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18. Aging with a Traumatic Brain Injury

18.1 Introduction

The term “aging” is often used in the literature to describe how an adult progresses developmentally to
an older state of being. However, the meaning of aging in the current context is used to describe
individuals that have already reached the age of 65 years and are living out their remaining years
according to Canada’s life expectancy estimate. Although the differences are subtle, the point is to
highlight the aging process as normal physical, cognitive and psychosocial decline in later years, beyond
the age of 65, and not simply a chronological progression. These normal functional declines are
commonly referred to as senescence (Comfort, 1964).

Traumatic brain injury (TBI) is a leading cause of death in the elderly and often has devastating long-
term effects (Frankel et al., 2006). Not only does TBI have consequences for the individual, but also for
the public health system and caregivers. Clinical research has demonstrated that TBI can seriously
hinder physical, cognitive, and psychosocial functioning, regardless of whether the head injury is mild,
moderate, or severe (Services, 1998).

Statistics regarding TBI in Canada were collected by the Canadian Institute for Health Information (CIHI).
In the fiscal year 2003-2004, 29% of all head injury hospitalizations in Canada were elderly individuals
(age 60+ years)(Canadian Institude for Health Information [CIHI], 2006). This corresponds to 4,902
hospital admissions in older adults alone. The prevalence of head injury is alarming given that the
elderly population made up only 12% of the total Canadian population in 2004. More alarming is that
many head injuries go unreported by family physicians and outpatient healthcare settings, and more
remain undiagnosed in individuals that do not seek medical help. In 2004, 1,368 individuals who had
experienced a head injury died in the hospital as a result of their injuries, the majority of which were
elderly (59%). The number of deaths reported in hospitals does not include individuals who died at the
scene of an accident or shortly before arriving to the hospital; therefore, it is estimated that the number
of fatalities is higher than reported (Canadian Institude for Health Information [CIHI], 2006).

This module provides an overview of the incidence and etiology of brain injury in individuals over the
age of 65. Relevant interventions for this demographic are presented throughout the module and are
discussed critically to help evaluate their efficacy.

18.1.1 Mechanism of Injury

In 2004 the predominant mode of injury for older Canadian adults was unintentional falls and
represented 76% of all head injury admissions. Further, 82% of all injury related admissions of Canadian
older adults were the result of a fall (Canadian Institude for Health Information [CIHI], 2006). Individuals
who have fallen previously are at a high risk of subsequent falls (Teno et al., 1990). In 2004, the second
and third leading causes of head injury in older Canadian adults were motor vehicle collisions and
assaults at 17% and 1.1%, respectively (Canadian Institude for Health Information [CIHI], 2006). The
rates due to motor vehicle collisions are particularly worrisome given that older adults drive
considerably less than younger adults. The rate of death resulting from motor vehicle collisions in those
65 years and older was 13.2 per 100,000, yet for those aged 45 to 64 years, the rate was only 8.2 per
100,000 (Ramage-Morin, 2008). Head injuries caused by falls produce a greater number of focal brain
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lesions than those produced by other mechanisms such as motor vehicle accidents (Alberico et al.,
1987).

18.1.2 Head Injury Incidence by Age and Gender

In 2004, the average age of Canadian seniors sustaining a head injury was 75 years, and on average 57%
of all admissions were males. This overrepresentation by males is observed in all other age brackets for
TBI as well (Zygun et al., 2005). However, American studies have shown that gender differences
regarding TBIl incidence disappear over the age of 65 (Tieves et al., 2005). Pentland et al. (1986) reported
a slightly higher number of head injuries in women over 75 years of age, resulting mostly from falls, in
part because of the large number of women in this age group.

18.2 Post-Traumatic Mortality

It is widely accepted that individuals over 65 experience differences in recovery. Key research has shown
that individuals 56 years of age and older also experience very different outcomes following major
trauma compared to those who are younger. Several studies have demonstrated that older individuals
(those 56 years of age or older) have higher mortality rates (up to 62%) at discharge from acute care
regardless of injury severity (Bouras et al., 2007; Kuhne et al., 2005; Mosenthal et al., 2002; Spaniolas et
al., 2010; Susman et al., 2002). While the literature generally lumps all individuals over 65 years of age
as one group, studies have shown that there may in fact be key differences in recovery and outcomes.
Bouras et al. (2007) examined mortality rates of older adults with TBI who were stratified into age
groups (14-64, 65-74, and 75 or more years of age) and found that mortality rates were significantly
different between the two oldest age brackets, with the oldest seniors faring worse than the younger
seniors. Further, Kuhne et al. (2005) found that mortality peaked at the age of 75. One explanation for
higher mortality rates from brain injuries or secondary shock in older adults may be due to the
vulnerability of brain vessels with advancing age (Marxheimer, 1998).

It has been consistently shown that age, Glasgow Coma Scale (GCS), and injury severity are three
independent predictors of mortality following a TBI. Table 18.1 presents key research that demonstrates

the effect of age and GCS on mortality following an acquired brain injury (ABI).

Table 18.1 Mortality Rates Post TBI based on Age and Severity of Injury

Author/ Year/
Country/ Study Time Point Study Findings
Design/ N
Mortality at Discharge
Lilley et al. Mortality rate at discharge Mortality >65 yr
(2016) GCS <8=79%
United States GCS>8=6.2%
Case Series
N=90
Utomo et al. Mortality rate at discharge Mortality >65 yr
(2009) GCS 3-8=83.3%
The Netherlands GCS 9-12=47.8%
Case Series GCS 13-15=14%
N=428
Bouras et al. Mortality rate at discharge Mortality 65-74 yr Mortality >75 yr
(2007) GCS 3-4=94% GCS 3-4=92%
Greece GCS 5-8=71% GCS 5-8=93%
Case Series GCS 9-13=37% GCS 9-13=51%
6 Module 18- Traumatic Brain Injury and Older Age-V12
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N=1,926 GCS 14-15=6% GCS 14-15=13%
Kuhne et al. Mortality rate at discharge ISS 16-24 ISS 50-75
(2005) 15-35yr=3.4% 15-35 yr =51.4%
Germany 36-65 yr=8.4% 36-65 yr=70.3%
Case Series 66-75 yr=22.4% 66-75 yr=90%
N=5375 >76 yr=37.0% >76 yr=100%

Mosenthal et al. (2002)

Mortality rate at discharge

Mortality <64 yr
GCS 3-8=30%

Mortality >64 yr
GCS 3-8=61%

Ca;‘izgzes GCS 9-13=1% GCS 9-13=42%
GCS 14-15=1% GCS 14-15=5%
Susman et al. Mortality rate at discharge Mortality <65 yr Mortality >65 yr
(2002) GCS <6=62% GCS <6=86%
USA GCS 6-9=12% GCS 6-9=52%
Case Series GCS 10-12=8% GCS 10-12=33%
N=11,722 GCS 13-15=2% GCS 13-15=12%
Mortality at 1-6 Months Post Injury
Patel et al. Mortality rate 3 mo post Mortality GCS 3-5 Mortality GCS 6-8
(2010) injury 65-70 yr=79.6% 65-70 yr=47.1%
United Kingdom 70-75 yr=85.9% 70-75 yr=56.4%
Case Series 75-80 yr=92.0% 75-80 yr=73.3%
N=669 >80 yr=92.6% >80 yr=78.8%
Mohindra et al. Mortality rate 6 mo post Mortality 20-40 yr Mortality >70 yr
(2008) surgery GCS 3-8=39.2% GCS 3-8=72.7%
India GCS 9-12=19.0% GCS 9-12=71.4%
Case Series GCS 13-15=5.7% GCS 13-15=0.0%
N=1071
Tokutomi et al. Mortality rate at 6 mo post Mortality Mortality
(2008) injury (Prior Disease) (No Prior Disease)
Japan 6-39yr=17% 6-39 yr=34%
Case Series 40-69 yr=51% 40-69 yr=53%
N=797 >70 yr=65% >70 yr=75%
Grossman et al. Mortality rate 1 mo post Mortality >65 yr
(2002) injury ISS <15=3%
USA ISS 15-30=18%
Case Series ISS >30=50%
N=33,781
Mortality 1-5 Years Post Injury
Lilley et al. Mortality rate at 1 yr post Mortality
(2016) injury GCS<8=87.9%
United States GCS>8=40.6%
Case Series
N=90
Colantonio et al. Mortality rate 1-9 yr post Mortality
(2008) injury 15-34 yr=3.2%
Canada 35-64 yr=16.3%
Case Series >65 yr=55.0%
N=2,721
Selassie et al. Mortality rate 15 mo post Mortality
(2005) injury 15-34 yr=1%
USA 35-54 yr=5%
Case Series 55-74 yr=11%
N=3,679 >75 yr=30%
Mortality >5 Years Post Injury
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Ratcliff et al. Mortality rate 8-24 yr post- Mortality
(2005) injury 14-24 yr=7%
USA 25-39 yr=9%
Case Series 40-59yr=31%
N=640 >60 yr=74%

