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1. INTRODUCTION

Rehabilitation needs and long-term planning for persons
with severe traumatic brain injury (TBI) are covered in
depth in other chapters of this volume. Here we consider
one important aspect of long-term planning, namely
longevity.

It is well known that mortality after severe TBI is
exceptionally high in the acute post-injury period. It is
perhaps less well known that long term mortality (2 years
or more post-injury) is also increased, by comparison with
the general population. It follows as a mathematical con-
sequence that the life expectancy is reduced.

There are many studies of short-term survival after
TBI. Detailed long-term data, however, and resulting
research studies, are relatively sparse. The largest group
studied on a long-term basis appears to be in the Cali-
fornia Disabilities Database, which includes approxi-
mately 4,000 persons with disability secondary to TBI.

In this chapter we review what is known about life
expectancy in TBI and present some new findings. Sec-
tion 2 gives a brief review of key actuarial ideas needed for
a discussion of life expectancy. Section 3 discusses the causes
of death for which the risk is increased after a serious TBI,
and reviews the literature. It is not always recognized that
persons with TBI are subject to excess mortality risk from
some of these causes. In section 4 we review the literature
on life expectancy after TBI, focussing on recent research.

Life Expectancy

After this we discuss the factors that best predict life
expectancy (section 5). It will be seen that, as in other types
of chronic disability, the severity of motor dysfunction
is the most important predictor of reduction in life
expectancy. Later, in sections 6 and 7, we present some new
findings on life expectancy and long-term decline in func-
tion after TBL. We discuss the effect of quality of care on
life expectancy in section 8, the estimation of life
expectancy in individual cases in section 9, and offer some
conclusions in section 10.

2. TERMINOLOGY

It will prove helpful in the later sections to be familiar
with the following terms:

* Survival time: the actual number of years lived by a
given patient or member of a study population. A
patient alive at the end of a study period is said to
have a censored survival time as of that date.

* Life expectancy: the average survival time in a large
group of similar persons. Note that this is not a pre-
diction about any individual’s actual survival time,
as some survival times will be much longer and oth-
ers much shorter than average.

* Median survival time: the time after which exactly
half of a large group of persons are still alive. If all
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that the more recent studies have a higher proportion of
severely disabled persons. This would have obvious impli-
cations for the comparison of older and newer studies.

5. FACTORS RELATED TO SURVIVAL

The best predictors for survival in the short term are clin-
ical measures such as the patient’s Glasgow coma scale
and duration of post-traumatic amnesia. The concern in
this chapter, however, is with factors predictive of long-
term survival.

For persons with TBI as well as in the general pop-
ulation, age is of course the most obvious determinant
of life expectancy. Apart from age, the key factor is the
severity of disability, especially motor dysfunction. This
can be measured by simple functional items such as the
patient’s ability to walk, use hands, and self-feed. Other
factors (such as preserved cognitive function or epilepsy)
have a relatively small effect once motor function has
been accounted for.

We now consider the factors that have been con-
sidered significant for life expectancy, citing the available
evidence.

* Age. The increase in mortality of persons with TBI
with age has been documented in many studies (52,
53,71-74).

* Sex. In the general population, mortality of males at
most ages is appreciably higher than that of females
(2-6). For example, in the U.S. general population
males age 30 to 60 have about twice the risk of death
as females (2). Similar sex-differences have also been
observed in persons with TBI (35). As would be
expected, the difference is most marked in persons
with milder disabilities and all but disappears at the
most severe end of the spectrum. For example, no
sex difference was been found in the survival of per-
sons in the permanent vegetative state (75).

* Time since injury is certainly an important factor in
the short-term. The mortality risk declines steadily
during the first two years after injury as the patient’s
condition stabilizes. In the much longer term, how-
ever, there is no clear evidence of a trend, once sever-
ity of disability is taken into account. For example,
mortality rates of persons 5 years post-injury do not
seem markedly higher than otherwise comparable
persons 10 years post-injury (49).

Because mortality after severe TBI is so high
shortly after injury, it has sometimes been suggested
that individuals vary greatly in their “toughness™:
only the tough survive the initial post-acute period,
and these individuals are likely to survive much
longer. No doubt individuals do vary to some extent
in their abilities to survive major trauma. A more

plausible explanation, however, is the well-known
“healthy survivor” effect: persons with the most
severe injuries die first, and the remainder have bet-
ter survival because their injuries are, on average,
less severe. This explanation is consistent with our
finding that after the first few years, mortality rates
are fairly constant over time once mobility and other
factors are taken into account,

Mobility is the most powerful predictor of long-term
survival after TBI. Using the extensive California
Disabilities Database, Strauss, Shavelle and Ander-
son (52) found a large difference in survival based
on an overall mobility scale (none, poor, fair/good).
The risk of death for persons with no mobility was
approximately four times higher than those with fair
or good mobility, even after adjustment for several
other factors.

