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KEY POINTS

� The volume of geriatric trauma patients is expected to increase significantly in coming
years.

� Recognition of severe injuries may be delayed because they are less likely to mount
classic symptoms of hemodynamic instability.

� Anesthetic medications and opiates will require reductions in doses for elderly patients.

� Monitoring pulse pressure and systolic pressure variations can provide an accurate
assessment of volume status in mechanically ventilated patients.

� Regional anesthesia for hip fractures may offer better patient outcomes than general
anesthesia.
INTRODUCTION

Geriatric patients comprise a rapidly expanding age segment of the population of devel-
oped countries. It is the fastest growing population segment in the United States. Indi-
viduals older than 65 years of age currently represent 13% of the US population, but
the US Census Bureau projects that by 2050, they will represent more than 21%.1 Acci-
dental injurywas the fifthmost frequent cause ofmortality among the elderly in 2009 and
2010,2 andutilization of traumacare services is expected to increase significantly among
older age groups. It is projected that geriatric patients will account for almost 39% of
trauma admissions by 2050.3 Our understanding of best practices in geriatric trauma
and anesthesia care continues to expand, as it does in all other areas of medicine.

DEFINITIONS OF AGING

Aging is a progressive process depicted as maintenance of life with a diminishing
capability for adjustment.4 Senescence results in a progressive decline in cellular
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function, resulting in a loss of organ performance. Cells lose their capacity to respond
to injury and eventually die. Senescence is associated with impaired adaptive and
homeostatic mechanisms, resulting in an increased susceptibility to the effects of
stress. Function may seem to be unchanged, yet physiologic reserve diminishes.
Any disruption of homeostasis that is well tolerated by younger adults might precipi-
tate functional decline in the elderly population. The situation is further compounded
by variable response to medications and comorbidity.
A standard age-based definition for the term “geriatric” does not exist. Most

researchers have used the breakpoint of 65 years of age and more, perhaps some-
what arbitrarily. Geriatric trauma has historical roots in the establishment of the social
security system in the United States. Using a strict age-based criterion is also difficult
because it is generally believed that aging adults will be entering their “geriatric” years
in better health that they did in preceding generations and that preinjury function may
significantly influence recovery from injury.
PHYSIOLOGIC CHANGES IN THE ELDERLY POPULATION

As a result of the aging process, there is a wide set of physiologic changes each of
which result in a decreased ability to maintain homeostasis during stress.
Between the ages of 20 and 80 years there is a progressive decline in cardiac func-

tion, estimated to be as great as 50%. The progressive stiffening of the arterial tree
and resultant adaptations of the aging myocardium can result in ventricular hyper-
trophy as shown in Fig. 1. This impaired cardiac function, paired with decreased
sensitivity to catecholamines, complicates the management of the hemodynamically
compromised older patient.
Above the age of 50 years, renal mass is lost, with a corresponding fall in glomerular

filtration rate.5,6 Renal tubular function is also compromised. These changes decrease
the ability of the elderly to cope with large volume resuscitation.
Respiratory function is also compromised in the elderly population. There is an

observed loss of lung elastic recoil and significant reduction of the vital capacity.
Moreover, there is impaired mucociliary clearance of bacteria, dependence on dia-
phragmatic breathing, and reduced ability to cough.7 There is a disruption of the
normal matching of ventilation and perfusion. Forced expiratory volume in 1 second,
forced vital capacity, and peak expiratory flow rate are decreased.8 Such changes in
diffusion capacity, ventilation-perfusion mismatch,9 and closing volumes mean that
there is a decrease in baseline arterial oxygen tension with age.10 Alterations in
compliance result in an increased work of breathing.11 The combination of these
factors means that there is an increased risk of respiratory failure in the elderly patient,
resulting in a higher incidence of mechanical ventilation,12 acute lung injury, and
ventilation-associated pneumonia as a consequence of longer intensive care unit
stay and high morbidity.
There are age-related changes of endocrine function. The tissue responsiveness to

thyroxin and its production is reduced with aging.13 Secretion of cortisol does not
seem to change with aging.14
FUNCTIONAL RESERVE

