a penetrating craniocerebral injury during the
Vietnam War and survived for a minimum of one week,
showed that the population appeared to be approach-
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ing actuarial norms of life expectancy 15 years after
injury [14]. The study was limited to persons who re-
quired neurosurgical procedures, and the authors found
no association between post-traumatic epilepsy and risk
of death. Coma on presentation or the persistence of
coma was most predictive of death. An analysis of a
clinical case series of survivors of TBI who were ad-
mitted to a major teaching hospital in Australia for in-
patient rehabilitation [6] found a significantly increased
mortality rate among persons with TBI compared to the
expected rate for an equivalent population.

The California Department of Developmental Ser-
vices data base has been extensively analyzed, study-
ing life expectancy and cause of death in adults and
children with disabling neurological impairment [15,
17–19]. This database includes assessments of psy-
chological, medical, behavioral and cognitive function.
In a study of long-term causes of death after TBI in
persons aged 10 or older who survived greater than
12 months, long-term mortality was elevated compared
to the general population [15]. Mortality was greatest
during the subsequent 4-year period and was associated
with reduced mobility.

Analysis of long-term survival after TBI for non-
restricted populations in the United States is lacking.
The objectives of the analysis reported here are: (1) to
compare observed versus expected survival following
TBI for all members of the Olmsted County Minnesota
(MN) population who experienced any traumatic brain
injuries that were medically attended between 1985 and
2000, stratified by injury severity, and (2) to compare
survival for moderate to severe cases with that of mild
cases, adjusted for age, gender, and calendar year of
the event.

2. Methods

2.1. Study setting

Olmsted County, Minnesota, (2000 census popula-
tion, 124,277) provides a unique opportunity for inves-
tigating the natural history of TBI [2–5,13]. Rochester,
the county seat, is approximately 80 miles from the
nearest major metropolitan area and is home to one of
the world’s largest private medical centers, the Mayo
Clinic. The Mayo Clinic and its two affiliated hospi-
tals or the Olmsted Medical Center, a second group
practice, and its affiliated hospital provide nearly all
of the medical care delivered to local residents. Since
1907, every Mayo Clinic patient has been assigned a

unique identifier, and all information from every con-
tact (including office, emergency department, and nurs-
ing home visits and hospital inpatient or outpatient ad-
missions) is contained within a single dossier for each
patient. The detailed information includes a medi-
cal history, clinical assessments, consultation reports,
surgical procedures, dismissal summaries, laboratory
and radiology results, correspondence, and death cer-
tificates. The diagnoses assigned at each visit are
coded and entered into continuously updated computer
files. These files constitute the Rochester Epidemi-
ology Project (REP) diagnostic index [12]. This in-
dex was expanded to include the few other providers
of medical care to local residents, including the Olm-
sted Medical Center and the few private practitioners
in the area, thereby linking the medical records for
community residents. The REP provides the capability
for population-based studies of disease risk factors and
outcomes that is unique in the United States.

2.2. Study population

This study was approved by the Mayo Clinic and the
Olmsted Medical Center Institutional Review Boards.
All Olmsted County residents with any diagnosis sug-
gestive of traumatic brain injury (TBI) in the REP diag-
nostic index from 1/1/1985 through 12/31/1999 were
identified as part of the Mayo Traumatic Brain Injury
Model System research activities funded by the Na-
tional Institute on Disability and Rehabilitation Re-
search (NIDRR). A 15.7% random sample was selected
for review of their complete community-based med-
ical records from date first seen until date last seen
at any REP provider. Trained nurse abstractors under
the direction of a board-certified physiatrist (AB) and
neuropsychologist (JM) performed the review.

For purposes of this study, TBI was defined as a trau-
matically induced injury that contributed to physiolog-
ical disruption of brain function. Evidence of physi-
ological disruption included documentation of any of
the following: concussion with loss of consciousness,
traumatic amnesia (either retrograde or anterograde),
neurological signs of brain injury and/or evidence of
intracerebral, subdural, or epidural hematoma, cerebral
or hemorrhagic contusion, or brain stem injury; pene-
trating brain injury; skull fracture; or post-concussive
symptoms (dizziness, confusion, blurred vision, dou-
ble vision, headache, nausea, or vomiting that lasted
greater than 30 minutes and that was not attributable
to pre-existing or co-morbid conditions). Individuals
for whom their clinical diagnosis was based on history
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alone (i.e., who did not present for medical care for
either the event or for sequelae) were excluded as cases.

All incident TBI events were further characterized by
severity (moderate to severe vs. mild) using all avail-
able clinical data including radiological imaging find-
ings, surgical records, and autopsy protocol reviews.
Events that included one or more of the following were
categorized as moderate to severe: skull fracture, intra-
cranial hematoma, brain contusion, penetrating skull
injury, brain stem injury,or severe complications of TBI
(e.g., neurological surgery, central nervous system in-
fection, subarachnoid hemorrhage, hydrocephaly, leak-
age of cerebrospinal fluid). Events were categorized as
mild if they were excluded from the moderate to severe
group and had one or more of the following: loss of
consciousness, amnesia, post-concussive symptoms, or
focal neurological signs of brain injury.

