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Foreword

The new and well-written textbook, Geriatric Trauma and Critical Care (edited by Jay Yelon
and Fred Luchette), is a timely and necessary addition to our current body of knowledge on
this topic. The existing medical landscape in the United States includes a population of 315
million people, 793,648 physicians, and over 6,000 hospitals for acute care and elective man-
agement. With the overall population expanding by 25 million each decade, along with a pro-
jected steady increase of Americans over 65 years of age, a crisis is developing with respect to
optimal healthcare for this very vulnerable and special population — the elderly.

Considering increased comorbidities and distinctly different physiologic responses/
reserves, the geriatric patients will continue to present an array of challenges for all aspects of
healthcare management. The highly accomplished specialists who have contributed to this
excellent textbook are to be commended for providing the reader with the physiological basis
for assessment and principles of management for this cohort of patients. The section and chap-
ter formats are well presented, with each organ-based topic being complete and comprehen-
sive. I, particularly, applaud the editors for including a separate section on the Impact of Aging
on Health.

Undoubtedly, this textbook will be recognized as a definitive work in the field for years to
come.

Norfolk, VA, USA L.D. Britt, MD, MPH, FACS
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Impact of Aging on Health



Changing Demographics
of the American Population

Stephanie Gordy and Donald Trunkey

Introduction

Geriatric citizens in the United States are the most rapidly
growing segment due to the aging baby boomer generation.
This generation will live longer than the preceding and will
have access to improved health care. Because these physically
active elderly will remain living independently and longer,
traumatic injuries can be expected to increase. In addition,
there are numerous physiologic alterations that occur with
aging, and special consideration should be given to the elderly
patient from a medical and surgical standpoint. Multiple
comorbidities may also be present in this population lending to
higher complications, longer hospital stays, and a higher case
fatality rate. Moreover, disposition barriers often exist and
include the need for short- and long-term rehabilitation. Finally,
traumatic injuries have the ability to change the patient’s inde-
pendent living status and increase the need for admission to
skilled nursing facilities. Complex end-of-life decisions and
discussions are often also required in this population. Trauma
and acute care surgeons should be knowledgeable about the
specific needs of the geriatric critically ill patient.

The Aging Population

The definition of elderly has not been definitively established in
the trauma literature, but the consensus is that it lies somewhere
between the ages of 45 and 75 years [1]. In 2010, the population
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over 65 years of age was 40.4 million. This represented 13.1 %
of the American population at that time. As the “baby boomer”
generation reaches the golden years, this demographic is
expected to show continued growth. The 15.3 % increase from
2000 to 2010 in the over 65 portion of the population was nearly
double the increase (8.7 %) for all ages younger than 65. It is
projected that by 2020 this number will increase by 36 % to 55
million. In 2010, the 65-74 age category was ten times larger
than in 1900 at 20.8 million. In contrast, the 75-84 demographic
was 17 times larger at 13.1 million. Moreover, the >85 group
was 45 times larger at 5.5 million. This reveals that the elderly
population itself is getting increasingly older even within itself.
By 2020, the >85 population is projected to increase from 5.5
million in 2010 to 6.6 million. Furthermore, the centenarian
(greater than 100) population is steadily increasing. In 2010,
53,364 persons were 100 years old or greater which is greater
than a 50 % increase from the 1990 values [2].

Since 1900, improvements and accessibility to healthcare
services in addition to improved life expectancy have allowed
the number of individuals over 65 years to more than triple.
This is not only due to the post-World War II baby boom but
to an increased life expectancy as well. A child born in 2009
can expect to live 78.2 years which is 30 years longer than the
life expectancy of a child born in 1900. The older population
will continue to increase due to maturation of the baby
boomer generation (Fig. 1.1). While the population growth
slowed in the Great Depression era, it will continue on the
upswing as those born between 1946 and 1964 get older. The
elderly population will have reached its peak by the year 2030
as the >65 population is expected to be 19.3 % of the entire
population. As this population increases, the number of
injured elderly is also likely to grow [1].

The Cost of Caring for the Elderly

As the elderly population increases, the need for healthcare
services and the cost of health care are expected to grow. The
elderly represented 40 % of all hospitalized adults in 2008 [3].

DOI 10.1007/978-1-4614-8501-8_1, © Springer Science+Business Media New York 2014
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Fig. 1.1 The administration on
aging
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Similarly, even though this population comprises only 13 % of
the population of the United States, nearly half of all health-
care dollars spent are on the elderly. Additionally, the popula-
tion over 85 years of age represents only 1.8 % of the total
population but accounts for 8 % of all hospital discharges.
Hospitalizations and healthcare spending for older adults are
expected to rise as the geriatric population grows [4].

More healthcare resources will be necessary to care for the
aging population which will pose an additional burden on an
already-strained system. This cost will not only be reflected in
dollars but in resource utilization including acute and long-
term care. In 2002, the elderly made up 13 % of the US popu-
lation, but they consumed 36 % of the total US personal
healthcare expenses. The average healthcare expense in 2002
was $11,089/year for elderly people but only $3,352/year for
those younger than 65 years [5]. Furthermore, older Americans
spend 13.2 % of their total expenditures on health, more than
twice the proportion spent by the younger citizens (6.6 %) [2].
The five most expensive illnesses include heart disease, can-
cer, trauma, mental disorders, and pulmonary conditions.
Heart disease and trauma ranked first and second as the two
costliest diseases in terms of total healthcare spending [6].

Thirty percent of total Medicare payments each year are
for 6 % of the beneficiaries who died that year. Payments for
the last 60 days of life constitute 52 % of the total dollars
spent annually by Medicare. Inpatient services consume
70.3 % of the Medicare budget of which the majority of the
funds are spent on critical care [7]. In summary, the sickest,
eldest patients with a high incidence of morbidity and mor-
tality consume the majority of the Medicare budget [8].

Effects of Aging on Organ Function

Understanding the medical physiology pertinent to this pop-
ulation is particularly important, because it affects the physi-
ologic reserve and compensatory mechanisms required to

respond to a traumatic injury, an acute illness, and major
operations. The elderly population has a high incidence of
comorbidities which can confound the physicians’ ability to
assess for injury. In injured geriatric patients, the incidence
of preexisting medical conditions is 66 %. Moreover, 81 %
of nonagenarians have medical comorbidities [9]. Nearly
every organ system is affected by changes due to aging. A
detailed discussion of this is beyond the scope of this chap-
ter, but a brief synopsis follows.

Traumatic brain injury (TBI) has a bimodal age distribu-
tion, with the first peak at 15-19 years and the second
appearing in those over 65 years of age. The most common
cause of TBI in older patients is falling from standing.
Despite this low-energy mechanism, the brain is more sus-
ceptible to injury due to the progressive volume loss and
atrophy that results in space for shear injury [10]. Elderly
patients with traumatic brain injuries have worse outcomes
when compared to similar injuries in the young [11].
Cardiovascular changes that occur in this population include
arterial atherosclerosis which can lead to an elevation in
baseline SVR. Disruption in coronary autoregulation from
scarring can result in ischemia. The typical tachycardia in
response to hypovolemia may also be blunted in these
patients due to medications. The increase in SVR may pro-
duce a falsely elevated blood pressure. If these patients are
chronically hypertensive, a normal SBP may be relatively
hypotensive for an individual patient and may result in end-
organ ischemia [12]. The effect of age on the pulmonary
system is impaired gas exchange due to a reduced alveolar
surface area [13]. Chest wall compliance is decreased and
may result in a blunted cough reflex leading to increased
risk for aspiration [14]. There is also a risk for renal failure
following trauma. The renal tubular function declines with
increasing age as indicated by a decrease in the glomerular
filtration rate (GFR). Chronic diuretic use may predispose to
electrolyte abnormalities and a contracted plasma vol-
ume. The collecting tubules may not concentrate or retain
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Fig. 1.2 Mechanism of injury 100 %
(Adams et al. [1])
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appropriate electrolytes and is at risk for acute kidney
injury/failure due to medications and/or ischemia [15].
Changes in the gastrointestinal system result in increased
reflux disease and dysphagia resulting in a higher risk for
aspiration in the elderly. Aging causes a slower transit time
and colonic disturbances ranging from constipation to diar-
rhea. The musculoskeletal system is also affected. Lean
body mass decreases at a rate of 10 % per decade after the
age of 50. The reduction in the number and size of myocytes
results in progressive weakness with increasing age. This
loss of muscle mass combined with osteoporosis leads to an
increase risk of fall-related fractures. Hip fractures are a
common injury in the elderly and result in an eightfold
increase in all-cause mortality within 3 months after the fall
[16]. The endocrine and immune systems are also affected
by aging. Extensive hormonal changes occur and thermo-
regulation may be impaired. Elderly patients are also more
susceptible to infections and concomitantly are less able to
mount a normal immune response. Moreover, malnutrition
is common in the elderly requiring nutritional supplementa-
tion to prevent profound catabolism [17]. In summary, every
organ system is affected by aging and predisposed to injury,
infection, and disability. Medications for preexisting ill-
nesses may also complicate the physiologic response to
injury and resuscitation. It is paramount to take these
changes into consideration when caring for a geriatric
trauma patient.

The functional decline that occurs with aging can lead to
an increase in traumatic injuries due to changes in the ability
to do activities of daily living (ADLs). ADLs include bath-
ing, dressing, eating, and mobilization. They are important in
assessing an individual’s ability to function independently.
In noninstitutionalized Medicare recipients, 27 % had diffi-
culty in performing one or more ADLs. The ability to con-
duct ADLs is worse for institutionalized recipients, and 95 %
reported difficulties with one or more activity. Additionally,

25-34

35-44  45-54

Age in years

55-64 65-74 75-84 =85

74 % of those surveyed had difficulty with three or more
activities. Limitations in ADLSs related to chronic conditions
increase with age and can predispose to traumatic injuries
[2]. An increase in the frequency of ground level falls in this
group can reflect a decline in the ability to perform daily
activities. This decline in their ability to perform ADLs sug-
gests that the elderly may become more prone to injuries
with advancing age.

Trauma in the Elderly

Trauma is the fifth most common cause of death in the
elderly. The mechanism of injury in this demographic is pri-
marily blunt forces, and falls are the most common mecha-
nism of injury in this group (Figs. 1.2 and 1.3) [1]. The
increase in life expectancy and independent living will lead
to an increase in elderly drivers. It is estimated that between
20 and 30 million licensed drivers are currently older than 65
[18]. This number is projected to increase to 50 million by
2030. This explosion in geriatric drivers will be associated
with an increase in motor vehicle collisions and/or pedestri-
ans struck and result in an increase in the mortality rate.

The geriatric trauma population poses a special challenge
to the trauma team. The mechanism of injury is different
than those seen in younger patients. Several studies have
reported an age-related increase in mortality rates for all
injury mechanisms and ISS scores (see Fig. 1.4) [19-21].

Multiple mechanisms that result in trauma exist in the
elderly population. Of those patients that fall, it is usually a
repeated occurrence and 71 % of falls result in an injury
requiring medical care [22]. Additional mechanisms of blunt
trauma include motor vehicle collisions, pedestrians struck,
and burn injuries. According to the NTDB, <5 % of deaths
are due to penetrating injuries in this age group [23]. Elderly
patients who sustain blunt chest trauma with rib fractures
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have a morbidity and mortality rate twice that compared to
those younger than 65. For each additional rib fracture in the
elderly, mortality increases by 19 % and the risk of pneumo-
nia by 27 % [24]. Moreover, when considering rib fracture
injuries, “elderly” has been shown to be as young as 45 and
older [25]. Clinical pathways that aggressively treat the pain
and attempt to prevent the respiratory complications have
shown to be successful [21].