When an organism maintains a steady state in the face of increased physiologic
demand, it is said to demonstrate a good functional reserve. Fig. 2 illustrates this
divergence between “baseline” and “stress” situations. Imbalance within the system
therefore results in a breakdown of homeostatic compensation. A decline in functional



Fig. 1. Loss of elasticity in the arterial tree is thought to be responsible for increasing left ventricular (LV) afterload. The resulting ventricular hyper-
trophy may lead to diastolic dysfunction. (Reprinted from Lakatta EG, Sollott SJ. Perspectives on mammalian cardiovascular aging: humans to mole-
cules. Comp Biochem Physiol A Mol Integr Physiol 2002;132(4):699–721. Elsevier, with permission.)
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Fig. 2. The functional reserve is the difference between basal function (solid line) and
maximal function (broken line). Even in healthy individuals, this functional reserve is
reduced. (From Muravchick S. Geroanesthesia: principles for management of the elderly
patient. St Louis (MO): Mosby 1997; with permission.)
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reserve may in the elderly patient precipitate a serious decline in performance when
the elderly patient is exposed to stress and increases the risk of age-related disease.
Because of decreasing functional reserve, the older patient is less able to preserve

homeostasis in face of such a physical insult.15 Fortunately, this functional decline
does not occur in all individuals at the same pace. A significant amount of variability
occurs. This unevenness is rooted within lifestyle choices, environmental factors,
genetics, and the presence of age-related disease. Older trauma victims do not cope
as well as younger adults.16,17 After injury, elderly patients are more likely to arrive in
the emergency department in hypotensive shock and to be hypothermic, 2 factors
that portend worse outcomes at any age. Decreased functional reserve contributes
to the higher percentage of the geriatric trauma victims that appear in the early trauma
mortality statistics. It affects infection-related deaths and multiple organ dysfunction
syndromes. Diminished reserve, manifested as comorbid disease states, seems to
have a negative predictive value for outcome.18 However, when aggressive treatment
is initiated, the outcome difference between younger and older adult decreases.19

PREINJURY MEDICAL CONDITIONS AND THERAPIES

As the risk of cardiovascular disease increases with age, so does the prevalence of
b-blockade and oral anticoagulation therapies. These therapies may have direct
impact on evaluation and early management of traumatically injured patients. A retro-
spective study across ten years at one Level I trauma center demonstrated that
preinjury b-blocker therapy was associated with an odds ratio for mortality of 2.1
when head injuries were excluded. b-Blocker therapy was also positively associated
with the incidence of other coexisting diseases like diabetes, hypertension, renal
failure, and dyslipidemia.20 Recognition of injury severity and appropriate resuscitation
may be delayed if the classic symptom of tachycardia is blunted.
Head-injured patients on preinjury warfarin therapy have demonstrated significantly

worse outcomes in multiple studies; the risk of mortality is more than doubled.21,22

MECHANISMS OF INJURY

Elderly patients are victim to many of the same injury mechanisms as their younger
counterparts (Table 1). Low-energy falls remain the most common mechanism for



Table 1
Leading causes of injuries for persons older than 65 years of age in the United States in 2009

Rank Nonfatal Injuries Fatal Injuries

1 Fall Fall

2 Struck by/against object Motor vehicle traffic

3 Overexertion Suicide firearm

4 Motor vehicle occupant Unintentional unspecified

5 Cut/penetrating injury Unintentional suffocation

Data from Centers for Disease Control and Prevention National Center for Injury Prevention and
Control. Available at: http://www.cdc.gov/injury/wisqars/LeadingCauses.html. Accessed August
29, 2012.
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traumatic injury in the elderly.23,24 Various factors predispose elderly persons to falls,
such as unsteady gait, orthostatic hypotension, and slow reaction time.25 Falls can
lead to significant injuries,26 even if from standing height. It has been estimated that
falls can account for more than 50% of eventual trauma-related deaths.27 Minor
mechanisms of injury may lead to severe injury with much greater frequency as age
increases from 55 years,28 and the death rate is especially high in octogenarians.29