Note: GCS=Glasgow Coma Scale, ISS=Injury Severity Score

In general, older age is a predictor of mortality following a TBI, independent of GCS or injury severity.
Additionally, for older individuals with a GCS below eight, higher mortality rates are reported compared
to older individuals with a GCS above eight. Mortality rates are consistently seen between 61% and 94%
(Bouras et al., 2007; Mosenthal et al., 2002; Utomo et al., 2009). For these reasons, many authors
suggest that the best way to reduce the risk of mortality post ABI is to mitigate risk factors and focus
efforts on the prevention of injury (Cetty et al., 2017; Yang et al., 2017), as well as using factors
predictive of mortality to determine the most appropriate individually-tailored treatment plans (Gardner
et al., 2017, Lilley et al., 2016; Okazaki et al., 2016).

18.3 Functional Outcomes

Over the course of a lifetime, a variable degree of normal physical and cognitive change occurs. As
individuals age, many report these changes as health-related issues. Individuals who have sustained a
TBI and live to older adult years, or who sustain a TBI during late adulthood, experience unique and
often accelerated declines in physical and mental health. The combination of both brain injury and aging
can have serious implications for the patient, their family, and the community.

Older adults with brain injury have been found to have poor GOS functional outcomes compared to
younger individuals (Born et al., 1985; Kakarieka et al., 1994; Katz & Alexander, 1994; Ritchie et al.,
2000). Only 4% of the older adults with an incoming GCS of less than 8 experienced a good outcome
(GOS 4-5), while 91% experienced a poor outcome (GOS 1-3) (Kotwica & Jakubowski, 1992). Further,
only 5-20% experienced a moderate-to-good recovery one year later (Alberico et al., 1987; Brazinova et
al., 2010; Dikmen et al., 1995). Kilaru et al. (1996) reported that lower GCS is a strong independent
predictor of poor long-term functional outcomes in older adults. Ultimately, the research literature has
shown that older adults have poorer outcomes at all time points, regardless of the severity of injury
(Frankel et al., 2006; Hukkelhoven et al., 2003; Katz & Alexander, 1994; LeBlanc et al., 2006; Mosenthal
et al., 2002; Rothweiler et al., 1998; Susman et al., 2002; Vollmer et al., 1991).

Table 18.2 Functional Outcomes Post TBI based on Age and Severity of Injury

AutISI::LrI{h\I(;aerS/ig('.‘:/ulr\]try/ Sample Characteristics Study Findings
Outcome at Discharge
Ritchie et al. Patients >66 yr old, CGS 3-15 GOS 4-5 GOS 1-2
(2000) incoming, recovery at discharge GCS 3-8=0.0% GCS 3-8=87.8%
Australia by GOS GCS 9-12=27.5% GCS 9-12=31%
Case Series GCS 13-15=73.5% GCS 13-15=13.3%
N=191
Pennings et al. Patients 20-40 and >60 yr old, GOS 4-5 GOS 1-2
(1993) GCS <5 incoming, recovery at <40 yr=38% <40 yr=44%
USA discharge by GOS >60 yr=2% >60 yr=93%
Observational
N=169
8 Module 18- Traumatic Brain Injury and Older Age-V12
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Kotwica & Jakubowski Patients >70 yr old, GCS 3-15 GOS 4-5 GOS 1-2
(1992) incoming, recovery at discharge GCS 3-8=4% GCS 3-8=91%
Poland by GOS GCS 9-12=28% GCS 9-12=40%
. GCS 13-15=80% GCS 13-15=20%
Case Series
N=136
Patients <65 and >65 yr old, GCS GOS 4-5 GOS 1-3
scores 3-14 incoming, recovery at | GCS 3-7 GCS 3-7
1 mo post injury by GOS <65 yr=22% <65 yr=78%
>65 yr=4% >65 yr=96%
Pentland et al.
(1986) GCS8-12 GCS 8-12
Scotland <65 yr=86% <65 yr=14%
Cohort >65 yr=46% >65 yr=55%
N=2,019
GCS 13-14 GCS 13-14
<65 yr=99% <65 yr=1%
>65 yr=96% >65 yr=4%
Outcome at 6 Months Post Injury
Utomo et al. Patients >65 yr old, AlS 4-5 AlIS 4-5
(2009) incoming, recovery at 6 mo post GOS 1-2=8%
The Netherlands injury by GOS GOS 3=49.5%
Case Series GOS 4=11%
N=310 GOS 5=31.5%
Patients 20-40 and >70 yr old, GOS 4-5 GOS 1-2
GCS 3-15 pre-operative, recovery | GCS 3-8 GCS 3-8
at 6 mo post surgery 20-40 yr=42.1% 20-40 yr=42.6%
Mohindra et al. >70 yr=3.0% >70 yr=96.9%
(Izr?:ii) GCS 9-12 GCS 9-12
Case Series 20-40 yr=72.5% 20-40yr=21.1%
N=1071 >70 yr=14.3% >70 yr=85.7%
GCS 13-15 GCS 13-15
20-40 yr=90.0% 20-40 yr=7.6%
>70 yr=80% >70 yr=0%
Gomez et al. Patients 14-64 and >65 yr old, GOS 1-2 GOS 4-5
(2000) GCS <8 incoming, recovery at 6 15-35 yr=45% 15-35 yr=44%
Spain mo post injury 36-45 yr=57% 36-45 yr=30%
Case Study 46-64 yr=54% 46-64 yr=24%
N=810 >65 yr=88% >65 yr=8%
Ross et al. Patients >65 yr old, GCS 3-15 GOS 4-5 GOS 1-2
(1992) incoming, recovery at 6 mo post GCS 3-8=4% GCS 3-8=91%
USA injury by GOS GCS 9-12=12% GCS 9-12=71%
Observational GCS 13-15=27% GCS 13-15=55%
N=195
Vollmer et al. Patients 15-55 and >56 yr old, GOS 4-5 GOS 1-3
(1991) GCS 3-15 incoming, recovery 16-35 yr=49% 16-35yr=51%
USA 6mo post injury by GOS 36-45 yr=33% 36-45 yr=66%
Case Series 46-55 yr=22% 46-55 yr=77%
N=661 >56 yr=9% >56 yr=91%
Outcome at 12 Months Post Injury
Brazinova et al. Patients 266 yr old, GCS 3-4 GOS 1-3 GOS 4-5
(2010) incoming, mortality GCS 3-4=91% GCS 3-4=9%
Austria
9 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018



http://www.abiebr.com/
https://www.ncbi.nlm.nih.gov/pubmed/1456109
https://www.ncbi.nlm.nih.gov/pubmed/3751745
https://www.ncbi.nlm.nih.gov/pubmed/19540490
https://www.ncbi.nlm.nih.gov/pubmed/17707476
https://www.ncbi.nlm.nih.gov/pubmed/10883332
https://www.ncbi.nlm.nih.gov/labs/articles/1602176/
http://thejns.org/doi/abs/10.3171/sup.1991.75.1s.0s37
https://www.ncbi.nlm.nih.gov/pubmed/20597653