Once an elderly person is injured, the trauma system is
not reliable in identifying those that are severely injured.
This is primarily a difficulty in triage of these patients.
Demetriades et al. found that 63 % of elderly patients that
were severely injured (ISS >15) and 25 % of those critically
injured did not meet the trauma center’s standard trauma
activation criteria. They concluded that patients older than

70 years should be considered for trauma team activation
based on age alone [26, 27]. The EAST guidelines recom-
mend that geriatric patients should be triaged to a trauma
center, but do not use age as an impetus to activate the
trauma team [28]. The state of Ohio has implemented a spe-
cific geriatric triage based on age [29]. Furthermore, once
the elderly are in the emergency department, they may not
be easily identified as in shock. Physiologic changes that
occur in the elderly may alter the typical physiologic signs
and manifestations of shock. Scalea et al. studied patients
older than 65 involved in motor vehicle collisions and found
their physiology allowed them to present with a higher than
expected systolic blood pressure (SBP) due to an elevated
systemic vascular resistance (SVR). Of those initially
deemed stable with a normal SBP at presentation, 43%were
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found to actually be in cardiogenic shock and 54 % of these
patients died [30]. Accordingly, base deficit may correlate
better with mortality in the elderly trauma population. In
those older than 55 years, a base deficit greater than ten was
associated with an 80 % mortality rate. In contrast, a base
deficit between three and five is equivalent to 23 % mortal-
ity [31]. Geriatric blunt trauma patients warrant increased
vigilance despite normal vital signs on presentation. It has
been suggested that criteria for the elderly include a heart
rate greater than 90 or a systolic blood pressure less
than110 mm [32].

Additionally, medications taken prior to admission can
confound the diagnosis of significant injury as well as the
resuscitation of these patients. Over 80 % of patients that fall
are on a drug that could have contributed to the fall including
antidepressants, antihypertensives, and sedatives [33]. Beta
blockers prescribed for hypertension can blunt the normal
tachycardic response to hemorrhage resulting in a false sense
of security that the patient is stable. Anticoagulants, includ-
ing warfarin, Plavix, and aspirin, can result in increased
bleeding. This can be especially detrimental when traumatic
brain injuries are present and expeditious reversal should
occur. Those that do present on these anticoagulation medi-
cations have a higher risk of death [34].

Furthermore, delirium may also add to the difficulty in
assessing this demographic of injured patients in the emer-
gency department. Delirium affects up to 10 % of elderly
patients in the emergency department and can confound
assessment of these patients. Delirium is often the first pre-
sentation of sepsis in the elderly and is unrecognized which
may lead to an increase in mortality [14]. As early sepsis can
result in falls and therefore traumatic injuries, sepsis screen-
ing in the emergency department should be implemented
early in these patients [35].

Once admitted to the hospital, geriatric patients pose a
unique challenge to the trauma service due to their abnormal
response to shock and injury. Bradburn et al. established a
geriatric protocol that significantly reduced mortality in
their patient population. The protocol included a geriatric
consultation, a lactate level, arterial blood gas, and echocar-
diogram [36]. An additional study by Lenartowicz et al.
showed that a proactive geriatric consultation resulted in
decreased delirium and discharges to long-term care facili-
ties [37].

In a large series of elderly patients, mortality was demon-
strated to correlate closely with ISS. It was also influenced
by blood and fluid requirements as well as the GCS score.
Regression analysis revealed that ISS predicted adult respi-
ratory distress syndrome, pneumonia, sepsis, and gastroin-
testinal complications; fluid transfusion predicted myocardial
infarction; and need for surgery and transfusion require-
ments predicted sepsis. These complications, in turn, were
significant risk factors for mortality [20].

Early Inpatient Rehabilitation

Weakness associated with impaired function is common-
place in the injured elderly. Admission to the intensive care
unit (ICU) often results in increased muscle weakness, and
the need for short- and long-term rehabilitation is frequent.
Implementing early physical therapy in the ICU can result in
increased strength as well as decreased length of ICU and
hospital stay. More importantly, preventing core muscle
wasting and preserving strength can reduce mortality [38].

Multiple hospitalizations increase in the last few months
of life, as does the use of intensive care services, suggesting
an increase in intensity of care. Other studies have also found
an increase in the aggressiveness of care at the end of life. On
the other hand, the sustained growth in hospice payments
indicates that palliative and supportive care services are
becoming utilized more as well. Some patients receive both
types of care, undergoing aggressive treatment for some time
and then entering a hospice program a short time before
death. The relationship between hospice utilization and other
services is unclear. Whereas hospice may substitute for more
aggressive care in some cases, it may be used in addition to
conventional care services in others [39].

Geriatric trauma patients have an overall higher mortality
rate from equivalent injuries when compared to younger
patients. Additionally, their likelihood of dying within
5 years after an injury increases significantly. Despite this
elevated mortality rate, a portion are able to go home and
resume a good quality of life. Of those that are discharged
from the hospital, 52 % are to home, 25 % are to skilled nurs-
ing facilities, and 20 % are to rehabilitation facilities. The
discharge process can be complex from a financial and emo-
tional standpoint as a traumatic event often results in addi-
tional care and loss of independence.

End-of-Life Issues

Advanced care directives and honoring a patient’s end-of-
life wishes are salient in the geriatric population. Laws
regarding these medical decisions arose to preserve a
patient’s autonomy in a critical care scenario. Patients often
fear prolonged suffering, emotional and financial burdens on
their families, and concerns about lack of control of their
end-of-life care [40]. Of 3,746 older adults (>60 years old),
42.5 % required end-of-life decision making. Of these
patients, 70.3 % lacked capacity. Patients with an advance
directive were significantly more likely to want limited or
comfort care and have their wishes honored [41].
Additionally, the elderly are more likely to have a do not
resuscitate (DNR) status at time of death. Increased rate of
DNR could be either a reflection of increased injury or poor
physiology and inability to tolerate resuscitation [28].



As the elderly portion of the population has increased, the
prehospital presence of advanced directive decisions has also
increased. In 1994, the SUPPORT study showed that only
21 % of seriously ill patients had an advanced directive,
while a 2010 study revealed that 67 % had an advanced
directive [42]. A retrospective study by Trunkey et al. evalu-
ated the decision-making process for those geriatric patients
that were at risk for death. This study revealed that the elderly
frequently have more concerns about long-term disability
rather than death. Notably, the families were initially reluc-
tant to discuss the topic of end-of-life care, but ultimately the
majority of end-of-life discussions centered on withdrawal
of therapies and establishing comfort care measures.
Moreover, surgeon input regarding the projected quality and
quantity of life was also instrumental when family members
were establishing goals of care [43].

The legal aspects of end-of-life care vary from state to
state. The POLST form was implemented in Oregon in 1991.
This advanced directive addresses four treatment options:
code status, transportation wishes, desire for antibiotic
administration, and tube feeding. This form is an easily iden-
tifiable bright pink form, and the data collected is entered into
a central database that can be easily accessed by EMTs and
emergency physicians in case of injury. Multiple studies have
evaluated this program’s effectiveness in preventing unwanted
treatments, hospitalization, and resuscitations. In a review of
nursing home patients, 91 % had DNR orders, which were
ultimately honored. Additionally in a survey of EMTs, 93 %
of them regarded the POLST form favorably, and greater than
half reported using the POLST to change a patient’s treat-
ment plan [44]. While this plan is more applicable to those in
nursing home facilities, it can aid in decision making when
the elderly are injured. Advanced care planning should be
addressed upon admission as soon as the patient or their sur-
rogate is present. It belies the trauma team to be proactive in
addressing these issues early, so the patient’s autonomy is
protected, and specific interventions are not performed.

As the post-World War II generation continues to age and
the geriatric population expands, our medical system must
likewise mature to provide optimal care for them. The cost of
health care will continue to increase and will place new
strains on an already-stressed system. As trauma is a major
cause of morbidity and mortality in the elderly, efforts to
improve all aspects of acute care should increase to match
the growing demands. A high index of suspicion is needed
when caring for these patients as they may not follow the
standard physiologic response when injured. Furthermore,
end-of-life discussions are paramount when caring for the
elderly, and if a prehospital advanced directive is not present,
the discussion should occur early with the patient or their
representative to discuss the goals of care. Expansion of geri-
atric-centered strategies to improve trauma prevention,

S. Gordy and D. Trunkey

triage, resuscitation, critical care, and rehabilitation in
the elderly is necessary to meet the needs of this rapidly
expanding, complex population.

References

1. Adams SD, Cotton BA, McGuire MF, et al. Unique pattern of
complications in elderly trauma patients at a Level I trauma center.
J Trauma Acute Care Surg. 2012;72(1):112-8.

2. Profile of older Americans. 2012. Available at: http://www.aoa.gov/
aoaroot/aging_statistics/Profile/index.aspx. Accessed 17 Nov 2012.

3. Wier LM, Levit K, Stranges E, et al. HCUP Facts and Figures:
Statistics on Hospital-based Care in the United States, 2008.
Rockville, MD: Agency for Healthcare Research and Quality,
2010. Available at: http://www.hcup-us.ahrq.gov/reports.jsp.

4. Squires DA. Healthcare Cost and Utilization Project (HCUP) statis-
tical briefs. Rockville: Agency for Health Care Policy and Research
(US); 2006.

5. Projections of future growth of the older population. 2010. Available
at: http://www.aoa.gov/aoaroot/aging_statistics/future_growth/future_
growth.aspx#age. Accessed 17 Nov 2012.

6. The high concentration of U.S. health care expenditures. 2006.
Available at: http://www.ahrq.gov/research/rial 9/expriach4.htm.
Accessed 17 Nov 2012.

7. Kane RL, Kane RL. Essentials of clinical geriatrics. New York:
McGraw-Hill Medical; 2009.

8. Lubitz JD, Riley GF. Trends in Medicare payments in the last year
of life. N Engl J Med. 1993;328(15):1092-6.

9. Bergeron E, Lavoie A, Clas D, et al. Elderly trauma patients with
rib fractures are at greater risk of death and pneumonia. J Trauma.
2003;54(3):478-85.

10. Thompson HJ, McCormick WC, Kagan SH. Traumatic brain
injury in older adults: epidemiology, outcomes, and future
implications. J] Am Geriatr Soc. 2006;54(10):1590-5.

11. Mosenthal AC, Livingston DH, Lavery RF, et al. The effect of age on
functional outcome in mild traumatic brain injury: 6-month report of
a prospective multicenter trial. J Trauma. 2004;56(5):1042-8.

12. Menon V, Greene T, Wang X, et al. C-reactive protein and albumin
as predictors of all-cause and cardiovascular mortality in chronic
kidney disease. Kidney Int. 2005;68(2):766-72.

13. Kulik AM, Kondrat’eva LN. Combined effects of hypoxia and
hypercapnia on the functional state of the respiratory center. Biull
Eksp Biol Med. 1975;79(4):39-43.

14. Han JH, Shintani A, Eden S, et al. Delirium in the emergency
department: an independent predictor of death within 6 months.
Ann Emerg Med. 2010;56(3):244-52.el.

15. Marik PE. Management of the critically ill geriatric patient. Crit
Care Med. 2006;34(9 Suppl):S176-82.

16. Haentjens P, Magaziner J, Colon-Emeric CS, et al. Meta-analysis:
excess mortality after hip fracture among older women and men.
Ann Intern Med. 2010;152(6):380-90.

17. Cahill NE, Dhaliwal R, Day AG, Jiang X, Heyland DK. Nutrition
therapy in the critical care setting: what is “best achievable”
practice? An international multicenter observational study. Crit
Care Med. 2010;38(2):395-401.

18. Hakamies-Blomqvist L, Wiklund M, Henriksson P. Predicting
older drivers’ accident involvement — Smeed’s law revisited. Accid
Anal Prev. 2005;37(4):675-80.

19. Richmond TS, Kauder D, Strumpf N, Meredith T. Characteristics
and outcomes of serious traumatic injury in older adults. ] Am
Geriatr Soc. 2002;50(2):215-22.