Traffic accidents involving drivers or pedestrians are also leading causes of injuries
in the elderly population.23 Underlying diseases, decreased hearing or vision, muscle
weakness, and reduced reaction times30 are contributing factors.31

Thermal injuries occur more frequently in the elderly population. This increased risk
could be attributable to a reduced sense of smell, impaired hearing or vision, or
reduced mobility and reaction time. These injuries are inclined to be more serious in
terms of surface area and depth.32 The propensity to more severe thermal injury
may be attributable to age-related alterations in skin morphology and diminished
visual, olfactory, and auditory senses.
Elder mistreatment should be considered when evaluating the injured older patient.

Investigations suggest that excess of 2% of elders are abused or neglected.33,34

INITIAL PREHOSPITAL EVALUATION: TRIAGE AND TREATMENT

Limited physiologic reserve means that the prognosis of the elderly injured patient is
much better when the patient is rapidly transported to a trauma center.35,36 Patient
outcomes may be improved when care is provided by higher-volume trauma centers
with broader experience in care of the elderly.3 One Level II trauma center demon-
strated improved patient outcomes with regard to infections, respiratory failure, and
overall survival by creating a designated trauma care team for the elderly.37 Despite
this observation, there is a continuing phenomenon of under-triaging the elderly to
trauma centers. One review of a statewide trauma network showed that the elderly
were significantly less likely to receive trauma team activation when compared to
younger patients with similar injuries. The under-triaged elderly patients were found
to have 4 times the risk of mortality and disability compared to their younger
counterparts.38

INJURY ASSESSMENT AND RESUSCITATION
Airway and Breathing

In conscious patients, initial airway assessment can begin by asking questions as
simple as “What is your name?” A clear, appropriate response indicates that the

http://www.cdc.gov/injury/wisqars/LeadingCauses.html
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airway is patent and that the brain is adequately perfused. Unconscious or obtunded
patients require further attention.
Laryngeal reflexes may be diminished or absent. Because of a widespread loss of all

muscular and neural elements, laryngeal structures undergo a gradual deterioration in
function. Older patients may also exhibit a decrease in protective airway reflexes.39

Edentulous patients may suffer from oropharyngeal obstruction when maintained in
a mandatory supine position. In addition, the airway can be physically obstructed as
a result of direct injury, edema, or foreign bodies. There is increased concern for
cervical spine injuries in elderly patients suffering from blunt mechanism of injury.
Fractures of the first and second cervical vertebrae are more common in geriatric
patients.40

Pulmonary contusion is one of themost commonblunt thoracic injuries. Rib fractures
are expected to occur with greater frequency than in younger patients. Noninvasive
ventilation via a continuous positive airway pressure mask has been described in the
literature for the management of hypoxemia caused by lung contusion and for other
medical conditions.26 This effect may serve as a pathophysiology-directed therapy
for hypoxemic patients who have blunt chest injury in whom endotracheal intubation
is not required. The use of thoracic epidural analgesia has not been consistently shown
to influence the rates of pulmonary complications but provides analgesia that is supe-
rior to other modes. It should be considered early in the pain management plan.
Orotracheal intubation under anesthesia with planned neuromuscular blockade and

manual in-line stabilization remains the safest and most effective method for airway
control in the severely injured patient.41 Confirmation of intubation should be estab-
lished with capnography or capnometry, and continuous pulse oximetry should be
used. Recommendations concerning the doses of medications used to facilitate intu-
bation are shown in Table 2. In the older adult, the doses of many of the sedative
agents used to facilitate intubation may have to be further altered. Their pharmacoki-
netics could be altered due to the trauma42 or to physiologic changes associated with
aging.10,43,44