Vital status and date of death for those who died
was determined by review of the medical records and
State of Minnesota death tapes. Persons for whom vital
status as of the present was not known were censored as
of the date they were last known to be Olmsted County
residents.

2.3. Analysis

Both 30 day and long-term survival were analyzed
for moderate to severe and mild cases separately by
means of the Kaplan-Meier method. Long-term sur-
vival was also assessed for six-month survivors. Ob-
served survival was compared with the age- and sex-
specific expected survival of the 1990 Minnesota white
population using the log-rank statistic. Multivariate
proportional-hazardsmodeling of survival free of death
was performed to test for differences between moder-
ate to severe TBI and mild TBI adjusted for the effects
of age, sex, and calendar year of the event. Tests for
first-order interactions were examined, together with
tests for the assumptions of proportionality.

3. Results

There were 45,831 residents of Olmsted County,
MN, with one or more diagnoses potentially indica-
tive of TBI in the REP diagnostic index from 1/1/1985
through 12/31/1999. Review of the 15.7% (n = 7,175)
random sample yielded 1,448 who met criteria for a
confirmed TBI incident case; 164 (11%) were moder-
ate to severe (mean± standard deviation age= 35.3
± 30.5 years, 61% male) and 1,284 (89%) were mild

(mean age= 26.8± 20.7 years, 55% male). The mean
duration of follow-up was 7.4 years (median= 6.8
years; range= 0–18.2 years).

Among moderate to severe cases, there were 68
deaths during 888 person-years of follow-up. The
Kaplan-Meier estimated 30-day case fatality rate was
29.3% (95% CI= 22.0–35.9); 20.1% of moderate to
severe cases died on the day of the event. The 68
deaths over the full period of follow-up were signifi-
cantly more than the 12.8 expected (RR= 5.29, 95%
CI = 4.11–6.71,p < 0.001) (Fig. 1). However, among
moderate to severe cases who survived six months, the
observed 14 deaths did not differ significantly from the
12.7 expected (RR= 1.10, 95% CI= 0.60–1.85,p =
0.72) (Fig. 2).

Among mild cases, there were 78 deaths during
9,800 person-years of follow-up. The Kaplan-Meier
estimated 30-day case fatality rate was 0.2% (95% CI=
0.0–0.4). The 78 deaths over the full period of follow-
up were significantly greater than the 58.8 expected
(RR= 1.33, 95% CI= 1.05–1.65,p = 0.012) (Fig. 3).
Among mild cases who survived six months, the ob-
served 69 deaths were not significantly different than
the 58.6 expected (RR= 1.18, 95% CI= 0.92–1.49,
p = 0.173) (Fig. 4).

For all cases combined, multivariable Cox propor-
tional-hazards modeling was performed to test for a
significant difference between moderate to severe and
mild cases, adjusted for age, sex, and calendar year.
Tests revealed that the assumption of proportionality of
hazards was violated. Thus, based on the Kaplan-Meier
survival curves, we elected to investigate survival from
event date to six months and after six months. Survival
within six months of the event for persons with mod-
erate to severe TBI was markedly reduced compared
to those with mild TBI (RH= 5.18, 95% CI= 3.65–
7.30;p < 0.001). The significant interaction revealed
that the relative hazard varied as a function of age, i.e.,
the higher six-month mortality for moderate to severe
vs. mild TBI was greater at younger ages (Table 1a).
Among individuals who survived six months from the
event, the long-term survival for persons who experi-
enced moderate to severe TBI did not differ from that
for persons who experienced mild TBI (RH= 1.04;
95% CI= 0.57–1.88,p = 0.91) (Table 1b).

4. Discussion

This report provides a unique population-based anal-
ysis of long-term survival following TBI in a United
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Fig. 1. Kaplan-Meier curves of observed and expected 10-year survival for 164 residents of Olmsted County, MN, with moderate to severe
traumatic brain injury 1985–2000. Expected survival was calculated from mortality for the Minnesota white population of similar age, sex, and
calendar year distribution.

Fig. 2. Kaplan-Meier curves of observed and expected 10-year survival for moderate to severe cases who survived six months from the event.
Expected survival was calculated from mortality for the Minnesota white population of similar age, sex, and calendar year distribution.

States population stratified by injury severity. It con-
firms the markedly reduced acute survival after mod-
erate to severe injuries [1,7,8,20]. The most striking
findings in this analysis are the modest but signifi-
cant reduction in long-term survival after mild TBI and
the lack of reduction in long-term survival among per-
sons with moderate to severe injuries who survived six
months. Given the high incidence of mild TBI, even

a modest reduction in life expectancy is likely to have
a significant social and economic effect [10]. In this
analysis, although the percentage of people with mild
TBI who died is small compared to the percentage that
died following moderate to severe TBI, the actual num-
ber of those who died after mild injury (78) is greater
than the number who died from moderate to severe in-
jury (68). The significant negative effect of mild TBI
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Fig. 3. Kaplan-Meier curves of observed and expected 10-year survival for 1,284 residents of Olmsted County, MN, with mild traumatic brain
injury 1985–2000. Expected survival was calculated from mortality for the Minnesota white population of similar age, sex, and calendar year
distribution.