20. Tornetta 3rd P, Mostafavi H, Riina J, et al. Morbidity and mortality
in elderly trauma patients. J Trauma. 1999;46(4):702-6.


http://www.aoa.gov/aoaroot/aging_statistics/Profile/index.aspx
http://www.aoa.gov/aoaroot/aging_statistics/Profile/index.aspx
http://www.hcup-us.ahrq.gov/reports.jsp
http://www.aoa.gov/aoaroot/aging_statistics/future_growth/future_growth.aspx#age
http://www.aoa.gov/aoaroot/aging_statistics/future_growth/future_growth.aspx#age
http://www.ahrq.gov/research/ria19/expriach4.htm

Changing Demographics of the American Population

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Holcomb JB, McMullin NR, Kozar RA, Lygas MH, Moore FA.
Morbidity from rib fractures increases after age 45.J Am Coll Surg.
2003;196(4):549-55.

Aschkenasy MT, Rothenhaus TC. Trauma and falls in the elderly.
Emerg Med Clin North Am. 2006;24(2):413-32, vii.

American College of Surgeons: Trauma Programs: NTDB: NTDB®
Data Points. 2012. Available at: http://www.facs.org/trauma/ntdb/
datapoints.html. Accessed 17 Nov 2012.

Bulger EM, Arneson MA, Mock CN, Jurkovich GJ. Rib fractures in
the elderly. J Trauma. 2000;48(6):1040-6; discussion 1046-7.
Testerman GM. Adverse outcomes in younger rib fracture patients.
South Med J. 2006;99(4):335-9.

Demetriades D, Sava J, Alo K, et al. Old age as a criterion for trauma
team activation. J Trauma. 2001;51(4):754-6; discussion 756-7.
Goodmanson NW, Rosengart MR, Barnato AE, Sperry JL,
Peitzman AB, Marshall GT. Defining geriatric trauma: when does
age make a difference? Surgery. 2012;152(4):668-75.

Jacobs DG. Special considerations in geriatric injury. Curr Opin
Crit Care. 2003;9(6):535-9.

Werman HA, Erskine T, Caterino J, Riebe JF, Valasek T.
Development of statewide geriatric patients trauma triage criteria.
Prehosp Disaster Med. 2011;26(3):170-9.

Scalea TM, Simon HM, Duncan AO, et al. Geriatric blunt
multiple trauma: improved survival with early invasive monitoring.
J Trauma. 1990;30(2):129-34; discussion 134-6.

Martin JT, Alkhoury F, O’Connor JA, Kyriakides TC, Bonadies JA.
“Normal” vital signs belie occult hypoperfusion in geriatric trauma
patients. Am Surg. 2010;76(1):65-9.

Heffernan DS, Thakkar RK, Monaghan SF, et al. Normal presenting
vital signs are unreliable in geriatric blunt trauma victims. J Trauma.
2010;69(4):813-20.

Nordell E, Jarnlo GB, Jetsén C, Nordstrom L, Thorngren KG.
Accidental falls and related fractures in 65-74 year olds: a

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

retrospective study of 332 patients. Acta Orthop Scand. 2000;71(2):
175-9.

Ohm C, Mina A, Howells G, Bair H, Bendick P. Effects of
antiplatelet agents on outcomes for elderly patients with traumatic
intracranial hemorrhage. J Trauma. 2005;58(3):518-22.

Moore LJ, Turner KL, Todd SR, McKinley B, Moore FA. Computerized
clinical decision support improves mortality in intra abdominal
surgical sepsis. Am J Surg. 2010;200(6):839—43; discussion 843—4.
Bradburn E, Rogers FB, Krasne M, et al. High-risk geriatric
protocol: improving mortality in the elderly. J Trauma Acute Care
Surg. 2012;73(2):435-40.

Lenartowicz M, Parkovnick M, McFarlan A, et al. An evaluation of
a proactive geriatric trauma consultation service. Ann Surg.
2012;256(6):1098-101.

Morris PE, Goad A, Thompson C, et al. Early intensive care unit
mobility therapy in the treatment of acute respiratory failure. Crit
Care Med. 2008;36(8):2238-43.

Riley GF, Lubitz JD. Long-term trends in Medicare payments in the
last year of life. Health Serv Res. 2010;45(2):565-76.

Bok S. Personal directions for care at the end of life. N Engl J Med.
1976;295(7):367-9.

Silveira MJ, Kim SYH, Langa KM. Advance directives and
outcomes of surrogate decision making before death. N Engl J Med.
2010;362(13):1211-8.

Gordy S, Klein E. Advance directives in the trauma intensive care
unit: do they really matter? Int J Crit Illn Inj Sci. 2011;1(2):132-7.
Trunkey DD, Cahn RM, Lenfesty B, Mullins R. Management of
the geriatric trauma patient at risk of death: therapy withdrawal
decision making. Arch Surg. 2000;135(1):34-8.

Schmidt TA, Hickman SE, Tolle SW, Brooks HS. The Physician
Orders for Life-Sustaining Treatment program: Oregon emergency
medical technicians’ practical experiences and attitudes. J Am
Geriatr Soc. 2004;52(9):1430-4.


http://www.facs.org/trauma/ntdb/datapoints.html
http://www.facs.org/trauma/ntdb/datapoints.html

Cardiovascular Physiology

Jason P. Farrah, R. Shayn Martin, and Michael C. Chang

Introduction

Once thought to be predominately a disease of younger indi-
viduals, injury is now increasingly common in the geriatric
population. There are thus a larger proportion of patients with
a complicated array of medical comorbidities presenting to
hospitals following acute trauma. Cardiovascular disease is the
most prevalent and substantial comorbidity affecting posttrau-
matic outcomes in the elderly [1]. Recent epidemiological
studies demonstrate that although persons aged 75 and older
only account for roughly 6 % of the population, these individu-
als account for 30 % of all myocardial infarctions and 60 % of
all deaths related to myocardial infarction [2]. The discussion
that follows highlights the differences in anatomy and physiol-
ogy demonstrated by the aging heart and the importance of
these changes during the “stress” of exercise and illness.
Common cardiovascular disease states are addressed as well as
their impact in the setting of trauma and emergency care.

Left Ventricular Changes in Aging

Aging confers changes in cardiac function directly related to
incremental increases in the workload on the heart [1, 3, 4].
Left ventricular changes result from increased afterload as
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aging blood vessels stiffen and lead to increased systolic
blood pressure. Sustained increases in systolic pressure
result in increasingly larger degrees of stroke work (stroke
volume xblood pressure). This increased stroke work has
been implicated as the etiology of left ventricular (LV) wall
thickening in elderly patients [4]. Left ventricular hypertro-
phic remodeling is an accepted by-product to the aging pro-
cess [4], but it is not known if this is adaptive or not.

Studies utilizing M-mode echocardiography and gated
blood pool scans demonstrate that resting early diastolic fill-
ing rates decline with age [5]. However, this decrease in
early ventricular filling rate does not correlate with overall
end-diastolic volume reduction suggesting that atrial con-
traction (“‘atrial kick”) likely makes a greater contribution to
ventricular filling in the elderly patient [6]. In addition, early
studies from the 1960s and 1970s demonstrate decreases in
cardiac output in the elderly at rest. Unfortunately, these
studies did not differentiate between patients with or without
preexisting cardiac disease. Indeed, more recent studies
proved that resting cardiac output is preserved in the elderly
patient free of cardiac disease. These latter studies also dem-
onstrate that, in the absence of preexisting cardiac disease,
other indices of pump function (such as ejection fraction and
ejection velocity) are also preserved. It was therefore con-
cluded that modest hypertrophic changes in the left ventricu-
lar wall are adaptive in preserving cardiac function secondary
to increased workload due to systolic hypertension.
Furthermore, the aging left ventricle maintains cardiac out-
put through prolonged contraction, atrial enlargement, and
increased contribution to LV filling [5].

Recently, our understanding of elderly left ventricular
function has been challenged by studies utilizing cardiac MRI
technology. Cardiac MRI with tagging is the new standard for
assessing LV structural abnormalities and can assess function
in greater detail than echocardiography [7]. Recent work with
cardiac MRI has investigated LV structure and function in
large cohorts of ethnically diverse elderly individuals free of
baseline cardiac disease. The largest of these studies demon-
strated age-related decreases in absolute and indexed LV
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mass in both genders. In addition, there were increased mass
to volume ratios in the presence of decreases in left ventricu-
lar end-diastolic volumes (LVEDV). End-systolic volumes
(LVESV) also decreased slightly, generating a net decrease in
stroke volumes that correlated with increased age. Ejection
fractions were maintained or modestly elevated owing to
reductions in LVESV that were substantially less than the
decreases in LVEDV. Strain analyses demonstrated age-
related impairment of both systolic and diastolic strain which
was observed as decreased circumferential shortening during
systole (age-related impaired contractility) and decreased cir-
cumferential lengthening in diastole (age-related impaired
and relaxation). Finally, these data demonstrated that
increases in the mass to volume ratio of the left ventricle were
associated with a significantly increased risk of cardiovascu-
lar events independent of age [7].

Right Ventricular Changes in Aging

The heart is a single pump consisting of discrete cardiac
chambers in series; therefore, an understanding of both ven-
tricles is paramount to understanding global cardiovascular
function. Under normal circumstances, the right ventricle is
connected in series to the left ventricle and is therefore obli-
gated to pump the same effective stroke volume. In the
young, otherwise healthy, trauma patient, right ventricular
flow is presumably equivalent to left ventricular flow.
However, some authors have pointed out that in aged patients
the right heart function may not always parallel or reflect left
heart function. Estimates of left heart function from right
heart measured flow variables may be unreliable in persons
with right heart or pulmonary vasculature abnormalities.
Recent studies utilizing modern echocardiographic tech-
niques demonstrate that both systolic and diastolic right ven-
tricular function may be impaired with normal aging. The
tricuspid annular plane systolic excursion (TAPSE) is often
used as an estimate of the longitudinal contractile properties
of the right ventricle. Recent studies using M-mode
echocardiography in combination with Doppler technology
in healthy elderly volunteers have been able to elucidate
explanations for impaired systolic function in the right ven-
tricle. Using Doppler echocardiography and pulse tissue
Doppler technology, there is a significant age-related reduc-
tion in TAPSE in otherwise healthy subjects. This is con-
firmed by pulsed tissue-derived measurements of the right
ventricular systolic function and agrees with similar findings
of older studies demonstrating reduced systolic function by
echocardiographic criteria. Reduced right ventricular sys-
tolic function is secondary to a gradual age-related increase
in pulmonary arterial vascular resistance, clinically evident
by increased pulmonary artery systolic pressures in other-
wise healthy aged adults [3, 8, 9]. These pressures exert a
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deleterious effect on the longitudinal systolic function of the
heart. With less ability for longitudinal systolic contraction,
the aged right heart invests more contractile effort into inef-
ficient rotational motions as evidenced by recent studies uti-
lizing cine magnetic resonance imaging [10]. Inefficient
rotational motions and non-longitudinal muscular movement
of the right ventricle contribute to the observed age-related
decrease in systolic function of the right heart.

Age-related changes in the diastolic function of the right
heart have also been reported. Tissue Doppler-derived mea-
surements of flow velocities and time intervals are capable of
characterizing diastolic functional properties of the right
heart [11, 12]. Commonly used variables include right atrial
pressure (RAP), tricuspid inflow velocity (E), myocardial
early diastolic velocity (Ea), and atrial peak velocity (Aa)
[13]. In healthy volunteers, age is significantly correlated
with increases in Aa and decreases in Ea over time.
Additionally, there is a negative relationship between the Ea/
Aa ratio and increasing age, indicating less filling velocities
in the ventricle despite higher atrial velocities. These find-
ings have been reproduced in other studies utilizing pulsed
tissue Doppler to evaluate right-sided heart function [14].
This study is the first of its kind to report increases in RAP
with advancing age by demonstrating increases in the E/Ea
ratio (an index of RAP). Just as systolic functional decline is
attributed to increasing stiffness of the pulmonary vascula-
ture with aging, diastolic functional changes are attributed to
increased afterload [13].