Shavelle and Strauss (53) subsequently computed
age-specific mortality rates for three levels of ambu-
lation (walks well alone; walks with support or
unsteadily alone; does not walk). The age-specific
mortality risks relative to the general population
ranged from as low as 1.3 to as high as 17. Additional
research indicates that, as would be expected, still
more precise discrimination can be made based on
more refined measures of motor function (49). Simi-
larly, Baguley et al. (15) found that Functional Assess-
ment Measure score was associated with survival.
Feeding ability. Strauss, Shavelle and Anderson (52)
found a sharp contrast in survival between four
groups of persons: those requiring a feeding tube
(RR = 6.6 compared to the best group), those fed
orally by others (RR = 2.9), those who could finger
feed (RR = 2.1), and those who could use utensils
(the best group, with RR = 1 by convention).

The inability to self-feed is an indirect measure of
neurological compromise. It seems likely it is this
compromise that causes the increased mortality, and
the inability to self-feed is primarily a marker for it.
Need for ventilator support, oxygen, and/or fre-
quent suctioning; history of respiratory problems.
We recently investigated the effect of these factors (49).
Each was much more common in persons who could
not walk and who required a feeding tube than in
persons who were higher-functioning, In the former
group, the univariate effect — that is, when no
adjustment for mobility, etc. was made — was sta-
tistically significant and large: the relative risks for
the factors ranged from 2 to 6. However, once age,
sex, mobility and feeding were accounted for the
(multivariate) relative risk was less than 1.2 for each
factor.

Deficits in cognitive function and ability to commu-
nicate are strongly correlated with severity of motor
dysfunction. Although cognitive and communicative
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functions are strong univariate predictors of mor-
tality, their effects are modest when motor function
is taken into account (49, 52). The same finding
has been documented in persons with cerebral palsy
(61, 62).

Epilepsy. Many authors have found that epilepsy
was strongly associated with reduced survival (17,
19, 50, 51). However, as others have suggested, this
was likely because the presence of post-traumatic
epilepsy is highly correlated with the extent of brain
damage (17, 22). That is, epilepsy served as a marker
for injury severity. Nevertheless, epilepsy is an inde-
pendent risk factor for increased mortality. We
recently confirmed this, and additionally found that
in those who cannot walk, the relative risk of death
for persons with generalized tonic-clonic seizures is
1.2 compared to others (49). In a separate study of
people with minimal physical disabilities, Strauss
et al. (76) similarly documented the increased mor-
tality associated with recent seizures.

Calendar year. The question is whether survival
rates have improved over the years for a patient of
given age and severity of disability. This would be
termed a secular trend. The available data does not
reveal any evidence of such a trend in recent (1980+)
years (15, 49, 52). This may seem paradoxical
because (i) as noted in other chapters of this volume,
advances in rehabilitation have improved functional
outcome after TBL, and (ii) as documented above,
functional outcome, specifically mobility and feed-
ing skills, are key factors associated with life
expectancy. Thus it may well be that among patients
with similar initial injuries, survival now is better
than in previous decades because functional
outcome is better. The cited research (15, 49, 52),
however, looked at a different issue: comparison of
survival now and in the past of patients who have
the same functional outcome.

Several other factors should be mentioned as possi-

ble predictors of survival:

e Poor education. This factor was noted by Corkin,

Sullivan and Carr (51). They suggest many reasons
for the increased risk of death, including subsequent
occupation and access to health care. To our knowl-
edge other researchers have neither confirmed nor
disproved this.

Depth of brain injury. Weiss et al. (19) found that,
as expected, the survival was poorer in persons with
deeper (greater than 3 cm) brain injuries, although
the difference was not statistically significant.
Penetrating versus closed head injuries. Baguley et al.
(15), in comparing the literature, concluded that there
was no evidence of a difference. After controlling for

functional abilities we too could find no differ-
ence, though the power of this comparison was
low (49). Zafonte et al. (77) also found no differ-
ence in functional outcome at one year post-injury.
On a related point, we found no difference in sur-
vival (49) between those who suffered skull frac-
tures (ICD-9 codes 800-804) versus intracranial
injuries (850-854). Finally, it may be that the effect
of epilepsy is different in penetrating versus closed
injuries, though evidence on this does not appear
to be available.