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018
Case Series rate/recovery by GOS 1 yr post
N=100 injury
Patients <70 and >70 yr old, GCS GOS 4-5
Dikmen et al. 3-15 incoming, recovery 1yr post | 20-29 yr=>75%
(1995) injury by GOS 30-39 yr=70%
USA 40-49 yr=60%
Observational 50 - 59 yr=30%
N=466 60-69 yr=25%
>70 yr=20%
Katz & Alexander Patients <60 and >60 yr old, PTA GOS 4 GOS 2-3
(1994) <3 mo, LOC <2 wk incoming, <20 yr=93% <20 yr=8%
USA recovery at 1 yr post injury by 20-39 yr=90% 20-39 yr=10%
Observational GOS 40-59 yr=88% 40-59 yr=10%
N=243 >60 yr=53% >60 yr=43%
Alberico et al. Patients <60 and >60 yr old, GCS GOS 4 GOS1
(1987) <7 incoming, recovery at 1 yr 0-20 yr=45% 0-20 yr=25%
USA post injury by GOS 2-40 yr=35% 20-40 yr=32%
Case Series 41-59 yr=15% 41-59 yr=50%
N=330 >60 yr=5% >60 yr=70%

Note: GCS=Glasgow Coma Scale, GOS=Glasgow Outcome Scale, LOC=Length of Coma, AlS=Abbreviated Injury Score

Overall, older adults admitted to acute care with a severe brain injury have a poor prognosis, with few
being discharged with a good functional outcome (Kotwica & Jakubowski, 1992; Ritchie et al., 2000). In
addition to injury severity being a significant predictor of functional outcome, age as well as GCS predict
lower functional outcomes (Brazinova et al., 2010; Kilaru et al., 1996).

Some studies have measured how disability rating scale scores change over time in older individuals
with an ABI (Cifu et al., 1996; Frankel et al., 2006; Livingston et al., 2005). All studies compared older
adults to younger individuals at admission to and discharge from an inpatient rehabilitation center.
Despite that patients had the same injury severity on admission to rehabilitation, the younger group had
greater recovery per day, as measured by disability rating scale scores, compared to the older group
(Cifu et al., 1996; Frankel et al., 2006). Thus, while recovery in older adults following TBI is apparent, the
process is slower. Conversely, Livingston et al. (2005) found that rates of improvement based on the
disability rating scale during the first year are similar in both young and old individuals; however, the
rates plateaued/declined over time in older adults while they continued to improve for younger
individuals.

18.3.1 Functional Outcomes as measured by the Functional Independence Measure

Many studies have been conducted to measure functional changes over time in individuals with TBI.
Graham et al. (2010) studied admission and discharge Functional Independence Measure (FIM) scores
and found that older women made similar functional gains as men from admission to discharge, even
though they were approximately two years older and were twice as likely to be living at home prior to
the brain injury. Younger adults with TBl improved at a greater rate per day on the FIM compared to
older adults from admission to discharge (Frankel et al., 2006). Upon analysis of FIM subscales during
acute care, younger and older adults were similar on physical functioning, but the younger group
surpassed the older group in terms of behaviour and cognitive function at almost twice the rate (Cifu et
al., 1996).

A significant age effect on overall functional outcome was found (GOS); the older a patient was at the
time of injury, the poorer the discharge FIM scores were, despite better admission scores than the
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younger group (Graham et al., 2010). It should be noted, however, that the authors were unsure how
clinically meaningful these differences were (Graham et al., 2010). A side-by-side comparison of
admission GCS to discharge FIM revealed that despite the same injury severity in both young and old
groups, the older patients with a TBI were discharged with a poorer FIM score for each moderate and
severe brain injury sustained (LeBlanc et al., 2006). At one-year post discharge, younger adults
recovered significantly better than the older group, even after accounting for pre-morbid conditions
(Livingston et al., 2005).

Reeder et al. (1996) did not find that age was a significant predictor of functional gain during
rehabilitation, even after controlling for injury etiology, injury severity, and demographic information.
The authors suggest that with sufficient rehabilitation lengths of stay, pre-injury functional status is
possible in older adults. Given that the lengths of stay in rehabilitation units have decreased over time,
the amount of time given to recover to pre-morbid status may not be adequate for patients (Canadian
Institude for Health Information [CIHI], 2006). In addition to slower recovery in older adults, there is a
clear relationship between increased injury severity and decreased overall function over time (Cifu et al.,
1996).

18.4 Cognitive Outcomes

The combination of age-related cognitive decline and neurological damage sustained during a brain
injury has a cumulative effect and produces profound deficits in older adults. The literature on cognitive
decline following TBI in older adults is limited. In studies directly assessing older adults following a TBI,
cognitive impairments have been found including delayed recall (Gupta & Ghai, 1991) and word fluency
(Aharon-Peretz et al., 1997).

Short-term and long-term cognitive decline has been shown to be a risk factor for older adults who have
sustained a TBI; however, many older individuals experience a decline in cognitive functioning as a result
of normal aging or pathology. Such pathology may include dementia, a progressive neurodegenerative
disease whereby memory and thinking become impaired. There are currently 564,000 Canadians living
with dementia, the majority of these individuals are over the age of 65, therefore, teasing apart the
relationship between aging, TBl and dementia can be a difficult task for primary health providers
(Chambers, 2016). Quite often dementia (un-related to a TBI) and TBI-related cognitive decline exist as
co-morbid conditions. Typically individuals post TBI recover to some degree over time or plateau,
whereas patients with dementia experience a progressive decline (Kersel et al., 2001). For example,
compared to individuals with Alzheimer’s disease, individuals with TBI were able to learn new
information and retain it over time with practice (Bigler et al., 1989) and perform better on both verbal
and visual memory tests (Bigler et al., 1989; Goldstein et al., 1996). Determining whether dementia is
the underlying problem as opposed to TBI sequela is made even more challenging by the fact that a
brain injury is a risk factor for developing Alzheimer’s disease and other dementias (Fleminger et al.,
2003; Guo et al., 2000; Mayeux et al., 1995; Mortimer et al., 1991; Plassman et al., 2000; Roberts et al.,
1991; van Duijn et al., 1992). Starkstein & Jorge (2005) claimed that the changes in the brain following a
TBI may lower the threshold for the manifestation of Alzheimer’s disease in predisposed individuals.

Protein upregulation and genetic factors may both contribute to neurodegeneration following a brain
injury. Evidence has been accumulating over the past decade that the genetic polymorphism
Apolipoprotein E (apoE, protein; APOE, gene) protein may play a role in cognitive outcomes after brain
injury. In individuals post injury, the APOE4 allele has become an excellent predictor for poor clinical
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outcome, both physically and cognitively (Blacker et al., 2007; Friedman et al., 1999; Jordan et al., 1997,
Liaquat et al., 2002; Lynch et al., 2002; Nicoll et al., 1996; Starkstein & Jorge, 2005; Swan et al., 2005;
Teasdale et al., 1997).

18.5 Psychological Outcomes

Despite the significant amount of literature on psychosocial issues following brain injury in the younger
population, very little is known about how older adults fare. Older adults with brain injuries suffered
from significantly more psychosocial dysfunction, psychological distress, and post-concussive symptoms
than the controls (Goldstein & Levin, 1995). Additionally, neurobehavioural/emotional disorders have
been found in older adults following TBI (Goldstein & Levin, 1995; Goldstein & Levin, 2001; Goldstein et
al., 1999; Levin et al., 1997). However, one study found that younger individuals did not differ
significantly from the older brain injury population in levels of anxiety and depressive disorders
(Whelan-Goodinson et al., 2010). While many of the cognitive changes have been noted five months
post injury in the brain injury older population, psychosocial distress only becomes apparent several
years post injury (Oddy et al., 1978). This might indicate a delayed onset of depression in the older adult
TBI population.

