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traumatic brain injury

[AN BAGULEYY,
SHAMERAN SLEWA-YOUNANT,
ROSS LAZARUSY and ALISA GREEN'

% Brain Injury Rehabilitation Service, Wesanead Hospital, Westmead, NSW, Australia
1 Faculty of Medicine, University of Sydney, Camperdown, NSW, Auvstralia

(Received 9 Decernber 1939; accepted 24 January 2000)

Comparison of long-term mortality rates between patients with traumatic brain injury (TBI) and the
general population has ot been adequately investigated. This project aimed to obtain information on
the long-term mortality rate of patients with TBL. Using a rehabilitation database of a major teaching
hospital, the search identified 476 patients, of whom 27 were deceased. This mortality rate {5.7%) was
compared with the expected mortality rate for an equivalent population without TBI (1.5%) using
Australian Life Table data. [t was found that patients writh TBI had a significandy higher morality rate
than the genenl pepulation (x*=122,r< ©.001). Possible reasons for this finding are discussed.

Introduction

Traumatic brain injury (TBI) is a significant cause of death and long term disability
worldwide. While numerous investigations have looked at aspects of the human
cost of TBI, there are few investigations in the international literature regarding
Jong-term mortality trends for patients who survive the initial post-injury period.
There is no published data from Australian studies. Of the limited literature avail-
able, the majority of papers have restricted their sample to military or paediatric
populations, with only one paper focusing on a community-based adult population.

In 2 classic study of long-term mortality trends following TBI, Walker ¢t al. [1]
found that, in the first 15 years following head injury, the death rate amongst WWI
soldiers was three to four times greater than expected. This finding was repeated
when Walker et al. [2] increased their sample size to approximately 600 males. By
constructing Life Expectancy (LE) cables, the authors estimated a reduced LE for
highly functioning patients of 35 years.

Higher than expected mortality rates among persons with penetrating TBI were
also found by Rish et 4l. [3], who investigated 1127 Vietnam Veterans ovet a 15-
year period. Subjects were 21-35 year old males who had survived at least 1 week
post-injury. Of the 90 deaths in this study, most deaths were concentrated in the
first year post-injury (46), with 16 occurring in the period berween 1-4 weeks of
injury. Deaths were usually attributable to the effects of the injury or the sequelae of
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coma. Forty-seven of the 49 patients who remained in a coma or PersisFent
Vegetative State (PVS) were deceased at the conclusion of the 15-year study penoi.
The authors concluded that the mortality rate for their sample began to approac

that of the general population, as determined by the actuarial levels projected for

North American males of simjlar age after 3 years. Despite this finding, closer

inspection of their published data reveals that the annual mortalicy rate consistently
exceeded that of the general population for the first 12 years post-injury. I
In a long-term investigation of mortality rates of non-ij'Jtary patients with THI,
Lewin ef al. (4] followed 479 patients in England for a period of 10-2_4 years. All
i i ma or Post Traumatic Amnesia (PTA) durauoq of more
tatus was estimated by examining mobility, with inde-
pendent mobility suggesting a high level of function. The study found that there
nin LE in high functioning patients. Amongst patients in a

1 year and none survived longer than 10 years. Cguses'of
ed and Lewin [4] reported that after the imt;al high-risk
period, many causes of death were o more common among patients with TBI than

in the general population. Exceptions included epilepsy, meningitis, accidents and
suicides, and respiratory disease.