Analysis of cardiac mass and function with cardiac MRI
has demonstrated age-related changes in the right ventricle
that parallel data from echocardiography and angiography.
For example, Sandstede and colleagues found age-associ-
ated decreases in end-systolic volumes, end-diastolic vol-
umes, and preserved right ventricular mass using cine
cardiac MRI [10].

Vascular System Changes in Aging

A predominant feature of the aging cardiovascular system is
increasing arterial stiffness with age. Patients with known
cardiovascular disease demonstrate proportionally higher
degrees of arterial stiffness and blood pressure increases;
likewise, healthy elderly adults also demonstrate an age-
associated increase in the relative stiffness of the central
arterial tree. In the young, oxygen and nutrient-rich blood is
transported through large, elastic vessels that, through cush-
ioning effect intrinsic to their structural compliances, trans-
form the pulsatile flow from the end aortic root to a steady
stream of blood flow in the peripheral system [15]. The
potential energy thus released during the cardiac cycle
stretches the elastin fibers in the arteries and accordingly
transmits this energy smoothly downstream to the muscular
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arterioles and capillary beds [15]. With aging, this elastin
becomes depleted and replaced with increased amounts of
non-distensible collagen and calcium [16]. This remodeling
process causes age-associated dilation and stiffening of the
arterial tree so that the once distensible, compliant vessels of
youth are now replaced by thick-walled and stiff vessels
affectionately compared to a “garden hose” [17, 18].

This pathophysiologic process is most clinically evident
in the so-called systolic hypertension syndrome seen in the
elderly patient. This syndrome is characterized by an age-
associated increase in systolic pressures with a lowering or
maintenance of the diastolic pressure level so that a widened
pulse pressure is readily observed [19]. Additionally, changes
in the vessel wall predispose to changes in blood flow, pro-
moting non-laminar and turbulent flow and thus increasing
tensile and shear forces on the vessel that further promotes
progressive arterial disease. Cardiac chamber performance is
altered in older patients to compensate for this arterial stiff-
ening, and as a result, blood velocity increases as a function
of increased age to overcome the increased afterload of the
stiffened central arterial tree [20-22].

The decrease in central arterial elasticity that occurs with
age is paralleled by increased pulse wave velocity. This
occurs in the forward and backward (reflected) direction.
Young patients, based on the intrinsic compliance of their
vessels, have pulse wave reflections that occur with diastole
that augment coronary perfusion and ameliorate tensile shear
forces of pulsatile blood flow [22]. Blood flow in aged, less
compliant vessels has enhanced shear due to turbulent flow
and does not augment diastolic filling of coronary vessels
that are already at risk due to atherosclerosis. A widened
pulse pressure is the clinical hallmark of stiffened aging cen-
tral arteries due to a cardiac impulse transmitted outward or
downstream with greater force, which thus makes reflected
waves return at end or peak systole [22]. This isolated sys-
tolic hypertension so often observed in the clinical setting is
not benign, and it further stands to reason that compromised
diastolic filling of aged coronary vessels (already at risk
given occult or overt coronary artery disease) will compro-
mise the ability of elderly patients to both generate and with-
stand the stress of injury.

Increased age is associated with a decreased ejection frac-
tion (EF) reserve (i.e., ability to increase EF during exercise)
[23, 24]. However, a recent study by Najjar and colleagues
has examined the impact of age on the relationship between
the heart and the vasculature (ventricular-arterial coupling)
by comparing the ratio of arterial elastance (Eal) to left ven-
tricular systolic elastance (ElvI) at rest and during exercise in
239 subjects ranging in age from 21 to 87 years of age. The
study subjects were comprised of 136 men and 103 women,
which were healthy, community-dwelling participants from
the Baltimore Longitudinal Study of Aging. This study
revealed that Eal/ElvI decreases less in older versus younger
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persons during exercise. Interestingly, men and women dem-
onstrate different mechanistic reasons for a decreased cou-
pling ratio. Compared to older men, women were able to
attain a higher Elvl. However, in women the Eal is directly
proportional to age, while there is no difference between
younger versus older men. The authors thus concluded that
normal aging is associated with less ability to attain and
maintain maximal cardiac efficacy due to reductions in the
reserve capacity as manifested by a lesser reduction in the
coupling index [25]. In women, this is likely due to an
increase in arterial elastance without an appropriate rise in
ventricular elastance, whereas in men left ventricular elas-
tance declines over time [25].

Age-Related Changes in Function
and Physiology (See Table 2.1)

Cardiac Output

It had previously been held that in elderly adults free of coro-
nary disease, there was no change in cardiac output or pump
function despite age-related increases in systolic blood pres-
sure and arterial stiffness [26]. This was thought to be due to
adaptations including moderate increase in LV thickness,
prolonged contraction times, atrial enlargement, and
increased atrial contributions to LV filling [26]. It was fur-
ther postulated that prolonged contraction during systole
maintained the load-bearing capacity of the heart in the face
of increased afterload that came with age-related increase in
arterial stiffness. Most of these data, however, came from
older technology such as M-mode echocardiography and
gated blood pool scans. More recently newer technology
such as cardiac MRI, 2-D ECHO, 3-D ECHO, and pulsed
tissue Doppler echocardiography demonstrates that these
previously held theories may not be as accurate as once
thought. Indeed contemporary authors have shown that
echocardiography is not as efficient as cardiac MRI in distin-
guishing between concentric remodeling and concentric
hypertrophy [27-29].

Newer studies utilizing cardiac MRI demonstrate that
left ventricular hypertrophy, once thought to be adaptive,
may be suboptimal. Although older myocytes do increase
in size, there is overall myocyte depletion (dropout) that is
associated with increased collagen deposition and nonen-
zymatic cross-linking [30-33]. The older ventricle, while
increasing in overall mass, does not increase in overall
functional mass, as demonstrated by cardiac MRI findings
that reveal increasing left ventricular mass to volume ratios
and associated declines in LVEDV in relation to left ven-
tricular mass. Additionally, although the EF is preserved,
absolute stroke volume is not [7]. Although LVEDV and
LVESV both decrease in age, the decrease in LVEDV is
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Table 2.1 Age-related changes in function and physiology

Physiologic consequence of aging
Decreased intrinsic heart rate, maximal heart
rate, and response to beta-adrenergic stimuli

Decreased baroreceptor sensitivity

Left ventricular hypertrophy

Left atrial dilatation
Right ventricular dilation

Increased left ventricular mass to volume ratio

Stiffening of the central arterial tree

Increased prevalence of occult or overt
cardiac disease and/or cardiomyopathies

Atypical presentation of MI

Clinical importance

Reliance on stroke volume increase and
ventricular filling to augment cardiac output
during stress

Blunted stress response to injury

Poor tolerance of hypovolemia

High rates of occult diastolic/lusitropic
dysfunction

Increased reliance on atrial contribution to
overall slowed ventricular filling

Poor tolerance of sustained tachycardia and
dysrhythmias

Predisposition for atrial fibrillation
Hypersensitivity to overaggressive fluid
administration

Preserved or increased ejection fraction with
overall decreased ventricular volumes and
contractility

Systolic hypertension syndrome with increased

pulse pressure, pulse wave velocity,
augmentation index

May reduce cardiac function during stress of
acute injury and illness

Increased sensitivity to myocardial ischemia
and acute coronary syndrome during periods
of increased demand

Higher rates of “silent” MI
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Impact on treatment and care

Utilize early aggressive fluid resuscitation for
optimization of ventricular filling-

Beta-adrenergic inotropes likely more useful
than vasoconstrictors; afterload augmentation
may be necessary

Tachycardia an unpredictable response to
hypovolemia

Maintenance of sinus rhythm and volume
repletion within a narrow range of utmost
importance.

Dysrhythmias must be rapidly diagnosed and
effectively treated

Preserved EF poorly predictive of preserved
overall cardiac function

Increased sensitivity of coronary perfusion to
low diastolic pressures

Maintain a high index of suspicion and
employ liberal use of diagnostic modalities
such as ECG, ECHO, and serial troponin
measurements — especially during
unexplained occurrence of sudden vital sign
derangement

proportionally greater than the decrease in LVESV, which
leads to an overall age-related decline in stroke volume [7].
The phenomenon of ventricular adaptation and decreased
function over time is not unique to the left ventricle.
Echocardiography with pulsed tissue Doppler technology
demonstrates that right ventricular systolic and diastolic
function is similarly affected by an age-related decline
[13]. It was previously held that elderly patients could
respond to injury nearly as well as their younger counter-
parts based on lack of change in overall cardiac function at
rest [26]. Recent findings of cardiac MRI and newer echo-
cardiographic modalities show this to be false; however, the
degree to which this affects the injured elderly patient has
yet to be determined.

Baroreflex Function in Aging

Gribben and colleagues were among the first to investigate
the effect of aging on baroreflex function in a study relating
pulse interval to change in systolic blood pressure after phen-
ylephrine injection. There is a linear relationship between

pulse interval and change in systolic blood pressure and a
distinct decrease in the baroreceptor reflex sensitivity in the
elderly. Shimada and colleagues found that an age-related
decline in baroreflex sensitivity is independent of systolic
blood pressure and systemic noradrenaline levels [34].
Similar findings of decreased baroreceptor reflex sensitivity
are found in a study of healthy volunteers examining cardiac
response to angiotensin II (ANG II) infusions. The elderly,
unlike their younger counterparts, do not exhibit decreases
in heart rate when blood pressure is increased via ANG II
infusion [35].

Beta-Adrenergic Response

Another inevitable consequence of normal aging is a
decreased responsiveness to beta-adrenergic stimuli. Age-
related decreases in maximal heart rate (HR max) are respon-
sible for decreases in aerobic work capacity [7, 36, 37]. This
decline is independent of gender, regular exercise, and other
factors [7, 36, 37]. This decrease in chronotropic responsive-
ness to exercise contributes largely to age-related reduction
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in maximal cardiac output and is key in determining aerobic
exercise capacity [37].

Although otherwise healthy, older adults exhibit
decreased chronotropic responsiveness (HRmax) to exer-
cise, the exact mechanism responsible has not been fully
elucidated [37]. The elderly have decreased chronotropic
and inotropic response to beta-adrenergic stimulation, and
this decreased responsiveness to sympathoadrenal stimula-
tion may explain the observed decrease in HRmax [37].
However, historical studies of B-adrenergic responsiveness
consist of poorly matched heterogeneous groups and have
inconsistent results. Additionally, differences in vagal tone
do not seem to contribute at all to differences in HRmax in
normoxic conditions. In fact, the elderly exhibit decreasing
vagal tone when compared to younger counterparts [38],
and incremental decreases in vagal tone accompany
increased workloads during exercise. The net sum of these
observations would theoretically increase the elderly
patient’s HRmax, not reduce it.

Insight into B-adrenergic responsiveness and resultant
decreases in HRmax can be drawn from recent work from
Christou and Seals. A 2008 study of a cohort of young and
elderly men examined the role of reduced intrinsic heart rate
(HRint) and decreased B-adrenergic responsiveness in age-
associated decreases in HRmax. Maximal heart rate was
tested during treadmill exercise to exhaustion. HRint was
measured at rest after complete ganglionic blockade, and
B-adrenergic responsiveness was likewise tested at rest via
exogenously administered isoproterenol after ganglionic
blockade. This study reveals that elder men are significantly
more likely to have higher serum levels of norepinephrine at
rest, lower HRmax, lower HRint, and decreased chrono-
tropic responsiveness. Both decreased HRint and decreased
B-adrenergic responsiveness are strongly related to decreased
HRmax; however, HRint shows a higher degree of correla-
tion (r=0.87 vs. r=0.61). These authors conclude that
decreased maximal heart rate observed with aging correlates
with reduced B-adrenergic responsiveness but is largely
explained by a lower intrinsic heart rate in healthy elderly
adults [37].