Recent evidence suggests that the location of a given lesion may also influence the psychological well-
being of an individual in addition to pre-existing factors. A study by Kim et al. (2017) examined
comorbidity between depressed mood and TBI and found that patients with bilateral and left
hemispheric brain lesions were more likely to also be depressed than those with right hemispheric
lesions. When comparing those who were diagnosed as depressed to non-depressed TBI patients, those
who were depressed also exhibited significantly lower FIM cognitive scores at discharge (Kim et al.,
2017). This research supports the increasingly holistic approach to rehabilitation medicine, particularly
with older populations, as many factors can influence psychological and physical outcomes.

Psychosocial rehabilitation within older adult populations should be considered, as quite often inpatient
rehabilitation focuses on physical and cognitive gains. Rehabilitation efforts focusing on the psychosocial
dimension are two-fold, those which guide the patient, and those which guide the family and/or
caregiver. One of the most troublesome psychological conditions afflicting those with TBI is major
depression. Issues related to spousal relationships and family functioning is common among older
individuals post TBI. Additionally, caregivers should be a part of the planning process for future
treatments and services (Dikmen et al., 1995). Family and caregiving assistance is crucial for all
individuals during rehabilitation, but perhaps more so for older adults. As individuals age their social
network diminishes and family members or friends must endure a greater burden. Thus, rehabilitation
efforts and support services should be available to both the TBI patient and their support network
(Uomoto, 2008).

18.6 Models of Care

Following a head injury, it is typical that an individual remains in acute care long enough to monitor and
manage basic systems (e.g., respiration), undergo surgery, and/or complete a hospital-based
rehabilitation program (Stroke., 2002). Following acute care, individuals may be required to complete
further rehabilitation in a hospital-based or community setting. Depending on the severity of the injury,
individuals may be discharged home or to a long-term facility (Kim et al., 2006).

12 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

In acute care, older patients should be aggressively triaged (Kuhne et al., 2005), monitored closely
(Selassie et al., 2005), and referred to senior medical staff (Zietlow et al., 1994). Mitra et al. (2008)
emphasize that transitioning to intensive care units is extremely beneficial for optimizing good
outcomes. Older adults who experience a head injury experience a greater number of medical
complications compared to younger individuals (Thompson et al., 2006) and typically have poorer long-
term prognoses (Mosenthal et al., 2002). According to the Center for Disease Control and Prevention
(2007), 79.1% of all individuals over the age of 65 years, who had sustained a severe head injury, had at
least one co-morbid disease. Physicians should be wary of the overlap in symptoms between cognitive
impairment and TBI to eliminate the potential for misdiagnosis (Flanagan et al., 2006). Seniors may be
more at risk for further complications because of co-morbidities, frailty, previous head traumas, and
medication interactions. Given the costs/resources required to care for older adults with TBI, the current
demographic trends are concerning. It is important that treatments are unique and shifted towards
older adults who have sustained a TBI, particularly due to the large number of older adults with TBI in
the population (Cekic & Stein, 2010; Kuhne et al., 2005).

Recent trends in literature have shifted towards compassion-based care (Lilley et al., 2016), meaning
that the quality of life and end-of-death experience is taken into consideration when choosing what
level of care to provide. As more research is demonstrating age itself to be a predictor of poorer
outcomes (Kuhne et al., 2005; Ritchie et al., 2000), end of life decisions are being increasingly
approached by a team of individuals (e.g., social worker, family members, and physicians) with the
intent of prioritizing the minimization of suffering and not necessarily achieving a functional outcome
(Lilley et al., 2016; Schumacher et al., 2017).

18.6.1 Acute Care

18.6.1.1 Length of Stay

After a brain injury occurs, a patient may transition through a typical care pathway consisting of acute
care, intensive care unit management, inpatient rehabilitation, and outpatient rehabilitation or another
support service (Khan et al., 2002). In Ontario in 2006, approximately 1-5% of all emergency department
visits by individuals 60 years or older were for TBI. Additionally, 4-16% of all acute care inpatient hospital
admissions by individuals 60 years or older were for a diagnosis of TBI (Colontonio et al., 2009). Length
of stay in acute care varies widely depending on a multitude of factors including but not limited to injury
severity, age at injury, geographical status, and discharge disposition. Based on Canadian data, older
adults stayed, on average, 15 days in acute care in 2004. In comparison, those aged 0-19 years stayed
for 5 days, those aged 20-39 years stayed for 11 days, and those aged 40-59 years stayed for 13 days
(Canadian Institude for Health Information [CIHI], 2006).

18.6.1.2 Intensive versus Conservative Treatment

There is much controversy as to whether older adults should be treated aggressively or conservatively in
the acute care setting, especially for older individuals who have sustained very serious head injuries. For
ethical reasons researchers have not specifically withheld acute care treatment to compare outcomes.
Some studies have found that older patients that have sustained a TBI tend to receive more
conservative acute care compared to younger patients (Lane et al., 2003; Thompson et al., 2008).
Thompson et al. (2008) found that as age increased, a lower intensity of care was provided to older
adults (e.g., transportation to a designated trauma center, intracranial pressure monitoring, specialty
care assessments, surgical/medical specialty care, intensive care unit admission, etc.). Additionally, older
individuals were more likely to have died at discharge compared to younger adults, after accounting for
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injury severity, co-morbidities, and gender. Higher mortality rates could be explained by less aggressive
care or a greater number of do-not-resuscitate orders (Thompson et al., 2008). In an observational
study, Lilley et al. (2016) recently reported that 72% of families had chosen to withdraw or withhold life-
sustaining treatments if the individual’s status had declined post intake. A multitude of studies have
shown that older adults sustaining a brain injury are given a lower intensity of care which ultimately
results in higher than expected mortality rates (Grant et al., 2000; Lane et al., 2003; Thompson et al.,
2008).

18.6.1.3 Neurosurgical Care

After a particularly serious head injury, cerebral perfusion pressure (CPP) can build. Following brain
trauma, it is important to maintain stable CPP to allow proper oxygen perfusion, waste removal, and
glucose delivery (Rao, 2007). However, there is a general lack of studies assessing whether CPP
guidelines are appropriate for elderly individuals. Age-specific factors such as co-morbid conditions
including hypertension or diabetes mellitus and multiple medications may affect the cerebral response
to injury and thus CPP (Thompson et al., 2006).

When CPP increases to dangerous levels, decompressive craniotomy is a procedure used to relieve
pressure in the brain and results in significantly better management of uncontrollable intracranial
hypertension (Aarabi et al., 2006; Jiang et al., 2005; Meier et al., 2005; Ucar et al., 2005). While good
outcomes can be achieved in young trauma patients, whether the same outcomes could be obtained for
older adults is controversial. A suggested age limit for performing decompressive craniotomy has been
said to be 40-50 years of age (Aarabi et al., 2006; Meier et al., 2006; Skoglund & Nellgard, 2005).
However, surgery should still be recommended for patients with mild injuries who are only recently
identified as elderly (Bouras et al., 2007; Jamjoom, 1992). Mohindra et al. (2008) examined 45 older (70+
years) and 1,026 younger (20-40 years) individuals with TBI for outcomes after advanced trauma care,
including surgery. The elderly consistently show greater rates of disability and mortality post-surgery
(Kinoshita et al., 2016). Taken together, decompressive craniotomies are not typically performed on
patients older than 50 years, as the usual risks of surgery combined with the risks of older age typically
result in poorer outcomes compared to those under the age of 50.