A more recent study looking at long-
paediatric-adolescent population was tha
forty-six subjects, aged 5-21 years and

assessed. Patients were identified due to

temm mortality trends following TBI in a
t of Strauss et al. [5]. Nine hundred and
with a male : female ratio of 3: 1, were

Service’s measure, the Client Development Evaluation Report. The authors
reported that high function;

ng patients had a reduction in LE of ~3—5 years, as
compared to that of the g

eneral population. The LE for patients functioning at a
low level 6 months post-injury was on]

y 15 years. Males were found to lhave‘ a
significantly elevated mortality rate when compared to fermales, with a relative risk
of 1.20 (95% confidence Interval 1.03-1.39),

In light of the previous findings,
cohort of patents with severe TBI
admitted to inpatient rehabilitatio

this study aimed to evaluate mortality ratesin a
whe survived the initjal post-injury period to be
0. The primary aims of this study were to:

{3) Examine whether cay

Method

Sample selection

) n Service (BIRS), Westmead Hospital, following
severe TBI in the calendar were included in the study.
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Demographic data (for example, personal contact details, age, gender) were col-
lected for all subjects. Level of function was determined at the time of discharge
from inpatient rehabilitation using the Functional Assessment Measure (FAM) [6].
Injury related details (e.g. pre-morbid psychiatric history, substance use, admission
GCS, discharge FAM, etc) were available from the BIRS Database for patients
admitted from August 1990. This resulted in missing data rates for the FAM of
41% and 30% and for pre-morbid psychiatric history/substance abuse of 52% and
22% for the Deceased and Alive subgroups, respectively.

The living status of patients was determined with August 1997 as the anchor
point. An attempt was made to contact all patients, other than those known to be
deceased, by mail, telephone or through outpatient clinic appointments. A list of
patients known to be deceased or who were non-contactable during August 1997
was forwarded to the New South Wales Department of Births, Deaths and
Marriages. Death certificates were obtained for deceased patients.

Staristics

The construction of a population-based control sample was achieved using the
Australian Bureau of Statistic’s 1997 Death data [7]. The cumulative risk of death
was calculated for each subject with TBI, corresponding to the gender and age for
each year they were enrolled in the study. The mortality rates of the control and
TBI groups were than analysed using Fishers Exact Test (SPSS v9.0) [8].

Additional variables such as age at injury, gender, previous psychiatric morbidity,
substance abuse and functional status (via discharge FAM) were also analysed across
the Alive and Deceased patient sub-groups using independent samples t-test or
Fishers Exact Test as appropriate.

Results

Four hundred and seventy-six patients were included in the study cohort and
retrospectively analysed. The number of patients enrolled in the study increased
each vear as a result of new admissions to the BIRS. The mean duration between
injury and the anchor point was 64 months, with a range of 8 months to 11 years.
The median date of injury was May 1992. Injures were almost exclusively due to
closed head trauma (97%), with a small number of penetrating head injuries. Mode
of injury was predominantly motor vehicle related injury (62%), followed by falls/
hit by object (21%), assault (12%) and sport-related accidents (4%).

Twenty-seven of the 476 patients enrolled in the study had died by August
1997, a mortality rate of 5.7%. Table 1 describes demographic characteristics of the
Alive and Deceased sub-groups. Only 8% of the Deceased sub-group were female,
compared to 20% for the Alive group, however this was not statistically significant.
There was some suggestion of an association between previous psychiatric morbid-
ity and risk of death (x* = 3.4, p < 0.064), while a history of substance abuse
(including alcohol) was not found to be significant between the two sub-groups.
The length of time between injury and death ranged from 45 days to 9 years and 2
months post-injury, with a median interval of 17 months. It appeared that the mean
age among the Deceased subgroup was slightdy higher (#(27) = —1.6, p < 0.055).
The Deceased sub-group displayed a significantly lower level of functional inde-
pendence on discharge FAM scores compared to the Alive sub-group (£{15) = 3,
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Table 1. Demograpchic characteristics of the alive and deceased sub-groups

Alive Deceased p-value

Gender (s}

Male 359 25

Fernale 90 2 2 < 0,078

Rato 4:1 12:1
Mean age at injury (SD) 31.7 (14 37.6 (18) 7 < 0.055
Mean FAM scores (SD) 174 (39) 84 (72) P < 0.001
Pre-morbid psychiatric history 45 4 p < 0.064
Pre-morbid substance use 46 3 p <0308

P < 0.001). All subjects that had lower FAM scores (< 100) and were deceased at
the conclusion of the study were male.