To avoid hypotension in the elderly trauma patient, the doses of the etomidate,45

barbiturates,46 and benzodiazepines47,48 should be reduced. For example, an
80-year-old trauma patient needs less than half the amount of etomidate to reach
the same electroencephalographic endpoint as a 22-year-old patient.45 This reduction
of blood pressure in the elderly patient is especially marked when the patient is hypo-
volemic. Ketamine is commonly used in the trauma scenario. In the geriatric patient,
this drug has a reduced clearance and is expected to have a longer duration of action.
The opioids have an increased activity or alterations in pharmacokinetics in the

elderly patient. A reduction in the dosage of morphine,49 alfentanil, fentanyl,50 and
remifentanil51 is recommended. The only exception to this rule is meperidine, for which
no changes in clearance rate or terminal elimination half-time value have been
Table 2
Dosage alteration for the anesthetic drugs used to facilitate intubation in the elderly patient

Class of Medication Change of Dose in the Elderly Patient

Sedatives Reduction of 50% of bolus dose

Depolarizing neuromuscular blocking agent
(succinylcholine)

No reduction in bolus dose

Nondepolarizing neuromuscular blocking agents No reduction in bolus dose

Opioids Reduction of 50% of bolus dose
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shown.52 However, because of its central nervous system–active toxic metabolite,
normeperidine, its use is not advocated in elderly patients.
In the geriatric population, a reduction in physical activity theoretically should result

in a reduction in sensitivity because of up-regulation to neuromuscular blockers. In
contrast, augmented exercise increases sensitivity to neuromuscular blocking drugs
receptors.53 Clinical doses of neuromuscular blockers are usually unchanged.54

Circulation

Significant reductions in coronary blood flow can occur in the absence of known coro-
nary artery disease.55 The aging myocardium is also less able to respond to circulating
catecholamines.41 Therefore, the geriatric patient may not develop tachycardia in the
presence of hypovolemia. Elderly patients may also be taking medications such as
b-blockers that alter their heart rate response. Often, geriatric patients have hyperten-
sion; therefore, a normal or borderline blood pressure should be treated with a degree
of suspicion.
In recent years, it has been suggested that the minimum acceptable systolic blood

pressure (SBP) during initial evaluation of geriatric patients should be significantly
higher than the acceptable limits for younger adults. Similarly, a lower threshold for
the definition for tachycardia may be warranted. Advanced Trauma Life Support
guidelines from the American College of Surgeons classify severe hemorrhage (Class
3 or 4) when the SBP is less than 90 mm Hg and heart rate is greater than 120 bpm. It
has been suggested that these thresholds may not reliably indicate severe hemor-
rhage in the elderly. Investigators have suggested hypotension be defined as SBP
less than 100 to 110 mm Hg and tachycardia greater than 90 bpm.56,57 Along those
lines, it has also been proposed that the definition of hypotension continues to change
with age, with 120 mm Hg for ages 50 to 69 years and 140 mm Hg for ages 70 years
and greater as cutoff points for minimum acceptable SBPs.58 Severely elevated SBP
in younger patients without significant head injuries has been associated with worse
outcomes, but this trend does not seem to hold in the geriatric population. Elevations
in SBP have actually been associated with improved outcomes in the elderly.59

Despite these findings, there is still an insufficient amount of data to warrant changes
to existing evaluation criteria from specialty organizations.
Given the challenges of interpreting vital signs, it is important to measure other

markers of perfusion as early as possible. Lactic acid levels and base deficit calcula-
tions are particularly useful. One center reported that 42% of its elderly trauma admis-
sions were found to have significant alteration of lactate levels or base deficits, despite
“normal” vital signs.57 In patients who are “normotensive” by standard definitions,
elevated serum lactate levels are associated with increasedmortality. One investigator
showed that lactate levels in excess of 4 mmol/L resulted in a mortality rate near 40%
for patients older than 65 years of age. The mortality rate for younger patients with
similar lactate levels was 12%. Base deficits greater than 6 were associated with
similar outcomes.60