Fig. 4. Kaplan-Meier curves of observed and expected 10-year survival for mild cases who survived six months from the event. Expected survival
was calculated from mortality for the Minnesota white population of similar age, sex, and calendar year distribution.

on long-term survival was no longer apparent when
limited to persons who survived mild TBI for greater
than six months. The extent to which the six-month
mortality was directly related to head trauma cannot
be determined from this analysis. However, our find-
ing that persons with mild TBI experienced increased
mortality from any cause deserves attention given the
dramatic declines in hospitalization rates for persons
with mild TBI [21]. The lack of reduction in long-term
survival among persons who survived six months af-
ter moderate to severe injury when compared to mild

injury is surprising and contrary to many previous re-
ports [6,14,15,23,24]. If this finding can be confirmed
in other populations, it would have implications for
outcome prognostication, counseling, and community
service development for people surviving TBI of all
ages.

Recent trends indicating an increase incidence of
fall-related TBI [8], with fall-related death rates now
surpassing motor-vehicle-related TBI death rates in the
United States among the elderly [1], have significant
implications for aging Americans. As the population
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Table 1
Results of Cox proportional hazards modeling of survival free of
death among persons with moderate to severe traumatic brain injury
(TBI) compared to those with mild TBI

Variable Hazard Ratio 95% CI P Value

a. Modeled from time of event to six months
Age – – < 0.001
Male sex 1.25 0.89–1.75 0.195
Calendar year 0.98 0.94–1.02 0.357
Severe vs. mild – – < 0.001
Severity X Age – – < 0.001
b. Modeled from six months after event to date of last follow-up
Age 1.08 1.07–1.10 < 0.001
Male sex 1.19 0.76–1.86 0.443
Calendar year 1.03 0.97–1.10 0.325
Severe vs. mild 1.04 0.57–1.88 0.908

ages, increasing risk for fall-related TBI, and as ad-
vances in emergency medical and surgical treatment
further increase survival, the number of elderly persons
acquiring new or additional disabling impairment in
this country will increase. Additional age-related co-
morbidity is likely to influence outcome such as inde-
pendent living. People who survive TBI may anticipate
a normal life span but may also be at increased risk for
subsequent TBI [4]. As survivors of TBI age with dis-
ability and an increased risk of additional injury, com-
munities will need to plan for increasing utilization of
health care and other supportive resources.

5. Study limitations

Data for this study were collected from a single pop-
ulation, which in 1990 was 96% white. With the excep-
tion of a higher proportion of the working population
employed in the health care industry, the characteris-
tics of Olmsted County are similar to those of United
States whites. However, the under-representation of
minorities in this cohort, and the fact that essentially
all care was delivered by two institutions, compromises
the generalizability to different racial and ethnic groups
and to different health care environments. Because no
single county or health care system can be expected to
be completely representative of the general population,
our findings should be further examined in different
geographic and care settings. The relatively high stan-
dard of living and ready access to health care in this
community may have led to improved survival and an
over estimation relative to other communities. If so,
the finding of reduced survival after mild TBI in this
population gains significance.

The criteria used to categorize mild and moderate
to severe injuries in this analysis were based on cri-

teria used in previous work in this population [2–5].
Using these criteria, it is possible that some mild in-
juries were included in the moderate to severe group,
such as those with skull fracture only. On the other
hand, the definition of mild injury restricted this group
to those with no structural evidence of injury. Other
potential indicators of injury severity such as Glasgow
Coma Scale (GCS), duration of post-traumatic amnesia
(PTA), and duration of loss of consciousness are vari-
ably documented in the record. Reliance on these el-
ements for case identification would have significantly
restricted the sample. For this initial study, we elected
to use criteria that allowed us to examine the largest
portion of the population-based sample. Future analy-
ses will examine the potential effect on survival rates
of varying models for stratifying injury severity based
on available data such as GCS and PTA. It has been
reported that only 85% of persons experiencing mild
and moderate head injuries seek medical attention [16].
Although the likelihood that TBI events are undetected
is arguably lower in this setting relative to others, given
the longitudinal and comprehensive nature of the REP
medical records linkage system, we recognize that not
all persons with mild injury come to medical attention.

6. Conclusions

This population-based analysis indicates that persons
who experience mild TBI exhibit a small but statisti-
cally significant reduction in long-term survival com-
pared to the general population. The case fatality rate
for persons with moderate to severe TBI is very high,
but among six-month survivors, long-term survival is
similar to that for persons with mild TBI. The increased
mortality among survivors of mild injury may have sig-
nificant social and economic effects given the high in-
cidence of mild TBI. The lack of difference among six-
month survivors of moderate to severe and mild injuries
may increase the need for supportive community ser-
vices for individuals ageing with TBI-related disabil-
ity at all levels of injury severity. These findings must
be confirmed in different geographic and care settings
to determine whether they can be generalized to other
populations.
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