Decreases in HRint are thought to be clinical manifesta-
tions of occult sinoatrial node (SA node) dysfunction, pos-
sibly related to age-related myocardial fibrosis and collagen
deposition at the SA node [39]. However, SA node dysfunc-
tion does not always accompany remodeling and may in fact
indicate a molecular change in the pacemaker cells [39, 40].
Recent studies have shown reductions in calcium channel
proteins which may lead to decreased sinus node depolar-
ization reserve and thus suppression of action potential for-
mation and propagation [41]. Additionally, connexin [42], a
primary gap junction protein, is reduced in aged cells [42].
This reduction is hypothesized to restrict conduction of SA
node action potentials within the myocardium.
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Effects of Aging on Cardiovascular
Performance After Injury

Although there is very little information regarding the impact
of aging on the cardiovascular response to injurious stress,
much is known of the cardiovascular response to exercise.
Much of our understanding of the cardiovascular response to
injury is extrapolated from these data.

The cardiac output response in the elderly during exercise
is significantly reduced. However, subsequent studies
excluding patients with coronary artery and cardiac disease
show no significant age-related change in cardiac output dur-
ing exercise. Cardiac output modulation is affected by age.
Older patients cannot increase cardiac output with increases
in heart rate due to decreases in HRint and B-adrenergic
responsiveness. The elderly utilize the Frank-Starling mech-
anism and increase their end-diastolic volume and stroke
volume during exercise, thereby increasing cardiac output
without substantially increasing heart rate. The elderly do
augment their stroke volume during exercise; however, the
increase in ejection fraction is less than that observed in
younger counterparts secondary to a decreased ability to
reduce end-systolic volume. This is similar to what is seen in
young patients given exogenous beta-blockade and then
stressed with increasing exercise loads. In this scenario, the
young similarly increase cardiac output by increasing stroke
volume without appreciably increasing heart rate.
Interestingly, the elderly have increased plasma levels of epi-
nephrine and norepinephrine during exercise loading. This
finding further underscores the elderly patient’s lack of beta-
adrenergic responsiveness.

Severe injury often leads to profound states of hypovo-
lemia through blood loss and capillary leak. Critically ill
elderly patients are also susceptible to further intravascular
depletion from fever (free water loss), poor intake, phar-
macologic vasodilation (home medications), and decreased
plasma oncotic pressure (poor nutrition). Given the elderly
dependence on the Frank-Starling modulation of cardiac out-
put rather than chronotropy, the elderly patient is particularly
sensitive to preload reductions secondary to hypovolemia.
This is evident in work done by Shannon and colleagues
in which elderly patients mount a blood pressure increase
and slight HR increase similar to younger patients in tilt
test. However, when the same test is performed subsequent
to preload reduction with diuretics, elderly patients sustain
a symptomatic fall in blood pressure due to an inability to
mount a tachycardic response, whereas younger patients
exhibit a profound increase in both heart rate and blood
pressure [43].

Therefore, based on exercise data, elderly patients are
capable of maintaining cardiac output in response to the
stress of injury. This is not by heart rate augmentation but
rather by effecting stroke volume by increasing end-diastolic
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volumes and contractility. Research from the early 1980s
suggests that elderly patients were unable to mount a cardiac
output response to stress. However, subsequent studies of
carefully screened healthy elderly patients demonstrate an
absence of significant changes in age-related cardiac output
variables during exercise in the elderly [6, 62]. Newer tech-
nology including cardiac MRI pulsed tissue Doppler echo-
cardiography in 2D and 3D demonstrates that while elderly
patients can mount a cardiac output response to stress, this
may be much less in magnitude than their younger counter-
parts due to decreased cardiac reserve [13, 25, 44, 45].

In a study of critically ill trauma patients, Belzberg and
colleagues document age-related differences in cardiovascu-
lar response to injury [46]. In their 2007 study, they utilized
noninvasive primarily transcutaneous devices to collect
hemodynamic and oxygen transport variables on 625 con-
secutive trauma patients at the time of emergency depart-
ment (ED) admission. Of these, 259 were deemed “high
risk” and had pulmonary artery catheters placed for invasive
hemodynamic monitoring. Hemodynamic patterns for
elderly (>65) and non-elderly (<65) patients were analyzed.
Data were stratified by survivors and non-survivors and then
further divided by age (elderly vs. non-elderly survivors).
Elderly trauma patients had significantly lower CI, HR, arte-
rial oxyhemoglobin saturations (SpO,), hematocrit (Hct),
and oxygen delivery. Interestingly, while elderly survivors
have significantly lower values of these parameters than
young survivors, elderly and young non-survivors exhibit
very similar hemodynamic and oxygen transport values.
This study concludes that aggressive resuscitation titrated to
hemodynamic and oxygen transport variables may improve
outcomes and that the cardiac response to injury seen in
elderly patients is much less robust than that of their younger
counterparts [46]. It is obvious that elderly patients generate
increased cardiac performance in the face of the stress such
as surgery and injury; however, the magnitude of this
response is attenuated and less robust than that of younger
counterparts. It is unknown whether this is due to normal
age-related decline in cardiovascular function or to an
increased prevalence of cardiovascular disease. Extrapolation
from exercise data suggests that it is a combination of both.

Post-injury Myocardial Depression

Real-time assessment of global cardiovascular function
using dense data capture technology and bedside assessment
of ventricular-arterial coupling demonstrates the occurrence
of myocardial depression in the critically injured and post-
traumatic septic shock patient [47]. Prior work by Tacchino
and Siegel describes similar phenomena in multiply injured
patients [5]. The authors reported a 32 % incidence of myo-
cardial depression, as evidenced by a reduction in cardiac
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index (CI) and ejection fraction (EF), in patients 65 years
and older, and a 21 % incidence in those 13-30 years of age.
Furthermore, mortality rate rises to 60 % in the elderly group
when myocardial depression occurs.

Cardiac Performance in Aging and Disease:
Effect of Comorbidities on the
Cardiovascular Response to Injury

Atrial Fibrillation

In critically injured elderly patients, atrial fibrillation (AF) is
particularly troublesome because age-related changes in
pump function and cardiac output rely heavily on prolonged
contraction times and increased atrial contribution (‘“‘atrial
kick”) for adequate left ventricular filling. Age-related
increases in left (and right) atrial size in healthy older patients
are a risk factor for the development of atrial fibrillation [48].
Additional age-related risk factors include inflammatory
cytokines, local and systemic stress, altered calcium han-
dling, and electrical remodeling [49]. In the acute setting,
pulsatile mechanical atrial stretch and inflammatory cyto-
kines (from injury, sepsis, or ischemia) contribute to arrhyth-
mogenesis [49]. Numerous cytokines may contribute to the
development of AF. Postoperatively, elevated interleukin 6,
interleukin 8, and hsCRP levels are highly correlated with
AF [49]. Interestingly, these same cytokines are present in
high levels in the serum of injured patients and can be used
to predict progression to multiple organ dysfunction and fail-
ure in the multiply injured patient [50, 51]. In addition to
inflammatory cytokines, injured patients are exposed to
other risk factors that predispose to atrial fibrillation: large
volume resuscitation causing increased atrial stretch,
increased endogenous catecholamine release, rapid fluid and
electrolyte shifts, hypoxia, hypercarbia, pulmonary artery
catheter placement, as well as specific injury patterns [52,
53]. Another risk factor is withdrawal from chronic beta-
blockade in the elderly [54].

Although this dysrhythmia is common in critically ill and
injured patients, its exact pathophysiology in injured
patients is unknown. Although the occurrence of AF after
blunt thoracic injury with cardiac contusion is well described
[55, 56], until recently there has been sparse data regarding
atrial fibrillation in the injured patient. A 2011 study has
given some insight into AF in trauma patients. In a retro-
spective review of trauma patients admitted to a large level
one trauma center, AF occurred in 6 % of patients and was
an independent risk factor for mortality. The sole risk factor
for AF development in these patients was age greater than
55. Interestingly, there is a mortality benefit if these patients
were “exposed” to beta-blockers sometime during their hos-
pital stay. Unfortunately, the exact dosages and duration
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have yet to be defined. There is currently not a superior
algorithm for treatment of AF in the elderly. AF should be
treated according to current ACLS protocols with prefer-
ence of beta-blockade for treatment if efficacious. AF
should be diagnosed and managed expeditiously in the
elderly due to greater expected reductions in cardiac output
secondary to loss of atrial kick and need for longer diastolic
filling times.

Ischemic Heart Disease

Injured patients are uniquely at risk for acute myocardial
ischemia given that trauma and critical illness are associated
with endogenous catecholamine release, systemic inflamma-
tion, and increased myocardial oxygen demand. Additionally,
hyperdynamic blood flow during acute resuscitation and its
resultant turbulent and non-laminar blood flow increase
shear forces. This increased shear may theoretically confer
instability on coronary and arterial atherosclerotic plaques
and predispose to myocardial infarction (MI) [57]. This is
further compounded in the elderly in whom arterial pulse
wave indices do not favor diastolic filling of coronary ves-
sels and in whom arterial stiffening only exacerbates condi-
tions of turbulent arterial blood flow. Elderly patients are
additionally at risk from age-related coronary artery disease
and preexisting cardiac disease. MI represents an important
disease entity to address as it is associated with poorer out-
comes especially in the aged [58-60].

Currently, the elderly are the most at-risk group for MI
occurrence, most likely to suffer poor outcomes should MI
occur, and subsequently the most likely to benefit from inter-
vention. MI is difficult to diagnose in critically injured
patients and is even more difficult in the elderly secondary to
atypical symptomatology and presentation. The physician
treating these patients should maintain a high index of suspi-
cion for MI and liberally use diagnostic modalities such as
ECG and serial troponin measurements. This is particularly
important in the face of unexplained vital sign decompensa-
tion after hemorrhage and hypovolemia are excluded.
Diagnostic echocardiogram should be considered to diag-
nose wall motion abnormalities in the face of nondiagnostic
troponin elevation [61]. Cardiology consultation should be
obtained liberally in the setting of acute coronary syndrome
as the patient may be a candidate for intervention.

Heart Failure with Preserved EF

Heart failure (HF) with preserved ejection fraction is defined
by heart failure with an ejection fraction equal to or greater
than 50 % and represents up to 40 % of patients with heart
failure [62]. HF with preserved EF is more common in the
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elderly, females, and in persons with isolated systolic hyper-
tension [63]. It is mentioned here for two reasons: (1) patients
with HF with preserved EF at rest appear normal and (2) EF
at rest is often erroneously used in these patients as a surro-
gate for achievable cardiac performance under stress. In sev-
eral exercise studies of patients with HF and preserved EF,
these patients are unable to adequately increase ElvI, lower
peripheral resistance, increase heart rate, and ultimately
demonstrate reductions in Eal/ElvI necessary to tolerate sub-
maximal and maximal exercise workloads [64—67]. These
patients express nonadaptive inotropic, lusitropic, chrono-
tropic, and vasodilatory responses to the physical stress of
exercise and likely have similar inadequate responses during
physical stress of injury and severe illness as well [44].

Summary

Care of the elderly trauma patient is complicated by both
intrinsic age-related changes in anatomy and physiology and
a high prevalence of preexisting conditions. Derangements
of the cardiovascular system are common after severe injury
and result in an inability to adequately perfuse the organs of
the body. Improving the function of the cardiovascular sys-
tem after injury is of great importance, and the physician car-
ing for these patients must be aware of the effects of aging on
the cardiovascular system and the common cardiovascular
issues encountered in the setting of traumatic injury.