18.6.1.4 Discharge Disposition

After an individual has stabilized in acute care and is well enough to leave, they may be discharged to a
variety of settings based on their likelihood of improvement. Such settings may include inpatient
rehabilitation, personal home with or without outpatient support services, long-term care, or supportive
housing. While Livingston et al. (2005) did not find any age-related differences in discharge disposition
among their study sample, several researchers have found a discrepancy. Several studies have shown
that older adults were less likely to return to their former living status (Mosenthal et al., 2002;
Rothweiler et al., 1998; Utomo et al., 2009). Frankel et al. (2006) reported that only 80.8% of the older
patients (55 years) with a TBI were discharged to the community as opposed to an institutional setting
compared to 94.3% of the younger patients with a TBI (<55 years). Ultimately there appears to be a
discrepancy in discharge destination between older and younger individuals post injury; a greater
number of older adults are discharged to long term care facilities or nursing homes while younger adults
tend to return home.

18.6.2 Rehabilitation
Goldstein (2005) wrote a special section on rehabilitation for TBI in the older adult population. Unlike
the significant focus on rehabilitative efforts in children and young adults, very little has been done
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regarding the rehabilitative needs of older adults. A concern is whether a “good” outcome is even
possible in older adults. As indicated previously, overall there is a linear relationship between severity of
injury and outcome (Mosenthal et al., 2002).

In 2011, the Netherlands implemented a targeted Geriatric Rehabilitation Program, which proposes a
framework to improve the rehabilitative care of seniors (Holstege et al., 2015). The program focuses on
four areas of care; the alignment of care with the patient’s needs, quality of care, coordination of care,
and coordination of care with care team members. A study examining the effects of this Geriatric
Rehabilitation Program (Holstege et al., 2015) determined that seniors with a TBI were more likely to
experience successful rehabilitation outcomes compared to seniors who have suffered a stroke.
Compared to a retrospective control group, TBI individuals who participated in the rehabilitation
program had significantly greater independence in activities of daily living, decreased length of hospital
stay, and improved functional improvement. However, the majority of rehabilitation efforts that are
being used with elderly individuals have resulted from studies solely investigating a younger population.
Age-related differences may interact to generate a very different set of circumstances requiring unique
rehabilitative efforts. Extra-injury factors including depression and a deterioration of social functioning
may exacerbate these differences, supporting the need for a continued focus on developing evidence-
based medicine knowledge for specific populations.

18.6.2.1 Length of Stay

Older adults stay significantly longer in rehabilitation compared to younger patients; studies have
reported length of stays ranging from 27 to 56 days among older adults (40+ years), and 22 to 33 days
among young patients (<40 years) (Cifu et al., 1996; Frankel et al., 2006; Marquez de la Plata et al.,
2008). However, despite longer stays, and therefore greater total costs, there was no notable difference
between age groups in terms of daily rehabilitation costs.

18.7 Conclusions

Falls are the number one cause of injury-related deaths in seniors in Canada (Canadian, 2017; Canadian
Fall Prevention Education Collaborative, 2017; Cirriculum, 2017; Curriculum, 2017). Overall, there is
limited research which has specifically examined older adults post TBI. The health care team must assess
the individual to decide which choice of setting will be most beneficial (e.g., inpatient, outpatient, or
home therapy). Rehabilitation goals should be set in conjunction with the patient, caregiver, and
therapeutic team. While the ultimate goal is to return the patient to pre-morbid functioning, this may
not always be possible and therefore goals should be realistic and centered around independence. As a
result of this, recent patient care trends have also shifted to incorporate the end-of-life experience and
suffering as a factor when deciding whether to continue care and at what intensity. Overall, patients,
caregivers and the support network should be aware that regardless of outcome, rehabilitation and
recovery require extensive community support (Scherer, 2000).

15 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

18.8 References
References

Aarabi, B., Hesdorffer, D. C., Ahn, E. S., Aresco, C., Scalea, T. M., & Eisenberg, H. M. (2006).
Outcome following decompressive craniectomy for malignant swelling due to severe
head injury. J Neurosurg, 104(4), 469-479.

Aharon-Peretz, J., Kliot, D., Amyel-2vi, E., Tomer, R., Rakier, A., & Feinsod, M. (1997).
Neurobehavioral consequences of closed head injury in the elderly. Brain Inj, 11(12),
871-875.

Alberico, A. M., Ward, J. D., Choi, S. C., Marmarou, A., & Young, H. F. (1987). Outcome after
severe head injury. Relationship to mass lesions, diffuse injury, and ICP course in
pediatric and adult patients. J Neurosurg, 67(5), 648-656.

Bigler, E. D., Rosa, L., Schultz, F., Hall, S., & Harris, J. (1989). Rey-Auditory Verbal Learning and
Rey-Osterrieth Complex Figure Design performance in Alzheimer's disease and closed
head injury. J Clin Psychol, 45(2), 277-280.

Blacker, D., Lee, H., Muzikansky, A., Martin, E. C., Tanzi, R., McArdle, J. J., Moss, M., & Albert, M.
(2007). Neuropsychological measures in normal individuals that predict subsequent
cognitive decline. Arch Neurol, 64(6), 862-871.

Born, J. D., Albert, A., Hans, P., & Bonnal, J. (1985). Relative prognostic value of best motor
response and brain stem reflexes in patients with severe head injury. Neurosurgery,
16(5), 595-601.

Bouras, T., Stranjalis, G., Korfias, S., Andrianakis, I., Pitaridis, M., & Sakas, D. E. (2007). Head
injury mortality in a geriatric population: differentiating an "edge" age group with better
potential for benefit than older poor-prognosis patients. J Neurotrauma, 24(8), 1355-
1361.

Brazinova, A., Mauritz, W., Leitgeb, J., Wilbacher, I., Majdan, M., Janciak, I., & Rusnak, M.
(2010). Outcomes of patients with severe traumatic brain injury who have Glasgow
Coma Scale scores of 3 or 4 and are over 65 years old. J Neurotrauma, 27(9), 1549-1555.

Canadian, F., Prevention, Program. (2017). Resources & Links. Retrieved from
http://canadianfallprevention.ca/

Canadian Fall Prevention Education Collaborative. (2017). Canadian Fall Prevention Cirriculum:
Resources & Links.

Canadian Institude for Health Information [CIHI]. (2006). Head injuries in Canada: A decade of
change. . Ottawa, ON: CIHI

Cekic, M., & Stein, D. G. (2010). Traumatic brain injury and aging: is a combination of
progesterone and vitamin D hormone a simple solution to a complex problem?
Neurotherapeutics, 7(1), 81-90.

Cetty, L., Abdin, E., Vaingankar, J. A., Jeyagurunathan, A., Chua, B. Y., Picco, L., Prince, M.,
Chong, S. A., & Subramaniam, M. (2017). Prevalence and correlates of traumatic brain
injury (TBI) in older adults: Results from the Well-being of the Singapore Elderly (WiSE)
study. International Psychogeriatrics, 29(11), 1899-1907.

16 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/
http://canadianfallprevention.ca/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

Chambers, L., Bancej, C., McDowell, I., & Population Health Expert Panel. (2016). Prevalence
and Monetary Costs of Dementia in Canada. Toronto, Ontario, Canada: Alzheimer
Society of Canada in collaboration with the Public Health Agency of Canada.

Cifu, D. X., Kreutzer, J. S., Marwitz, J. H., Rosenthal, M., Englander, J., & High, W. (1996).
Functional outcomes of older adults with traumatic brain injury: a prospective,
multicenter analysis. Arch Phys Med Rehabil, 77(9), 883-888.

Cirriculum, C. F. P. (2017). Resources & Links.

Colantonio, A., Escobar, M. D., Chipman, M., McLellan, B., Austin, P. C., Mirabella, G., & Ratcliff,
G. (2008). Predictors of postacute mortality following traumatic brain injury in a
seriously injured population. J Trauma, 64(4), 876-882.