The number of deaths expected in an equivalent sample from the general
population was determined using Life Tables, This process gave 6.7 expected deaths
(rounded up to 7 for further analyses) with a mortality rate of 1.5%. The number of
deaths were compared using Fishers Exact Test, showing that significantly more
patients with TBI had died than would be expected in the general populaton
(x> =122, p< 0.001); 95% confidence intervals (CI) were calculated for the
two groups. The Poisson exact 95% CI for the mortality rate of the TBI groups
i1s 0.037-0.083 around the point estimate of 0.057, compared to 0.006-0.030
around the point estimate of 0.015 for the expected population mortality rate.
The absence of overlap in the 95% CI's comroborates the suggestion that the mor-
tality rates between the two groups are significantly different.

Figure 1 shows survival curves for the TBI group and a statistically derived
matched group from the general population plotted against time post-injury. As
can be seen, the greater proportion of deaths occur in the TBI group in first 12
months post-injury.

Table 2 describes the causes and frequency of the deaths in patients with TBL
Thirty per cent of deaths were found to be due to cardiorespiratory arrests, the
minority following myocardial infarction (three out of eight), Infection formed the
next largest category, contributing to 22% of all deaths with bronchopneumonia
being the most common {five out of six). The remaining causes of death varied in
categories and frequency, No trends were found between cause of death and the
variables of age, level of function and/or time from injury to death.

Discussion

This study sought to provide an analysis of long-term mortality trends in predomi-
nantly adult patients following severe TBI. An overall mortality rate of 5.7% was
found, which incorporated an over-representation of low functioning patients and a
trend for increased mortality amongst older patients. The mortality rate in the TBI
group varied significantly from the predicted rate of 1.5%, based on an equivalent
population sample. Females were relatively under-represented and subjects with
pre-morbid psychiatric histores were over-represented in the deceased sub-group.

‘There is a degree of similarity between these results and some of the previous
literature. The mortality rate was 5.7% after an average of 5 years post-injury. Rish
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Figure 1. Comparison of actual versus predicted survival following TBL
Table 2. Causes of death
Cause of death Frequency
Cadiorespiratory arrest 8
Infection—bronchopneumonia/sepsis 6
Haemarrhage—intracranial/ gastrointestinal/pulmonary 4
Epilepsy 1
Renal failure 1
Accidental 2
Suicide 1
Substance abuse/overdose 1
Unknown/insufficient information on death certificate 3
Total 27

et al. [3] reported a mortality rate of 8% after 15 years and, if his patients who died
under 1 month were rermoved from the analysis, this rate falls to 6.7% (74 of 1111
subjects). Strauss et al. [5] had a of 4.0% rate over a 9 year ‘window’, whereas Lewin
et al. [4] reported a mortality rate of 33% 10-24 years post-injury. There is a higher
degree of consensus in previous literature with regards to the survival of lower
functioning TBI survivors. Although definitions of what constituted a low level
of function varied amongst previous studies, mortality rates for low level patients
were 96% at 15 years [3], 100% at 15 years [5] and 100% at 10 years [4]. The finding
of 31% deceased at 5 years is comparable with previous investigations.

While reassuring, the similarity in these results is also somewhat surprising, as the
results span the greater part of a century and concern dramatically differenc modes of
injury. The pathophysiclogy of penetrating and closed head injury are markedly
different and it is conceivable that mortality rates would differ between the two
mechanisms. Again, the experiences of survivors of TBI on the battlefield are likely
to differ from those in civilian life. However, mortality rates appear approximately
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equivalent in closed and penetrating head injury. Improvements in medical tech-
nology from World War I, through the Vietnam War, to current practice have
increased the survival rate for patients with severe TBI. While modem medicine
may be contributing to increased survival immediately following TBI, there is little
to suggest any improvement in life expectancy.