The elderly exhibit a blunted response to adrenergic stim-
ulation secondary to reductions in intrinsic heart rate and
beta-adrenergic responsiveness. Their capability to augment
cardiac output during exercise and increased demand is regu-
lated more by Starling mechanisms with greater reliance on
an increase in EDV and SV than an increase in chronotropy
and EF. This is further complicated by age-related decreases
in baroreceptor reflexes that render them more sensitive to
hypovolemia and hemorrhage. The elderly exhibit predis-
posed sensitivity to myocardial ischemia due to increased
prevalence of cardiovascular disease, and the clinician must
be vigilant in the diagnosis of acute coronary syndrome in
this patient population due to atypical presentation and unre-
liable clinical exam. Dysrhythmia is a common occurrence
in the aged and usually heralds underlying physiologic
derangement from infection, ischemia, or shock. Deleterious
cardiac thythms must be rapidly diagnosed and treated due
to reliance on atrial contributions for adequate ventricular
filling and cardiac output in the elderly. In treating these
complicated patients, physicians must carefully adhere to the
principles of resuscitation within a narrow therapeutic win-
dow. Every effort must be made to minimize the increased
metabolic demands of hypovolemia, hypothermia, acidosis,
pain, and the need for ventilatory support due to decreased
ability to compensate for physiologic stress.
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Pulmonary Anatomy

Vicente H. Gracias and Marissa De Freese (Delgado)

The respiratory system provides the body with oxygen to
sustain aerobic metabolic function. Components of the
respiratory system include diaphragm, chest wall and
abdominal muscles, the nose and mouth, the pharynx and
trachea, the bronchial tree, and the lungs. Specifically, the
thorax includes the sternum, ribs, chest wall, thoracic ver-
tebrae, two pleural cavities containing the lungs, and the
mediastinum. The mediastinum consists of the pericar-
dium, heart, esophagus, trachea, great vessels, thoracic
duct, and thymus [1]. Defects in the muscles of respiration
or chest wall structure cause derangements in respiratory
function.

Comorbidities

Normal aging creates structural changes in the respiratory
system that alter the pulmonary physiology. Aging leads
to a progressive decrease in the compliance of the chest
wall, in static elastic recoil of the lung, and in strength of
respiratory muscles. Pulmonary comorbidities in the
elderly also affect the basic anatomic landscape of the
respiratory system. Medical conditions can influence the
respiratory system directly or via influence on a different
organ system.
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Chest Wall

The bony thorax and muscles of respiration comprise the
chest wall. The ventral aspect of the chest wall includes the
manubrium, sternum, and xiphoid process. The first seven
pairs of ribs articulate directly with the sternum, the next
three pairs connect to the lower border of the preceding rib,
and the last two terminate in the flank and back. The ribs
originate from the 12 thoracic vertebrae. The ribs are joined
by three distinct muscles and a neurovascular bundle. The
intercostal muscles begin superficially with the external
intercostal muscle, then the internal intercostal muscle, and
the innermost intercostal muscle, which is adjacent to the
parietal pleura. The intercostal artery, vein, and nerve course
along the inferior edge of each rib. Another important source
of blood supply is the internal thoracic artery located just
lateral to the sternum, which anastomose with the intercos-
tal arteries along the lateral aspect of the chest wall [1].

Lung Anatomy

The lungs are paired organs located in the thoracic cavity.
Each lung is conical in shape with a rounded apex and a
broad base that rests on the diaphragm. The left lung is
divided into two lobes by an interlobular fissure, which
extends from the costal to the mediastinal surface of the lung
both above and below the hilus. The right lung contains
three lobes, superior, middle, and inferior, which are
separated by two interlobular fissures [1].

Diaphragm
The diaphragm is a thin, dome-shaped fibromuscular organ

that serves a number of anatomic and physiologic purposes.
Foremost is its function in the respiratory system where it
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serves as the driving muscle to create a pressure gradient for
air exchange. The diaphragm also separates the thoracic cav-
ity from the peritoneal cavity. The phrenic nerves, originat-
ing from cervical vertebrae 3, 4, and 5, innervate the
diaphragm [2].

Pulmonary Physiology

The bony thorax provides protection to the thoracic viscera
from injury and provides fixation points for the associated
musculature. Respiration occurs with contraction of the mus-
cles (inspiration) and with muscle relaxation (expiration).
This provides a bellows effect which entrains oxygen-rich air
through the airways into the alveoli during inspiration and
then elimination of carbon dioxide-rich air during
expiration.

Airflow follows a pressure gradient from a region of
higher pressure to an area of lower pressure. A pressure dif-
ference between the atmosphere and alveoli is established by
the respiratory muscles and chest wall. The diaphragm func-
tions as a piston. During inspiration, it contracts moving cau-
dally in the thoracic cavity creating a negative intrathoracic
pressure. As soon as the pressure gradient is sufficient to
overcome the resistance in the airways, air flows into the
lungs. With exhalation, the diaphragm relaxes and the elas-
ticity of the lungs causes the contained volume to reduce.
Intercostal muscles, scalenes, and other accessory muscles
of respiration assist with increasing the thoracic volume
when vigorous respirations are required such as during exer-
cise or with conditions of increased metabolic demand (i.e.,
sepsis) [1].

Effects of Aging

The chest wall undergoes several physiologic changes as the
patient ages. Bone loss in the thoracic cage and calcification
in the costal cartilage change the mechanics of the chest
wall. Kyphotic changes of the thoracic spine result in an
increase in the anterior to posterior diameter of the thorax.
Respiratory muscle strength decreases with age. The decrease
in muscle strength results from a reduction in cross-sectional
muscle fiber area, a decrease in the number of muscle fibers
(especially type II fast-twitch fibers and motor units), altera-
tions in neuromuscular junctions, and loss of peripheral
motor neurons with selective denervation of type II muscle
fibers. There is also a notable decrease in compliance of the
chest wall and static elastic recoil of the lung [3].

Aging also has an effect on the airway. Older patients
develop decreased sensitivity of respiratory sensory nerves.
This reduction causes an increased risk of aspiration. Patients
have less sensation of debris in the pharynx and have
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difficulty clearing secretions. Bronchiolar diameter decreases
with age creating an increased resistance for airflow [3].

Pulmonary parenchyma also demonstrates changes with
aging. There is an enlargement in the alveolar airspace diam-
eter similar to that observed in emphysema. There are no
inflammatory cell infiltrates identified in healthy older lungs
unlike emphysematous lungs. “Senile emphysema” is the
term applied to this pathologic change. Because elastic recoil
of the lung decreases with normal aging, patients demon-
strate an increase in residual volume similar to obstructive
airway disease.

Pulmonary Function Testing

Utilization of pulmonary function tests provides practitio-
ners with objective data about lung function. The data deter-
mined by these tests help health-care providers diagnose and
monitor obstructive airway disease. The major types of pul-
monary function tests include spirometry, measurement of
lung volumes, and diffusion capacity. Airflow into and out of
the lungs is measured during different breathing maneuvers
to gauge expiratory flow rates and volumes.

Spirometry creates a tracing of the relationship between
maximal expiratory airflow and time, termed a spirogram. It
is the most common measure of ventilatory lung function.
Good-quality test results are based on accurate equipment,
good test procedures, an ongoing program of quality control,
appropriate reference values, and good algorithms for the
interpretation of results. Variability in spirometry is often
based on patient cooperation and ability. The interpretation
of lung-function tests usually involves comparing values
measured in patients with reference ranges obtained from
populations of healthy nonsmokers [4].

Diffusing capacity for carbon dioxide evaluates the alve-
olar membrane. DLCO measures the ability of the lungs to
transfer gas from inhaled air to the red blood cells in pulmo-
nary capillaries. This test is useful for the differential diag-
nosis of restrictive and obstructive lung volumes. Patients
are instructed to rapidly inhale gas that is a combination of
carbon monoxide (usually 0.3 %) and a tracer gas. The test
gas is held for 10 s then the subject exhales. During the
breath-holding period, the carbon monoxide continuously
moves across the alveoli into the blood. A low DLCO cor-
relates with a low mean lung tissue density. This is often
found in emphysema. Conversely, a normal or high DLCO
is seen in airway obstructive disease such as bronchitis or
asthma.

Lung disease is typically classified as being either obstruc-
tive or restrictive. Obstructive lung disease carries a primary
criterion of a reduced percent of FEV,/VC. In a restrictive
pattern, the lungs are small. The primary criterion for this
diagnosis is a decreased total lung capacity (TLC). The
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presence of restriction is inferred from vital capacity since
the TLC is calculated indirectly.

Pulmonary function tests are often performed at baseline
and then with the administration of medications, frequently
a bronchodilator. In airflow obstruction, the pulmonary
function measurements may improve. This helps guide
the medication prescription and monitoring of disease
progression.

As patients age, utilization of pulmonary function tests
becomes more complicated. Patients may be unable to coop-
erate with the test secondary to physical frailty or cognitive
decline. Decreased physiologic reserve in older patients
reduces the airflow measurements that is not necessarily
indicative of underlying pulmonary parenchymal disease.
Data for healthy older patients is unavailable for a reference
to determine what an expected change in airflow measure-
ments should be [4].

Airway Diseases
COPD

Chronic obstructive pulmonary disease is the fourth lead-
ing cause of death among Americans. The Global Initiative
for Chronic Obstructive Lung Disease (GOLD)—a report
produced by the National Heart, Lung, and Blood Institute
(NHLBI)—and the World Health Organization (WHO)
define COPD as a preventable and treatable disease with
some significant extrapulmonary effects that may contrib-
ute to the severity of disease in individual patients. The
airflow limitation is usually progressive and associated
with an abnormal inflammatory response to noxious par-
ticles or gas. Risk factors for development of COPD are
directly associated with exposures to fumes, gas, cigarette
smoke, or cooking fire. There are several different types
of COPD that include emphysema, asthma, and bronchi-
tis. There is significant overlap between the disease pro-
cesses, but there are hallmark features that classify them
as COPD.

Clinical features that identify COPD are respiratory
symptoms; coughing, sputum production, wheezing, and
exertional dyspnea. The manifestations of disease are vari-
able in each patient based on disease progression, risk
factors, and comorbidities. Spirometry is essential for diag-
nosis once symptoms raise suspicion of COPD. When the
FEVI1/FVC ratio is less than 0.70, it generally indicates
airway obstruction. Decreased inspiratory capacity and
vital capacity, accompanied by increased total lung capac-
ity, functional residual capacity, and residual volume, are
indicative of hyperinflation. This can also be demonstrated
on diagnostic imaging such as plain radiographs and com-
puted tomography [5].
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Alveoli

Emphysema is defined as abnormal and permanent enlarge-
ment of the alveoli that are distal to the terminal bronchi-
oles. Most commonly, emphysema is the result of long-term
cigarette smoking. It typically develops in the sixth and sev-
enth decades. A key component of emphysema is destruc-
tion of airspace walls associated with inflammatory cells.
This creates loss of elastic recoil and persistent dilation of
the alveoli.

Bronchioles

Bronchitis is a persistent inflammation of the bronchial
tubes. It can be divided into acute and chronic subtypes.
Chronic bronchitis is defined as a productive cough that is
persistent for at least 3 months in two consecutive years. The
cough is due a loss of normal mucociliary function of the
mucosa and reduced ability for expectoration of mucus.
Cigarette smoking is a common cause of both emphysema
and chronic bronchitis. Management of COPD is based on
limiting exposure to exacerbating factors and monitoring
progression of disease.

Asthma is a chronic inflammatory disease of the airways.
It is one of the most common chronic diseases of childhood,
affecting more than six million children. Key components
of asthma include airway edema, bronchoconstriction, air-
way hyperresponsiveness, and airway remodeling. Airway
inflammation contributes to airway hyperresponsiveness,
airflow limitation, respiratory symptoms, and disease chro-
nicity. Acute and chronic inflammation can affect not only
the airway caliber and airflow but also underlying bron-
chial hyperresponsiveness, which enhances susceptibility to
bronchospasm. Clinical manifestations and symptoms are
variable, as are responses to treatment [6].

Adults aged 65 or greater have a prevalence of asthma of
4-8 %. Diagnosis of asthma in this population is more dif-
ficult than in younger adults secondary to comorbidities and
other etiologies of dyspnea. Doctors may attribute symptoms
to other diseases that are more common in old age such as
emphysema, chronic bronchitis, and congestive heart failure.
Differentiation of asthma versus COPD is important because
the management is different. Older adults have two catego-
ries of asthma: one form of asthma preexists from childhood,
whereas the second form is adult-onset asthma. Often there
is no identifiable cause for adult-onset asthma. However, cig-
arette smoking is a known risk factor for developing asthma
in adulthood [7, 8].