The elderly trauma victim as compared with their younger counterpart may be less
able to compensate for changing oxygen demands by increasing cardiac output. It
has been proposed that oxygen carrying capacity of blood should be optimized by
maintaining adequate hemoglobin levels at all times.16

Monitoring

Early invasive monitoring with hemodynamic optimization has been associated with
improved survival in the geriatric trauma patient.55 Primarily based on these findings,
the Eastern Association for the Surgery of Trauma (EAST) 2001 guidelines for
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resuscitation state that any severely injured geriatric patient should undergo invasive
monitoring.61 This study has not been duplicated and the topic has not been reviewed
in more recent guideline updates from EAST, and the extent to which routine invasive
monitoring is applied in geriatric trauma patients is not known.
In recent years, there has been a renewed focus on measurement of dynamic

parameters of hemodynamics including pulse pressure variation (PPV), systolic pres-
sure variation (SPV), and stroke volume variation (SVV) as indicators of fluid respon-
siveness in mechanically ventilated patients. Although SVV will require additional
equipment that may not be available in many hospitals, SPV and PPV can be followed
via arterial blood pressure catheters alone. There are no prospective trials focused on
the geriatric population in trauma. However, meta-analysis of available literature from
1998 to 2008 demonstrated that the accuracy of these variables is significantly better
at determining volume responsiveness in the critically ill than central venous pressure
or indices of the left ventricular end-diastolic area and global end-diastolic volume.
Among the 3, PPV was shown to have the greatest accuracy.62
COMMON SPECIFIC INJURIES OF THE ELDERLY
Hip Fractures

Osteoporosis and tendency to fall increase the incidence of hip fractures, which is the
most common cause of traumatic injury in geriatric patients, mainly in women. Hip
fracture can occur as part of a multitrauma or as an isolated injury. Hip fracture in mul-
titrauma is associated with other bone and soft-tissue injuries, intra-abdominal and
intrapelvic injuries, major blood loss, head and neck injuries, and other extremity
injuries. Overall, an inability to return to a preinjury level of mobility results in precipi-
tous functional decline, a loss of independence, quality-of-life reduction, and depres-
sion in older persons. There are data to suggest that outcome in these patients is
superior when they are managed by a specialized multidisciplinary team.63

The timing of hip surgery in the elderly may play a significant role in morbidity and
mortality. Numerous small studies have produced mixed findings, but larger analyses
have provided some clarification. This finding was demonstrated in a 2008 meta-
analysis that reported both an increased 30-day and 1-year mortality (odds ratio
1.41 and 1.32, respectively) for delays greater than 48 hours.64 Looking more closely,
the investigators commented that early surgery was probably of greatest benefit to
younger patients and those with a low baseline risk of mortality in one year. Patients
with higher baseline risk did not necessarily receive benefit from earlier surgery. A
more recent prospective cohort study of patients found that mortality was not
increased by delays up to 120 hours, when adjusted for severity of comorbid
disease.65 Decisions about timing should therefore be made with regard to a patient’s
baseline risk and comorbidities. In patients without significant comorbid conditions,
there is a definite benefit to early operation within the first 24 to 48 hours after injury.
Although there is evidence that patients with uncontrolled comorbid conditions may
not fare worse after up to 5 days of delay, efforts should be directed at timely optimi-
zation to allow the earliest possible surgical correction of the hip fracture.
Early ambulation and daily physical therapy after hip fracture surgery should be

encouraged. Delayed ambulation after hip fracture surgery is related to the develop-
ment of new-onset delirium, postoperative pneumonia, and increased length of
hospital stay.66

The best choice of anesthetic technique for hip fracture surgery has been debated
for quite some time, with small studies resulting in mixed findings. The most recent,
and possibly best, study was a large retrospective analysis of hip fracture patients
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from 126 New York hospitals. This finding indicated that regional anesthesia was
associated with a 29% reduction in mortality and 25% reduction in pulmonary compli-
cations while in hospital.67 These data are similar to data that were published earlier in
the veteran population.68 Based on these findings, it is most likely appropriate to
choose regional techniques for hip fracture surgeries when feasible. There appears
to be no significant difference in postoperative cognitive functioning between the
2 techniques.69