Duration of unconsciousness. Neither Shavelle and
coworkers (49, 52) nor Weiss et al. (19) found this
to be a significant factor. Lyle et al. (78) found that
duration of coma was associated with both recov-
ery and survival to 2 years, but it is not clear if this
result would hold true if attention was restricted to
those alive at 1 year post-injury, and if the functional
outcome — e.g., mobility — was accounted for.
Glasgow coma scale (GCS) and the duration of post-
traumatic amnesia (PTA). Again, these factors are
measures of the severity of the injury, are highly cor-
related with short-term survival, and therefore have a
relationship to subsequent longevity. We are not aware
of any evidence, however, that either of these factors
is associated with subsequent long-term survival given
the functional outcome one year post injury.
Maladaptive behaviors — such as drug use, other sub-
stance abuse, suicide attempts, assault, aggression,
self-injurious behavior, and lack of safety awareness —
are much more common in those who have suffered
a TBI or other central nervous system trauma than in
the general population. For example, several studies
report an association between CNS trauma and crim-
inal behavior, especially violent crime (79-81). Such
behaviour is also more frequent in persons with TBI
than in others with comparable levels of functioning
whose disabilities are due to cerebral palsy, autism,
and other conditions {32).

These behaviors, with the exception of safety
awareness, were positive factors for life expectancy
when considered in isolation (49). That is, for exam-
ple, persons who abused drugs had a lower mortal-
ity rate (and thus higher life expectancy) than those
who did not. This is not surprising as those who could
exhibit the behaviors were much less severely dis-
abled, on average, than those who could not. In fact,
these factors had a small negative effect on survival
once functional abilities were taken into account (49).

Maladaptive behaviors in general have all been
shown to be associated with increased mortality. For
a review of the epidemiological data, see Harris &
Barraclough (82). As these authors show, a major
component of the increase is deaths due to unnatural
causes, including accidents, suicide and homicide.
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It may be that the reduced life expectancy of rela-
tively high-functioning persons with TBI in part
reflects an increased rate of unnatural deaths asso-
ciated with behavioral problems.

APOE 4. 1t is also possible that the APOE 4 allele
plays a role. As noted by Baguley et al. (15) in cit-
ing Teasdale et al. (83) and Friedman et al. (84),
patients with the APOE 4 allele are more likely to
suffer unfavorable outcome after severe traumatic
brain injury. Recent research (85, 86) on this issue
has found that the presence of the APOE 4 allele is
associated with poorer memory performance and
rehabilitation outcome after TBL Research by Liber-

TBI. These include pre-injury health status and his-
tory of smoking, alcohol and drug abuse, obesity,
etc. Scientific literature on the effect of most of these
factors is available.

There are factors uncommon in the general popula-
tion that can affect the mortality risk of persons with
TBI. Examples are difficulties with chewing and swal-
lowing, contractures, pressure sores (for persons with
limited mobility), bowel and bladder dysfunction,
frequency of infections, and psychological factors
(attitude to the disability, depression, aggressive
behavior, etc.). For many of these factors, published
studies of the effect on mortality are not available.
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man et al. (87), however, did not show a consistent
influence of APOE genotype on outcome. We are not
aware of any data on the independent effect of this
allele on long-term survival.

Quality of care is addressed separately in section 8.
Other factors relevant to life expectancy in the gen-
eral population are also relevant for persons with

6. NEW ESTIMATES OF LIFE EXPECTANCY
IN TBI

Tables 17-2 and 17-3 show our most recent findings (49).
These represent a refinement of the data presented in our

TABLE 17-2
Female Life Expectancy by Age and Severity of Disability
CannoT WALK SoME WALKS GENERAL

AGE PVS2 FED BY OTHERSD SELF FEEDS® WALKING ABILITYd WELL ALONES® POPULATION
10 12 27 46 55 61 70.0
20 11 26 40 48 54 60.2
30 10 22 33 41 46 50.5
40 9 - 16 26 31 36 41.0
50 7 11 19 23 27 317

aPermanent vegetative state: No purposeful motor or cognitive function. Requires a feeding tube.

bDoes not feed self, must be fed completely (either orally or by a feeding tube).

<Can feed self with fingers or utensils, with assistance and/or spillage.

dWalks with support, or unsteadily alone at least 10 feet but does not balance well.

¢Walks well alone for at least 20 feet, and balances well.

TABLE 17-3
Male Life Expectancy by Age and Severity of Disability
CannoT WALK SoMmE WAaLKS GENERAL

AGE PVSa FED BY OTHERSP SeLr PEEDSC WALKING ABILITY? WELL ALONE® PopuraTIiON
10 12 27 46 50 56 64.3
20 11 26 40 44 49 54.7
30 10 22 33 g 37 41 - .45.4
40 9 16 26 oo 28 32 ..36.2
50 7 11 19 , : - .20 23 27.4

aPermanent vegetative state: No purposeful motor or cognitive functlibn.‘ Requires a feeding tube.

®Does not feed self, must be fed completely (either orally or by a feeding tube).

<Can feed self with fingers or utensils, with assistance and/or spillage.