Restrictive Lung Disease
Restrictive lung diseases are a category of parenchymal or

extrapulmonary diseases that limit the lung expansion
resulting in decreased lung volumes. Clinical presentation is



24

consistent with shortness of breath and cough. Diagnostic
testing includes spirometry. FEV, and FVC are both
decreased from normal. Primary pulmonary diseases that
manifest as restrictive lung disease include pulmonary fibro-
sis, interstitial lung disease, acute respiratory distress syn-
drome, sarcoidosis, radiation fibrosis, and asbestosis.
Restriction to lung expansion can also be secondary to
extrapulmonary diseases. Pleural abnormalities and chest
wall dysfunction, including neuromuscular diseases like
myasthenia gravis, can create this pathophysiology.
Treatment choices and prognosis differ based on the
etiology.

Pulmonary Embolism

Pulmonary embolus (PE) can be a life-threatening complica-
tion. It is defined as blockage of the vasculature of the lung
by a venous embolism. Pulmonary embolus is most com-
monly thrombotic in nature, but fat, air, medications, and
amniotic fluid can cause the same result. Management of
pulmonary embolus is based on prophylaxis, rapid diagno-
sis, and restoration of blood flow to the involved portion of
the lung. Clinical symptoms include dyspnea, shortness of
breath, chest pain, tachypnea, and cough or hemoptysis. In
severe cases, hemodynamic instability and right heart strain
may be evident [9].

Deep venous thrombus initiate at sites of venous stasis or
injury. Continued growth of the thrombus is perpetuated by
limitation of venous flow adjacent to the thrombus. If the clot
becomes unstable, it can break off and migrate to the lungs.
Prophylaxis is recommended for patients that have pro-
longed immobility or hypercoagulable processes. Incidence
rates of VTE increase dramatically beginning at about age 55
and by age 80 are nearly 1 in 100 per year, approximately
1,000-fold higher than for those aged 45 or younger.
Pulmonary embolus in this patient population may have del-
eterious effects given the compromise to physiologic reserve
already observed with normal aging. Risk factors for devel-
oping VTE are the same as for younger patients: decreased
mobility, trauma, cancer, indwelling venous catheters, and
hypercoagulability states [10].

Diagnosis of pulmonary embolus is based on clinical
findings, laboratory findings, and radiologic imaging.
D-dimer is highly sensitive but not very specific. A negative
elevation in D-Dimer will exclude pulmonary embolus as a
diagnosis. Computed tomographic angiography (CTA) of the
chest is utilized to visualize the vasculature of the lungs.
CTA is the gold standard test for the diagnosis of PE with a
sensitivity of 83 % and specificity of 96 %. Ventilation/per-
fusion (V/Q) scans are utilized when there is a contraindica-
tion to CTA. This imaging study evaluates pulmonary blood
and airflow. A defect in perfusion requires a mismatched
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ventilation defect. A VQ mismatch is highly specific (97 %)
for a pulmonary embolus.

Treatment for VTE is with anticoagulation unless there is
a contraindication. Unfractionated heparin or low molecular
weight heparin is administered in therapeutic doses. If
patients have proven or suspected heparin-induced thrombo-
cytopenia, direct thrombin inhibitors should be used. Oral
anticoagulation with warfarin is started once a patient is
therapeutic on parenteral anticoagulation. Warfarin is titrated
to a therapeutic INR (2.5-4). The most serious complication
of anticoagulation is bleeding. The risk of hemorrhage must
be carefully weighed against the pulmonary effects of a pul-
monary embolus in all patients. Elderly patients are at an
increased risk for falls which can make them more suscepti-
ble to bleeding while anticoagulated. The most common
fracture in the elderly trauma patient is a rib fracture.
Traumatic injuries on anticoagulation can be lethal.

Infections

Pulmonary infections are common in the elderly secondary
to normal physiologic alterations to the respiratory and
immune systems. Older patient demonstrates predisposition
to aspiration and impaired mucociliary clearance. Up to one
third of elderly patients with a community-acquired pneu-
monia will not manifest leukocytosis.

Pneumonia is an infection of the alveolar portion of the
lung. It is the fifth leading cause of death in older patients. It
can be community acquired or health care associated. Several
different pathogens can be the source for pneumonia includ-
ing bacteria, virus, and fungus. Clinical symptoms include
cough, fever, shortness of breath, and sputum production.
Diagnosis of pneumonia is based on symptoms, physical
examination, and radiographic findings. Community-
acquired pneumonia can be treated with antibiotics as an out-
patient. Patients that have suspected health-care-acquired
pneumonia are at risk for resistant organisms [11].

Empyema is a pleural space infection. Parapneumonic
effusions occur when the region of parenchyma involved
with the pneumonitis abuts the pleural surface and alters the
pleural membranes. In the majority of cases, pneumonia is
treated with antibiotics and the parapneumonic effusion
resolves. However, 5—10 % of patients hospitalized for pneu-
monia will develop a persistent parapneumonic effusion that
progresses to an empyema. Empyema matures via three dis-
tinct phases: exudative, fibrinopurulent, and organization.
All pathogens that cause pneumonia can also cause a parap-
neumonic effusion and empyema. Patients with traumatic
injury to the chest are susceptible to pneumonia due to
parenchymal damage such as contusion. Placement of a
chest tube is also associated with a higher risk of empyema.
Diagnosis of empyema is based on clinical history and chest
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x-ray or CT scan of the chest. Treatment is drainage of the
empyema and antibiotic therapy guided by organism sensi-
tivities. There is a high failure rate for chest tube clearance of
the empyema, particularly when drainage is initiated during
the organization phase [12].

Tuberculosis (TB) is an infectious disease caused by the
atypical bacteria, mycobacterium tuberculosis. Chronic lung
disease and cigarette smoking are significant risk factors for
TB. Older patients are at a higher risk for tuberculosis
because of abnormal lung function and immunocompromise.
Tuberculosis may have two different conditions: latent or
active disease. Latent tuberculosis is characterized by infec-
tion with mycobacterium but no symptoms. Approximately
5-10 % of patients with latent TB will transition to active
disease during their lifetime. Persons with latent TB will
have a positive skin tuberculin test or TB blood test. Active
disease in the lungs manifests symptoms such as cough,
fever, weight loss, night sweats, and hemoptysis. TB can also
have extrapulmonary symptoms based on spread of the bac-
teria. Diagnosis of tuberculosis is based on clinical history,
high index of suspicion, radiographic findings, AFB micros-
copy, and culture data. First-line agents for treatment of TB
are isoniazid, rifampin, pyrazinamide, and ethambutol.
Patients need to be followed closely for treatment response
and failure [1].

Aspiration Pneumonitis

Risk factors for aspiration include altered mental status, dys-
phagia, and disorders of the upper gastrointestinal tract.
Older patients are at an increased risk for aspiration events.
Pulmonary aspiration of gastric content will produce a
chemical pneumonitis. Most pneumonia arises following the
aspiration of microorganisms from the oral cavity or naso-
pharynx. Diagnosis is based on history and chest x-ray or
bronchoscopy findings. Treatment is supportive for aspira-
tion (chemical) pneumonitis. Bacterial infection or pneumo-
nia following an aspiration event should be treated with
antibiotics for 7-10 days [13].

Cancer

The peak incidence of lung cancer is in the elderly. The
likelihood of developing lung cancer is 1 in 2,500 in men
younger than 39 years of age and 1 in 15 in men between
the ages of 60 and 79 years. There is a high mortality rate
associated with lung cancer secondary to the inability to
diagnose the disease at an early stage, when it may be
potentially curable [14]. Lung cancer patients can expect a
high symptom burden, particularly from fatigue and breath-
lessness. The aging patient with a primary lung malignancy

25

has challenging management issues secondary to the high
rates of comorbidities found among the aging patient
including cardiovascular disease (23 %), COPD (22 %),
and other malignancies (15 %) [15].

Risk factors for lung cancer include environmental and
lifestyle exposures. Lung cancer is strongly associated
with smoking, radiation exposure, and occupational expo-
sure to arsenic, asbestos, nickel, uranium, chromium, sil-
ica, beryllium, and diesel exhaust. Cigarette smoking is
estimated to account for approximately 90 % of all lung
cancers. Diagnosis of malignancy is via radiologic and
invasive testing. Patients may manifest common signs and
symptoms of lung cancer such as cough, hemoptysis,
wheeze, stridor, or dyspnea. Chest x-ray is the initial
screening tool based on clinical findings. When an abnor-
mality is identified with initial chest x-ray, a CT scan will
help precise anatomic localization. Histologic diagnosis is
important prior to staging workup. Depending on the loca-
tion of the tumor, histology can be achieved with sputum
cytology, bronchoscopic biopsy, CT-guided transthoracic
biopsy, or operative biopsy [1].

Lung cancer is primarily divided into two categories:
small cell lung cancer (SCLC) and non-small cell lung can-
cer (NSCLC). Approximately 5 % of malignancies arise
from other cell types in the lung. Small cell histology tends
to be more aggressive but also more responsive to treatment.
NSCLCs include squamous cell carcinoma, adenocarci-
noma, and large cell carcinoma. Staging of lung cancer
allows for accurate prognosis and treatment options. The
staging system for NSCLC is TNM staging. SCLCs are clas-
sified as limited disease or extensive disease based on the
high likelihood of early metastasis. Positron emission tomo-
gram (PET) scanning is utilized for metabolic staging and
can identify occult metastases.

Treatment management for NSCLC is based on staging
(Table 3.1). Staging is based on anatomic extent of disease
during clinical-diagnostic stage, surgical-pathologic stage,
retreatment stage, or autopsy stage. T1 tumors are <3 cm in
greatest dimension, do not invade the visceral pleura, and are
without bronchoscopic evidence of invasion more proximal
than a lobar bronchus. T2 tumors are >3 cm but <7 cm in
greatest dimension, invade a mainstem bronchus with its
proximal extent at least 2 cm from the carina, invade the vis-
ceral pleura, or are associated with either atelectasis or
obstructive pneumonitis that extends to the hilar region with-
out involving the entire lung. T3 lesions are larger than 7 cm
in greatest dimension; invade the chest wall (including supe-
rior sulcus tumors), diaphragm, phrenic nerve, mediastinal
pleura, parietal pericardium, or a mainstem bronchus less
than 2 cm from the carina without invasion of the carina; are
associated with either atelectasis or obstructive pneumonitis
of the entire lung; or are a separate tumor nodule located in
the same lung as the primary nodule. T4 lesions are any size
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Table 3.1 Treatment of NSCLC

Stage Operative intervention

Stage 1 Surgical resection for cure
Stage 1T Surgical resection for cure
Stage 11 Surgical resection for cure

Stage IIIA (incidental, potentially
resectable, unresectable)

Stage I11B
Stage IV

Thoracotomy and potential
resection

Not surgical candidates
Not surgical candidate

tumor with invasion to surrounding or distant structures.
Nodal involvement ranges from NO to N3. NO has negative
pathology in the lymph nodes. N1 involves ipsilateral intra-
pulmonary, peribronchial, or hilar lymph nodes. N2 status
indicates involvement of ipsilateral mediastinal or subcarinal
lymph nodes. N3 involves contralateral mediastinal or hilar
lymph nodes or involvement of either ipsilateral or contralat-
eral scalene or supraclavicular lymph nodes. M status
describes metastatic extent. MO has no distant metastasis.
ML is divided into a and b. M1a includes malignant pleural
effusion, pleural nodes, pericardial effusion, or contralateral
lung nodules. M1b classifies distant metastasis [16].

The seventh edition of the TNM staging system (Table 3.2)
is the most recent version. It was developed by the
International Association for the Study of Lung Cancer and
approved by the American Joint Committee on Cancer and
the International Union Against Cancer.