Head Injuries

Head injuries of any severity have a worse prognosis in the geriatric population. The
risks of mortality and poor functional outcomes increase progressively with age.
Researchers have also consistently found that higher severity injuries, lower Glasgow
Coma Scale (GCS) scores on admission, preinjury anticoagulant therapies are all
associated with poor neurologic outcomes in this population. Increased vascular
vulnerability is characteristic of the aging brain. Subdural hematoma can result in
changes in mental status, headache, disturbances in ambulation, or nonfocal neuro-
logic findings.
One meta-analysis of 5600 severe head-injured patients treated in the late 1980s to

1990s demonstrated a risk of poor outcome that increased 40% to 50% per decade of
life. At that time, the 6-month mortality for those aged more than 65 years was around
72%.70 Outcomes have not necessarily improved over the years. In a more recent
report from one state trauma network, geriatric patients with moderate to severe brain
injury had an overall in-hospital mortality rate approaching 30%, and no patient with an
admission GCS score less than 9 had good outcomes; the mortality for that subgroup
was 80%.71

Even those patients with mild head injury are expected to fare worse than their
younger counterparts, as mortality rates are elevated72 and postdischarge function
is reduced. Although better outcomes were associated with increased use of specialty
consults and multidisciplinary care, it has also been reported that older patients tend
to receive lower-intensity care for their injuries.73

Anesthetic management for the head-injured older patient follows the same general
principles applied to younger patients. Etomidate hydrochloride and propofol are used
to induce anesthesia before intubation; no single agent has been shown to be supe-
rior. Each decreases the systemic response to intubation, blunts intracranial pressure
changes, and decreases the cerebral metabolic rate for oxygen.74

The ability of the aging brain to autoregulate blood flow may be similar to that of
younger patients under normal conditions.75 Autoregulation is often severely impaired
after head injury in any patient, but this impairment may be exaggerated in the old. It is
unclear if this is related purely to age or the presence of comorbid conditions.76 Main-
tenance of adequate cerebral perfusion pressure (CPP) should be a priority during
anesthetic care, but there is currently no recommendation to adjust CPP based on
age. Current recommendations indicate that CPP should be maintained at least
60 mm Hg. There is no evidence that artificially elevating it greater than 70 mm Hg
is beneficial.77
SUMMARY

Elderly patients represent the most rapidly expanding segment of our population, and
a significant portion will rely on trauma care services during their lives. The progressive
functional decline that occurs with normal aging, especially when chronic disease
states are superimposed, makes these patients more physiologically fragile. They
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are less capable of sustaining the stresses of traumatic injury and their injuries are
often much worse than those sustained by younger patients via similar mechanisms.
Geriatric patients have been shown to benefit from focused, intensive care and from
multidisciplinary teams with geriatric experience. Despite these facts, the geriatric
population in developed countries may be the least likely to be triaged into trauma
care systems that can best deal with their injuries.
Routinely administered anesthetic medications should be adjusted appropriately for

age, often being reduced by asmuch as half. Volume resuscitative therapies should be
directed to maintain cardiac output and oxygen carrying capacity, and a lower
threshold for conducting invasive cardiac monitoring is recommended. Normal-
appearing vital signs may not indicate occult hypoperfusion.
Hip fracturesareamongthemostcommon injuriessustainedbyelderlypatients.There

is reasonable evidence that the surgical repair of such fractures should be achieved as
soon as possible to minimize risks for mortality. The use of regional anesthesia for
suchcasesmaysignificantly reducemorbidity andmortality.Head injuriesofanyseverity
may place geriatric patients at increased risk of mortality, but there are currently no
geriatric-specific treatment recommendations that differ from usual adult guidelines.
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