9Walks with support, or unsteadily alone at least 10 feet but does not balance well.

*Walks well alone for at least 20 feet, and balances well. .
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earlier publications, and take account of age, sex, and
walking and feeding ability. For comparison, life
expectancies in the permanent vegetative state (PVS) and
the U.S. general population are also shown. As can be
seen, the remaining life expectancy decreases both with
age and with severity of injury.

At the most severe end of the disability spectrum, the
permanent vegetative state (PVS), the life expectancy is at
most 12 years, and no significant differences were found
between the sexes. The PVS analyses are specific to per-
sons with acquired injuries, including TBI and near-
drowning, and who will require gastrostomy feeding for
life. The corresponding figures (not shown) for persons
with congenital conditions, degenerative diseases, or who
require a ventilator are lower still.

Persons in the minimally conscious state (MCS) ~ a
group that has received recent attention in the clinical lit-
erature (88-90) — have slightly higher cognitive function
than those in the PVS. A study of infants who were immo-
bile and in the MCS (“IMCS”) found that their survival
was only slightly better than those in the PVS (91). Thus,
once again, mobility is seen to be a more important pre-
dictor of survival than cognitive function. A subsequent
analysis of 2,534 children and adults who were in the
IMCS gave the same finding (49).

The nonambulatory group covers a wide range of
functional abilities. At the low end of the range are per-
sons in the vegetative state, and those who are immobile
and require gastrostomy feeding. At the high end are per-
sons who feed themselves, and have reasonable self care
skills, even though they cannot walk. Tables 17-2 and
17-3 include a simple stratification on the basis of self-
feeding, an important predictor of life expectancy. Further
distinctions can of course usefully be made.

It should be pointed out that there are persons
whose residual TBI is so mild that they do not require ser-
vices (e.g., occupational and physical therapy) on an
ongoing basis. These persons would not be in the Cali-
fornia data base, and their life expectancies may be higher
than any group described above. In the best case, where
the effects of the TBI are minimal, the life expectancy is
of course essentially normal, or even better than normal
(if, for example, the person was a nonsmoker, took reg-
ular exercise, maintained a good weight, etc.).

Persons in the highest functioning group of the
table — those who can walk well alone and balance well —
nevertheless have disabilities severe enough to require ongo-
ing services. The aggregate life expectancy is reduced by 4
to 9 years compared to the general population. As expected,
the difference is smallest for the oldest persons. Note that
there is no sex difference in life expectancy in the most
severely disabled category, but a substantial difference
among the higher functioning groups.

The TBI figures in Tables 17-2 and 17-3 do not take
account of whether the person needs a feeding tube. This

need is uncommon in the higher-functioning groups, but
about half of the persons over age 10 who cannot walk
and cannot feed themselves do require a feeding tube, and
their life expectancy is lower. Also not considered are spe-
cific fine and gross motor skills and cognitive ability, all
of which affect life expectancy to some extent.

Technical Note The scientific methods underlying the
study of life expectancy are well-documented in the actu-
arial, epidemiological and statistical literature; see, for exam-
ple, Singer (91), Kahn and Sempos (1), Collett (92), Schoen
(93) and Anderson (12). Full details on the specific methods
used to compute the results in Tables 17-2 and 17-3 are
described elsewhere (75, 94, 95). A brief summary follows:

o The analyses were based on data from 1,723 persons
at all ages (PVS) and 3,598 persons over age 10 (TBI).

o A data set of person-months was constructed —
PVS: 56,229 person-months; TBI: 285,424 person-
months. Each person-month was associated with the
subject’s age, severity of disability, etc., and an indi-
cator variable for whether the person died in that
month.

e Logistic regression was used to compute the annual
mortality rates. The following factors were used:
o PVS analyses: age, time since injury, etiology, and

need for feeding tube.
o TBI analyses: age, sex, time since injury, and the
walking and feeding categories listed in the table.

 The PVS analyses provided mortality rates for all ages.
The TBI analyses provided rates at the starting ages
and a model was used to compute rates at subsequent
ages. A life table or survival curve was then con-
structed, with the life expectancy obtained directly in
the former case, and as the area beneath the curve in
the latter.

7. LONG-TERM DECLINE IN FUNCTION

In the short term, patients with TBI often regain some
functioning in the first year post-injury (96-98), but the
rate of recovery slows thereafter (28, 99, 100). An excep-
tion is the elderly, who have a low rate of recovery even
in the first year (101-104).

It appears that, over the long term, patients with TBI
will lose functional abilities faster than those in the gen-
eral population:

o Lewin et al. (21) reported progressive intellectual
deterioration in their patients, more so than would
occur in the general population.

» A relevant comparison may be with persons who
have suffered repeated (“chronic”) TBI, as contrasted
to acute TBL Chronic TBI can result from boxing