Colontonio, A., Parsons, D., Vander Laan, R., & Zagorski, B. (2009). TBI dataset pilot project
phase 1 report. . Toronto, Ontario Ontario Neurotrauma Foundation.

Comfort, A. (1964). Ageing, the biology of senescence. . New York, NY Elsevier.

Curriculum, C. F. P. (2017). Resources & Links. Retrieved from
http://canadianfallprevention.ca/

Dikmen, S. S., Ross, B. L., Machamer, J. E., & Temkin, N. R. (1995). One year psychosocial
outcome in head injury. J Int Neuropsychol Soc, 1(1), 67-77.

Flanagan, S. R., Hibbard, M. R,, Riordan, B., & Gordon, W. A. (2006). Traumatic brain injury in
the elderly: diagnostic and treatment challenges. Clin Geriatr Med, 22(2), 449-468; x.

Fleminger, S., Oliver, D. L., Lovestone, S., Rabe-Hesketh, S., & Giora, A. (2003). Head injury as a
risk factor for Alzheimer's disease: the evidence 10 years on; a partial replication. J
Neurol Neurosurg Psychiatry, 74(7), 857-862.

Frankel, J. E., Marwitz, J. H., Cifu, D. X., Kreutzer, J. S., Englander, J., & Rosenthal, M. (2006). A
follow-up study of older adults with traumatic brain injury: taking into account
decreasing length of stay. Arch Phys Med Rehabil, 87(1), 57-62.

Friedman, G., Froom, P., Sazbon, L., Grinblatt, I., Shochina, M., Tsenter, J., Babaey, S., Yehuda,
B., & Groswasser, Z. (1999). Apolipoprotein E-epsilon4 genotype predicts a poor
outcome in survivors of traumatic brain injury. Neurology, 52(2), 244-248.

Gardner, R. C., Dams-0'Connor, K., Morrissey, M. R., & Manley, G. (2017). Geriatric Traumatic
Brain Injury: Epidemiology, Outcomes, Knowledge Gaps, and Future Directions. Journal
of neurotrauma.

Goldstein, F. C. (2005). Rehabilitation for traumatic brain injury. USA: Oxford University Press

Goldstein, F. C., & Levin, H. S. (1995). Neurobehavioral outcome of traumatic brain injury in
older adults: Initial findings. Journal of Head Trauma Rehabilitation, 10(1), 57-73.

Goldstein, F. C., & Levin, H. S. (2001). Cognitive outcome after mild and moderate traumatic
brain injury in older adults. J Clin Exp Neuropsychol, 23(6), 739-753.

Goldstein, F. C., Levin, H. S., Goldman, W. P., Kalechstein, A. D., Clark, A. N., & Kenehan-Altonen,
T. (1999). Cognitive and behavioral sequelae of closed head injury in older adults
according to their significant others. J Neuropsychiatry Clin Neurosci, 11(1), 38-44.

Goldstein, F. C., Levin, H. S., Roberts, V. J., Goldman, W. P., Kalechstein, A. S., Winslow, M., &
Goldstein, S. J. (1996). Neuropsychological effects of closed head injury in older adults: A
comparison with Alzheimer's disease. Neuropsychology, 10(2), 147-154.

17 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/
http://canadianfallprevention.ca/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

Gomez, P. A, Lobato, R. D., Boto, G. R., De la Lama, A., Gonzalez, P. J., & de la Cruz, J. (2000).
Age and outcome after severe head injury. Acta Neurochir (Wien), 142(4), 373-380;
discussion 380-371.

Graham, J. E., Radice-Neumann, D. M., Reistetter, T. A.,, Hammond, F. M., Dijkers, M., &
Granger, C. V. (2010). Influence of Sex and Age on Inpatient Rehabilitation Outcomes
Among Older Adults With Traumatic Brain Injury. Archives of Physical Medicine and
Rehabilitation, 91(1), 43-50.

Grant, P. T., Henry, J. M., & McNaughton, G. W. (2000). The management of elderly blunt
trauma victims in Scotland: evidence of ageism? Injury, 31(7), 519-528.

Grossman, M. D., Miller, D., Scaff, D. W., & Arcona, S. (2002). When is an elder old? Effect of
preexisting conditions on mortality in geriatric trauma. J Trauma, 52(2), 242-246.

Guo, Z., Cupples, L. A., Kurz, A., Auerbach, S. H., Volicer, L., Chui, H., Green, R. C., Sadovnick, A.
D., Duara, R., DeCarli, C., Johnson, K., Go, R. C., Growdon, J. H., Haines, J. L., Kukull, W.
A., & Farrer, L. A. (2000). Head injury and the risk of AD in the MIRAGE study. Neurology,
54(6), 1316-1323.

Gupta, A., & Ghai, D. (1991). Memory in head injured patients. . Journal of Personality and
Clinical Studies, 7(1), 55-61.

Holstege, M. S., Caljouw, M. A,, Zekveld, |. G., van Balen, R., de Groot, A. J., van Haastregt, J. C,,
Schols, J. M., Hertogh, C. M., Gussekloo, J., & Achterberg, W. P. (2015). Changes in
geriatric rehabilitation: a national programme to improve quality of care. The Synergy
and Innovation in Geriatric Rehabilitation study. Int J Integr Care, 15, e045.

Hukkelhoven, C. W., Steyerberg, E. W., Rampen, A. J., Farace, E., Habbema, J. D., Marshall, L. F.,
Murray, G. D., & Maas, A. |. (2003). Patient age and outcome following severe traumatic
brain injury: an analysis of 5600 patients. J Neurosurg, 99(4), 666-673.

Jamjoom, A. (1992). Justification for evacuating acute subdural haematomas in patients above
the age of 75 years. Injury, 23(8), 518-520.

Jiang, J. Y., Xu, W., Li, W. P., Xu, W. H,, Zhang, J., Bao, Y. H., Ying, Y. H., & Luo, Q. Z. (2005).
Efficacy of standard trauma craniectomy for refractory intracranial hypertension with
severe traumatic brain injury: a multicenter, prospective, randomized controlled study. J
Neurotrauma, 22(6), 623-628.

Jordan, B. D., Relkin, N. R., Ravdin, L. D., Jacobs, A. R., Bennett, A., & Gandy, S. (1997).
Apolipoprotein E epsilon4 associated with chronic traumatic brain injury in boxing.
Jama, 278(2), 136-140.

Kakarieka, A., Braakman, R., & Schakel, E. H. (1994). Clinical significance of the finding of
subarachnoid blood on CT scan after head injury. Acta Neurochir (Wien), 129(1-2), 1-5.

Katz, D. I., & Alexander, M. P. (1994). Traumatic brain injury. Predicting course of recovery and
outcome for patients admitted to rehabilitation. Arch Neurol, 51(7), 661-670.

Kersel, D. A., Marsh, N. V., Havill, J. H., & Sleigh, J. W. (2001). Neuropsychological functioning
during the year following severe traumatic brain injury. Brain Inj, 15(4), 283-296.

Khan, S., Khan, A., & Feyz, M. (2002). Decreased Length of stay, cost savings and descriptive
findings of enhanced patient care resulting from and integrated traumatic brain injury
programme. Brain Inj, 16(6), 537-554.

18 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

Kilaru, S., Garb, J., Emhoff, T., Fiallo, V., Simon, B., Swiencicki, T., & Lee, K. F. (1996). Long-term
functional status and mortality of elderly patients with severe closed head injuries. J
Trauma, 41(6), 957-963.

Kim, H., Colantonio, A., Deber, R., & Vernich, L. (2006). Discharge destination from acute care
after traumatic brain injury. Can J Neurol Sci, 33(1), 48-52.

Kim, J. K., Kim, N. Y., & Kim, Y. W. (2017). Predictors for Depressive Mood in Geriatric Patients
After Traumatic Brain Injury: A Retrospective Cross-Sectional Study. Annals of
rehabilitation medicine, 41(2), 279-289.