The over representation of lower functioning patients with TBI in the current
and previous literature [3-5] may be attributable to a number of factors. While most
deaths did not appear causally linked to direct complications of the TBI, indirect
links may be postulated. As suggested previously [5], inactivity in lower functioning
TBI survivors may play 2 role in late mortality. Research looking at late mortality in
patients with spinal cord injury and cerebral palsy have identified a high correlation
between mobility and mortality [5, 9-11]. Indeed, immobility may be the common
factor that explains similar findings in lower functioning patients with TBI despite
differences in the nature of the injury and variable definitions of what constitutes
low level function in previous research.

However, inactivity related morbidity may not be the whole story. Recent
literature has suggested that outcome following severe TBI may be related to an
individual’s apolipoprotein E (APOE) status [12]. In particular, the presence of the
APQE 4 allele has been linked to an increased risk of death or severe disability
following severe TBI {13, 14]. This genotype has also been linked to increased risk
of developing ischaemic heart disease (IHD} [15]. In patients with a low level of
function post-TBI, the combined tisk of reduced mobility and the presence of
APOE 4 may help explain the increased mortality atributed to IHD in the
group, although this would need to be investigated further. It is the increased
mortality rate in higher functioning patients that is more difficult to explain,
Given the poorer outcome for patents with APOE 4, one would expect that
high functioning patients with TBI should be less likely to carry this allele and
develop associated disorders. In large populations, this factor would imply a reduced
mortality risk from IHD in this group. An alternative hypothesis to explain an
increased late mortality may be a combination of lifestyle and psychological factors
in this sub-group. Factors such as social isolation, relationship breakdowns, unern-
ployment, substance abuse and psychological disorders, often reported in outcome
studies of patients with TBI [16-19), may account for some of this difference.
Finally, the higher mortality rate of high functioning patients might be exphined
from another perspective. Some studies have found that TBI is more prevalent in
groups with Jower socio-economic status (SES). It may prove that the use of the
Austrahian Life Tables data, based on nation-wide death data irrespective of SES,
may under-estimate the mortality rate in thac portion of the population most at-risk
of TBI. It is possible that the observed increase in late mortality of higher function-~
ing patients may mirror that of people from lower SES without 2 TBL

The limitations of this study are primarly attributable to the relatvely short
follow-up-period (mean 5 years post-injury). Information on deaths in this study
came from the regulatory authorities within one state of Australia and not from a
country-wide database. For this reason, the 27

the actual number of deaths within the sample,

tables was not possible due to the small number of subjects in the deceased sub-
group. In_ general, however, the similarities between this study and previous inves—
figations implies that the current findings are robust. '

recorded deaths may underestimate
The construction of life expectancy
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Future investigations will need to address a number of issues. The finding that
males appear to be over-represented in the deceased group, and particularly in the
lower functioning group where all deceased subjects were male, raises the question
of gender differences in late mortality following TBL. This gender difference may be
quite broad-ranging, as there is some limited evidence that females may have an
advantage in some aspects of recovery following TBI [20]. This question could be
explored further with a longer follow-up period and larger numbers in the deceased
sub-group. Another issue requiring further study is the interplay of socioeconomic
status and possible sample bias in using the Australian Life Tables data.

In conclusion, this study corroborates previous research that patients with severe
TBI have a significantly higher long-term mortality rate than the general popula-
tion. Mortality rates are highest for those with the greatest restrictions following
TBI. Males, patients who are older at the time of injury and those with a pre-
morbid psychiatric history appear to be at greater risk of late mortality. While some
of the reasons for these findings are yet to be adequately explained, in Australia,
where the greatest cause of TBI is motor vehicle accidents, these findings have
important medico-legal implications.

References

1. Warxer, A. E. and EacuLer, F.; Head Injured Men 15 Years Later (Springfield, Iil: Charles C
Thomas Publisher), 1968.

2. WALKER, A. E., LEuchs, H. K., LEcuTare-GRUTER, H. et al.- Life expectancy of head injured
men with and without epilepsy. Archiives of Newrology, 24, 95-100, 1971

3. Risy, B. L., Duuox, J. D. and Wess, G, H.: Monality following penemating craniocercbral
injuries. An analysis of the deaths in the Viemam Head Injury Registry population. Joumal of
Neurosurgery, 59: 775780, 1983.

4. LewinN, W., Magsuatr, T. F., DE. C. and RopERTs, A. H.: Long-terrn outcome after severe
head injury. British Medical Jowmal, 2: 1533-1538, 1979.

5. StraUSS, D. J., SHAVELLE, R. M. and Anperson, T. W Long-term survival of children and
adolescents after traumatic brain injury. Archives of Physical Medine and Rehabilitation, 79: 1095—
1100, 1998.

6. Harr, K. M. Overview of funcrional asessment scales in bmin injury rehabilitadon.
Neurorehabilitation, 2: 98-113, 1992,

7. AUSTRALIAN BURBAU OF STATISTICS: Deaths, Australia (Canberra: ABS Catalogue no. 3302.0),
1997.

8. SPSS Base 9.0: User's Cuide. Release 5.0 (SPSS, Chicago, 1), 1999.

9, HarTxoPp, A., BRoNNuM-HanseN, H., SEIDENSCHNUR, &. M. et al: Survival and cause of
death after traumaric spinal cord injury. A long-term epidemiological survey from Denmark.
Spinal Cord, 35: 76-85, 1997.

10. WHITENECK, G. G., CHARLIFE, S. W., FRANKEL, H. L. e al.; Mortality, mocbidity, and psycho-
social outcomes of persons spinal cord injured more than 20 years ago. Paraplegia, 30: 617630,
1992,

11. Samsa, G.P., PATRICK, C. H. and Feussneg, J. R..: Long-term survival of veterans with traumacic
spinal cord injury. Archives of Nesrology, 50: 909-914, 1993,

12. Graxam, D. L., MaxwerL, W.L. and Nicory, ]. A, R.: Neurotrauma. Brain Pathology, 7: 1285~
1288, 1997,

13. TeasDALE, G. M., N1cory, J. A. R., MURay, G. e al.: Association of apolipoprotein E poly-
morphism with outcome after head injury. The Lancer, 350: 10691071, 1997.

14. FRIEDMAN, G., FROOM, P., SazBoN, L. ef al.: Apolipoprotein E-e4 genotype predicts a poor
outcome in survivars of traumatic brain injury. Neurology, 52: 244248, 1999.

15. Van BockxmMeer, F. M. and MamotTE, C. D. S.: Apolipoprotein E-e4 homozygosity in young
men with coronary heart disease, The Lancet, 340 879-880, 1592.




512 Long-term mortality trends

16. Kosxmen, 5.; Quality of life 10 years after 2 very severe tumatic brin injary (TBI): the
perspective of the injured and the closest relative. Broin Injury, 12: 613648, 1998.

17. Hmiawet, D], Tavion, R and PENTLAND, B.: Cognitive and psychosocial outcome followw-
ing modesate of sCVETS twauznatic brain mjury. Brain Injury, 13: 489-504, 1999.

18. WaTys, R. and Periesz, A Psychosocial outcome risk indicator: predicting psychosocial out-
come following tranmatic brain injury. Brain Injury, 13: 113-124, 1999.

19. FrmmcHAM, K. L., BAGULEY, I.]. and Crooxs, J.: A comparison of acute and post-discharge
predictors of employment two years following waumaric brain injury. Arhives of Physical Medicine
and Rehabilitation, submitved.

20. (GROSWASSER, Z.., COHEN, M., and Keagy, O.; Fermle TBI patients recover better than males.
Brain Injury, 12: 805-808, 1998.