Kinoshita, T., Yoshiya, K., Fujimoto, Y., Kajikawa, R., Kiguchi, T., Hara, M., Wakayama, A., &
Yoshimine, T. Decompressive Craniectomy in Conjunction With Evacuation of
Intracranial Hemorrhagic Lesions Is Associated With Worse Outcomes in Elderly Patients
With Traumatic Brain Injury: A Propensity Score Analysis. World neurosurgery, 89, 187-
192.

Kinoshita, T., Yoshiya, K., Fujimoto, Y., Kajikawa, R., Kiguchi, T., Hara, M., Wakayama, A., &
Yoshimine, T. (2016). Decompressive Craniectomy in Conjunction With Evacuation of
Intracranial Hemorrhagic Lesions Is Associated With Worse Outcomes in Elderly Patients
With Traumatic Brain Injury: A Propensity Score Analysis. World neurosurgery, 89, 187-
192.

Kotwica, Z., & Jakubowski, J. K. (1992). Acute head injuries in the elderly. An analysis of 136
consecutive patients. Acta Neurochir (Wien), 118(3-4), 98-102.

Kuhne, C. A., Ruchholtz, S., Kaiser, G. M., & Nast-Kolb, D. (2005). Mortality in severely injured
elderly trauma patients--when does age become a risk factor? World J Surg, 29(11),
1476-1482.

Lane, P., Sorondo, B., & Kelly, J. J. (2003). Geriatric trauma patients-are they receiving trauma
center care? Acad Emerg Med, 10(3), 244-250.

LeBlanc, J., de Guise, E., Gosselin, N., & Feyz, M. (2006). Comparison of functional outcome
following acute care in young, middle-aged and elderly patients with traumatic brain
injury. Brain Inj, 20(8), 779-790.

Levin, H. S., Goldstein, F. C., & MacKenzie, E. J. (1997). Depression as a Secondary Condition
Following Mild and Moderate Traumatic Brain Injury. Semin Clin Neuropsychiatry, 2(3),
207-215.

Liaquat, I., Dunn, L. T., Nicoll, J. A., Teasdale, G. M., & Norrie, J. D. (2002). Effect of
apolipoprotein E genotype on hematoma volume after trauma. J Neurosurg, 96(1), 90-
96.

Lilley, E. J., Williams, K. J., Schneider, E. B., Hammouda, K., Salim, A., Haider, A. H., & Cooper, Z.
(2016). Intensity of treatment, end-of-life care, and mortality for older patients with
severe traumatic brain injury. The journal of trauma and acute care surgery, 80(6), 998-
1004.

Livingston, D. H., Lavery, R. F., Mosenthal, A. C., Knudson, M. M., Lee, S., Morabito, D., Manley,
G.T., Nathens, A., Jurkovich, G., Hoyt, D. B., & Coimbra, R. (2005). Recovery at one year
following isolated traumatic brain injury: a Western Trauma Association prospective
multicenter trial. J Trauma, 59(6), 1298-1304; discussion 1304.

19 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

Lynch, J. R., Pineda, J. A., Morgan, D., Zhang, L., Warner, D. S., Benveniste, H., & Laskowitz, D. T.
(2002). Apolipoprotein E affects the central nervous system response to injury and the
development of cerebral edema. Ann Neurol, 51(1), 113-117.

Marquez de la Plata, C. D., Hart, T., Hammond, F. M., Frol, A. B., Hudak, A., Harper, C. R., O'Neil-
Pirozzi, T. M., Whyte, J., Carlile, M., & Diaz-Arrastia, R. (2008). Impact of age on long-
term recovery from traumatic brain injury. Arch Phys Med Rehabil, 89(5), 896-903.

Marxheimer, H. (1998). Subdural hematomas in victims with and without cerebral contusions -
comparison of two types of head injuries. . Rechtsmedizin, 9, 14-20.

Mayeux, R., Ottman, R., Maestre, G., Ngai, C., Tang, M. X., Ginsberg, H., Chun, M., Tycko, B., &
Shelanski, M. (1995). Synergistic effects of traumatic head injury and apolipoprotein-
epsilon 4 in patients with Alzheimer's disease. Neurology, 45(3 Pt 1), 555-557.

Meier, U., Grawe, A., & Konig, A. (2005). The importance of major extracranial injuries by the
decompressive craniectomy in severe head injuries. Acta Neurochir Suppl, 95, 55-57.

Meier, U., Lemcke, J., Reyer, T., & Grawe, A. (2006). Decompressive craniectomy for severe
head injury in patients with major extracranial injuries. Acta Neurochir Suppl, 96, 373-
376.

Mitra, B., Cameron, P. A., Gabbe, B. J., Rosenfeld, J. V., & Kavar, B. (2008). MANAGEMENT AND
HOSPITAL OUTCOME OF THE SEVERELY HEAD INJURED ELDERLY PATIENT. ANZ Journal of
Surgery, 78(7), 588-592.

Mohindra, S., Mukherjee, K. K., Gupta, R., & Chhabra, R. (2008). Continuation of poor surgical
outcome after elderly brain injury. Surg Neurol, 69(5), 474-477.

Mortimer, J. A., van Duijn, C. M., Chandra, V., Fratiglioni, L., Graves, A. B., Heyman, A., Jorm, A.
F., Kokmen, E., Kondo, K., Rocca, W. A., & et al. (1991). Head trauma as a risk factor for
Alzheimer's disease: a collaborative re-analysis of case-control studies. EURODEM Risk
Factors Research Group. Int J Epidemiol, 20 Suppl 2, S28-35.

Mosenthal, A. C., Lavery, R. F., Addis, M., Kaul, S., Ross, S., Marburger, R., Deitch, E. A., &
Livingston, D. H. (2002). Isolated traumatic brain injury: age is an independent predictor
of mortality and early outcome. J Trauma, 52(5), 907-911.

Nicoll, J. A., Roberts, G. W., & Graham, D. I. (1996). Amyloid beta-protein, APOE genotype and
head injury. Ann N Y Acad Sci, 777, 271-275.

Oddy, M., Humphrey, M., & Uttley, D. (1978). Subjective impairment and social recovery after
closed head injury. J Neurol Neurosurg Psychiatry, 41(7), 611-616.

Okazaki, T., Hifumi, T., Kawakita, K., Nakashima, R., Matsumoto, A., Shishido, H., Ogawa, D.,
Okauchi, M., Shindo, A., Kawanishi, M., Tamiya, T., & Kuroda, Y. (2016). Association
Between Comorbidities, Nutritional Status, and Anticlotting Drugs and Neurologic
Outcomes in Geriatric Patients with Traumatic Brain Injury. World neurosurgery, 93,
336-340.

Patel, H. C., Bouamra, O., Woodford, M., Yates, D. W., & Lecky, F. E. (2010). Clinical article:
mortality associated with severe head injury in the elderly. Acta Neurochir (Wien),
152(8), 1353-1357; discussion 1357.

Pennings, J. L., Bachulis, B. L., Simons, C. T., & Slazinski, T. (1993). Survival after severe brain
injury in the aged. Arch Surg, 128(7), 787-793; discussion 793-784.

20 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

Pentland, B., Jones, P. A., Roy, C. W., & Miller, J. D. (1986). Head injury in the elderly. Age
Ageing, 15(4), 193-202.

Plassman, B. L., Havlik, R. J., Steffens, D. C., Helms, M. J., Newman, T. N., Drosdick, D., Phillips,
C., Gau, B. A., Welsh-Bohmer, K. A, Burke, J. R., Guralnik, J. M., & Breitner, J. C. (2000).
Documented head injury in early adulthood and risk of Alzheimer's disease and other
dementias. Neurology, 55(8), 1158-1166.

Prevention, C. f. D. C. a. (2007). Rates of hospitalization related to traumatic brain injury - Nine
States. . MMWR Weekly, 56, 167-170.

Ramage-Morin, P. L. (2008). Motor vehicle accident deaths, 1979 to 2004. Health Rep, 19(3),
45-51.

Rao, G. S. (2007). Cerebral perfusion pressure based management of traumatic brain injury. .
The Internet Journal of Anesthesiology, 12(1), 11.

Ratcliff, G., Colantonio, A., Escobar, M., Chase, S., & Vernich, L. (2005). Long-term survival
following traumatic brain injury. Disabil Rehabil, 27(6), 305-314.

Reeder, K. P., Rosenthal, M., Lichtenberg, P., & Wood, D. (1996). Impact of Age on Functional
Outcome Following Traumatic Brain Injury. The Journal of Head Trauma Rehabilitation,
11(3), 22-31.

Ritchie, P. D., Cameron, P. A., Ugoni, A. M., & Kaye, A. H. (2000). A study of the functional
outcome and mortality in elderly patients with head injuries. J Clin Neurosci, 7(4), 301-
304.

Roberts, G. W., Gentleman, S. M., Lynch, A., & Graham, D. |. (1991). beta A4 amyloid protein
deposition in brain after head trauma. Lancet, 338(8780), 1422-1423.

Ross, A. M., Pitts, L. H., & Kobayashi, S. (1992). Prognosticators of outcome after major head
injury in the elderly. J Neurosci Nurs, 24(2), 88-93.

Rothweiler, B., Temkin, N. R., & Dikmen, S. S. (1998). Aging effect on psychosocial outcome in
traumatic brain injury. Arch Phys Med Rehabil, 79(8), 881-887.

Scherer, T.,, . (2000). Community reintegration. . In B. H. Woo & S. Nesathurai (Eds.), The
rehabilitation of people with traumatic brain injury. (pp. 1110-1113). Malden, MA
Blackwell Science

Schumacher, R., Muri, R. M., & Walder, B. (2017). Integrated Health Care Management of
Moderate to Severe TBI in Older Patients-A Narrative Review. Current Neurology and
Neuroscience Reports, 17(12), 92.

Selassie, A. W., McCarthy, M. L., Ferguson, P. L., Tian, J., & Langlois, J. A. (2005). Risk of
posthospitalization mortality among persons with traumatic brain injury, South Carolina
1999-2001. J Head Trauma Rehabil, 20(3), 257-269.

Services, U. D. 0. H. a. H. (1998). Rehabilitation of persons with traumatic brain injury. . National
Institutes of Health, 16(1), 1-41

Skoglund, T. S., & Nellgard, B. (2005). Long-time outcome after transient transtentorial
herniation in patients with traumatic brain injury. Acta Anaesthesiol Scand, 49(3), 337-
340.

21 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

Spaniolas, K., Cheng, J. D., Gestring, M. L., Sangosanya, A., Stassen, N. A., & Bankey, P. E. (2010).
Ground level falls are associated with significant mortality in elderly patients. J Trauma,
69(4), 821-825.

Starkstein, S. E., & Jorge, R. (2005). Dementia after traumatic brain injury. Int Psychogeriatr, 17
Suppl 1, S93-107.

Stroke., N. I. 0. N. D. a. (2002). Traumatic brain injury: Hope through research. . Maryland
National Institutes of Health. .

Susman, M., DiRusso, S. M., Sullivan, T., Risucci, D., Nealon, P., Cuff, S., Haider, A., & Benzil, D.
(2002). Traumatic brain injury in the elderly: increased mortality and worse functional
outcome at discharge despite lower injury severity. J Trauma, 53(2), 219-223; discussion
223-214.

Swan, G. E., Lessov-Schlaggar, C. N., Carmelli, D., Schellenberg, G. D., & La Rue, A. (2005).
Apolipoprotein E epsilon4 and change in cognitive functioning in community-dwelling
older adults. J Geriatr Psychiatry Neurol, 18(4), 196-201.

Teasdale, G. M., Nicoll, J. A., Murray, G., & Fiddes, M. (1997). Association of apolipoprotein E
polymorphism with outcome after head injury. Lancet, 350(9084), 1069-1071.

Teno, J., Kiel, D. P., & Mor, V. (1990). Multiple stumbles: a risk factor for falls in community-
dwelling elderly. A prospective study. J Am Geriatr Soc, 38(12), 1321-1325.

Thompson, H. J., McCormick, W. C., & Kagan, S. H. (2006). Traumatic brain injury in older adults:
epidemiology, outcomes, and future implications. J Am Geriatr Soc, 54(10), 1590-1595.

Thompson, H. J., Rivara, F. P., Jurkovich, G. J., Wang, J., Nathens, A. B., & MacKenzie, E. J.
(2008). Evaluation of the effect of intensity of care on mortality after traumatic brain
injury. Crit Care Med, 36(1), 282-290.

Tieves, K. S., Yang, H., & Layde, P. M. (2005). The epidemiology of traumatic brain injury in
Wisconsin, 2001. Wmj, 104(2), 22-25, 54.

Tokutomi, T., Miyagi, T., Ogawa, T., Ono, J., Kawamata, T., Sakamoto, T., Shigemori, M., &
Nakamura, N. (2008). Age-associated increases in poor outcomes after traumatic brain
injury: a report from the Japan Neurotrauma Data Bank. J Neurotrauma, 25(12), 1407-
1414.

Ucar, T., Akyuz, M., Kazan, S., & Tuncer, R. (2005). Role of decompressive surgery in the
management of severe head injuries: prognostic factors and patient selection. J
Neurotrauma, 22(11), 1311-1318.

Uomoto, J. M. (2008). Older adults and neuropsychological rehabilitation following acquired
brain injury. NeuroRehabilitation, 23(5), 415-424.

Utomo, W. K., Gabbe, B. J., Simpson, P. M., & Cameron, P. A. (2009). Predictors of in-hospital
mortality and 6-month functional outcomes in older adults after moderate to severe
traumatic brain injury. Injury, 40(9), 973-977.

van Duijn, C. M., Tanja, T. A,, Haaxma, R., Schulte, W., Saan, R. J., Lameris, A. J., Antonides-
Hendriks, G., & Hofman, A. (1992). Head trauma and the risk of Alzheimer's disease. Am
J Epidemiol, 135(7), 775-782.

22 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

Evidence-Based Review of Moderate to Severe Acquired Brain Injury | 2018

Vollmer, D. G., Torner, J. C., Jane, J. A., Sadovnic, B., Charlebois, D., Eisenberg, H., Foulkes, M.,
Marmarou, A., & Marshall, L. F. (1991). Age and outcome following traumatic coma: why
do older patients fare worse? . J Neurosurg, 75(1s), s37-s39.

Whelan-Goodinson, R., Ponsford, J. L., Schonberger, M., & Johnston, L. (2010). Predictors of
Psychiatric Disorders Following Traumatic Brain Injury. The Journal of Head Trauma
Rehabilitation, 25(5), 320-329.

Yang, Y., Mackey, D. C,, Liu-Ambrose, T., Leung, P. M., Feldman, F., & Robinovitch, S. N. (2017).
Clinical Risk Factors for Head Impact During Falls in Older Adults: A Prospective Cohort
Study in Long-Term Care. J Head Trauma Rehabil, 32(3), 168-177.

Zietlow, S. P., Capizzi, P. J., Bannon, M. P., & Farnell, M. B. (1994). Multisystem geriatric trauma.
J Trauma, 37(6), 985-988.

Zygun, D. A., Laupland, K. B., Hader, W. J., Kortbeek, J. B., Findlay, C., Doig, C. J., & Hameed, S.
M. (2005). Severe traumatic brain injury in a large Canadian health region. Can J Neurol
Sci, 32(1), 87-92.

23 Module 18- Traumatic Brain Injury and Older Age-V12
http://www.abiebr.com Updated September 2018


http://www.abiebr.com/