SCLC is often metastatic at the time of diagnosis. Patients
with limited disease are typically treated with chemoradio-
therapy. Cisplatin, etoposide, and thoracic radiation are used
to improve survival. Surgical resection is not a mainstay of
treatment for SCLC. Patients with extensive disease are
treated with several cycles of etoposide and a platinum-based
chemotherapeutic agent.

Elderly patients with associated comorbidities and physi-
ologic decline in other organ systems are less tolerant of
aggressive treatment options. However, recent studies have
shown improved survival outcomes for aging patients when
all appropriate treatment options are considered. Chronologic
age alone should not be a determinant of the therapeutic
decision in patients with lung cancer.

Sleep Disorders
Obstructive sleep apnea (OSA) is a sleep disorder found in

adults and children. It is characterized by obstructive apnea or
hypopnea; daytime symptoms such as fatigue, sleepiness, and

V.H. Gracias and M. De Freese (Delgado)

Radiation Chemotherapy

Primary radiotherapy in patients
not fit for operation with intent
to cure

Radiation with intent to cure in
patients with inoperable disease

Cisplatin-based adjuvant improves
survival

Radiation with intent to cure in
patients with inoperable disease

Cisplatin-based adjuvant improves
survival

Adjuvant radiation unclear
outcomes

Adjuvant chemotherapy

Radiation appropriate Primary treatment or palliation
Not radiotherapy candidate Survival improvement

with supportive care

Table 3.2 TNM staging of NSCLC

T/M  Subgroup  NO N1 N2 N3
Tl Tla Ia Ta Ia TIb
Tlb Ia e Ia b
T2 T2a Ib Ia Ia b
T2b Ila IIb Ia IIb
™ T3, IIb Ma Ila IIb
T3 IIb Mla 1lla IIb
T3suat IIb Ila Mla IIb
T4 Tdy Mla ne b b
T s o IMa e b b
Ml Mlacommne IV v v v
Mlappeen IV v v v
Milb v v v v

poor concentration; and signs of disturbed sleep like snoring,
restlessness, and resuscitative snorts. OSA has a significant
impact of neurocognitive function and plays a role in other
medical conditions. OSA has been associated with hyperten-
sion, cardiovascular disease, atrial fibrillation, congestive
heart failure, and stroke [17]. There is a higher incidence of
these comorbidities in the elderly [18]. The prevalence of
sleep disorders increases with age, with the elderly popula-
tion between 70 and 80 years having an incidence almost
twice that for people younger than 40 years. Traditional risk
factors include obesity, neck circumference, snoring, and
BMI. The elderly population may not have the same risk fac-
tors, and the presentation of OSA may be atypical. This leads
to underdiagnosis of OSA in aging patients [19].

There is speculation that the pathophysiology of OSA is
different in the elderly population. Anatomic and physio-
logic changes that occur with aging may increase the risk for
apnea in the elderly. Alterations to the pharynx are condu-
cive to obstructive physiology. Elderly patients have an
increase in parapharyngeal fat deposition, increased length
of the soft palate, and a change in the bony structure of the
pharynx. Diagnosis of OSA is based on symptoms and
polysomnography. Polysomnography is considered the gold
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standard to diagnosis OSA. It is performed by monitoring
the patient during a full night’s sleep. OSA is diagnosed if 15
or more episodes of apnea, hypopnea, or respiratory effort-
related arousals per hour of sleep (i.e., an apnea hypopnea
index or respiratory disturbance index >15 events/h) occur
in an asymptomatic patient or there are five or more obstruc-
tive apneic events per hour in a symptomatic patient [20].

CPAP (continuous positive airway pressure) is the stan-
dard treatment for OSA. Positive airway pressure splints the
airway open to prevent upper airway collapse. Consistent
utilization of nighttime CPAP yields reduced frequency of
nighttime apnea, decreased daytime sleepiness, and improve-
ment of quality of life. Surgical options to remodel the upper
airway are considered when patients fail CPAP therapy or
are intolerant to positive pressure.
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Introduction

Structural and functional changes occur within the renal
parenchyma with advancing age [1, 2]. These changes have
been well characterized and allow the elaboration of estima-
tion formulae that are ubiquitous in electronic medical
records and laboratory profiles [3]. Understanding how these
predictable changes in structure and function impact labora-
tory profiling, medication dosing, nutritional support, fluid
prescription, and decisions regarding renal support tech-
niques for acute kidney injury or acute renal failure is essen-
tial for clinicians who care for the injured or ill elderly.

Renal Biomass and Aging

Advancing age predictably reduces both renal size and func-
tional biomass. All aspects of renal biomass are reduced in
size; parenchymal loss involved both the cortex and medulla
but appears to spare the collecting tubules and renal pelvis
[1]. Biomass reduction also involves lean body mass, and
there are well-chronicled reductions in muscle mass and pro-
portionate increases in adipose mass in health; of course,
disproportionate increases in adipose mass are observed in
the clinically severely obese. Nonetheless, reduced lean
body mass reduces the measured serum creatinine (Scr) with
advancing age [4, 5]. The reduction in Scr from reduced lean
body mass renders interpretation of Scr with reduced renal
biomass difficult to interpret during critical illness.
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Reduced renal biomass limits the ability to clear creati-
nine. Thus, an individual with reduced lean body mass may
have a normal Scr as creatinine is less readily cleared.
Alternatively, an elderly individual with a low Scr likely has
severe protein-calorie malnutrition as the only way to have a
low Scr is to have severely reduced lean body mass in the
setting of reduced renal clearance ability. Since fluid resusci-
tation may also acutely dilute Scr, knowledge of an individ-
ual’s baseline Scr is essential, as assumptions regarding renal
function are fraught with peril when renal function is not
normal [6, 7]. Relatedly, using published estimates of renal
function such as Cockroft-Gault that is based on gender, age,
ideal weight, and a measured Scr are likely inaccurate during
acute illness.

Since Scr is also a reflection of plasma volume, thirst may
exert a strong influence on the evaluation of renal function.
Thirst sensing is reduced in the elderly [8, 9]. Reduced thirst
sensation is likely related to reduced hindbrain visceral sen-
sory flow receptor competency, impaired lamina terminalis
(osmoreceptor region that resides in the wall of the 3rd ven-
tricle that lacks a blood—brain barrier) responsivity, reduced
angiotensin II elaboration (related to reduced renal biomass),
cultural norms, and psychogenic influences [8, 10-12].
Additionally, the cingulate cortex is involved in thirst sens-
ing and may be impaired with aging, especially in the setting
of stroke [13, 14]. Hypertension also decreases thirst via
baroreceptor-mediated reductions in the renin-angiotensin
system. Both economic hardship and illnesses such as
Alzheimer’s and dementia may significantly impair medica-
tion compliance, allowing hypertension to exist unchecked.
Hormonal influences either support (orexin) or retard (atrial
natriuretic peptide, glucagon-like peptide-1) thirst, and their
elaboration may be impacted by age [15, 16]. Furthermore,
as advancing age reduces mobility through chronic illness
including major axial joint arthritis, cerebrovascular acci-
dents, dementia, and Alzheimer’s, the ability to satisfy per-
ceived thirst may be reduced as well. Therefore, the elderly
individual hosts multiple competing influences that gener-
ally reduce thirst sensation and thirst satisfaction.
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These influences generally leave the acutely injured or ill
geriatric patient ill equipped to manage intravascular volume
deficits related to infection, vasodilatation, or hemorrhage.
The clinician should be aware that the elderly may present
with a volume deficit that includes the intravascular and
intracellular as well as extravascular/extracellular spaces due
to impaired thirst sensing and satisfaction. Therefore, the
resuscitative fluid prescription may be larger than antici-
pated. Additionally, hypotension may occur earlier than
anticipated due to reduced intravascular volume and the
reduced ability to compensate for vasodilating influences
such as sepsis, severe sepsis, or septic shock. Such knowl-
edge may also inform clinicians with regard to the timing of
fluids as opposed to vasopressors.

Evaluation of Renal Function

The principal means of evaluating renal function in clinical
practice are as follows: urinalysis and urine microscopy,
BUN, Scr, BUN/Scr ratio, urine electrolytes, fractional
excretion of sodium (Fey,) or urea (FEUN), 24-h creatinine
clearance (CrCl,,), eGFR, and urinary biomarkers. A detailed
discussion regarding the use of urine microscopy is outside
of the scope of this chapter.

Urinalysis

This simple bedside assay is rather useful in a variety of fash-
ions. With regard to renal function, assessment of urine specific
gravity and pH is helpful in the context of plasma osmolarity
and pH. One must determine whether the renal response is
appropriate or inappropriate for a given state. One expects that
an intact renal system would preserve the ability to both concen-
trate and dilute urine in an appropriate fashion. For example, an
individual with dehydration should not have dilute urine.
Similarly, an impaired renal biomass would lose the ability
to concentrate or dilute urine. Such a condition is identified in
the post-ATN kidney where the kidney functions as a “pass-
through” mechanism with the tonicity of urine approximating
that of plasma. Urine in this state generally has a specific grav-
ity of 1.010 and establishes a condition known as isosthenuria.
Individuals with “high output renal failure” have such a condi-
tion and must be evaluated for unexpected dehydration.
Injured kidneys may shed casts of the tubular system and
these are readily apparent on microscopic examination of
urine from such patients; renal tubular epithelial cells may
also be readily identified. Similarly, renal inflammation may
recruit WBC that are also noted but are identified generally
in the absence of bacteria; when bacteria are present, cystitis
or pyelonephritis must also be considered and is aided by
urine culture and evaluation of the clinical circumstance.
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Urine casts may be useful in differentiating ATN from prer-
enal azotemia in that ATN generally demonstrates renal
tubular cell casts, granular casts, and muddy brown or mixed
cellular casts. In contradistinction, those with intravascular
volume deficit-associated AKI generally demonstrate either
no casts or hyaline or fine granular casts. A scoring system to
help differentiate these two has been articulated as well [2].

BUN, Scr, and BUN/Scr Ratio

The paired evaluation of blood urea nitrogen (BUN) with Scr is
well entrenched in modern medicine. This evaluation tool may
be valid prior to medical therapy, but hospital-based therapy
may render interpretation difficult or misleading. For instance,
nutritional supplementation may artificially raise the BUN
while not impacting the Scr establishing a ration that exceeds
the classic cutoff of 20:1 that purportedly indicates prerenal
azotemia. In the elderly in particular, reductions in lean body
mass may artificially depress the Scr leading to the inappropri-
ate diagnosis of dehydration when itis not present. Alternatively,
an increase in Scr from both decreased lean body mass and
renal biomass may elevate the Scr impeding the diagnosis of
dehydration when it is truly present. Accordingly, in the elderly,
the BUN/Scr ratio as well as their individual values may be less
reliable than in their more youthful counterparts.

Urine Electrolytes

One modality to aid in the evaluation of renal function as
well as plasma volume is the assessment of urine electro-
lytes. It is important to recognize that there are no fixed nor-
mal concentrations as they will change with both dietary
intake and the volume of generated urine. In particular, the
urinary sodium (Uy,) has excellent fidelity in illuminating
the renal response to the patient’s intravascular volume sta-
tus and mean arterial pressure. In the absence of a diuretic, a
low Uy, (<20 mEq/L) indicates intravascular volume deple-
tion, and a high Uy, (>40 mEqg/L) indicates the absence of
depletion [17]. Note that a high Uy, does not indicate whether
there is any additional volume recruitable cardiac perfor-
mance to be garnered. Other electrolytes may be assessed
including potassium and chloride but are of less utility in
general practice than Uy,.

Fractional Excretion of Sodium (Fey,)
or Urea Nitrogen (FEUN)

These measures purport to better enable the clinician to
determine whether there is intravascular volume depletion or
an intrarenal condition such as acute tubular necrosis (ATN)
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by creating a ratio of Uy,, urinary creatinine, plasma sodium,
and plasma creatinine such that

FeNa = (UNa ><PCr /UCr XPNa )Xloo

In general, Fey, is<1 % with plasma volume depletion,
congestive heart failure, and acute glomerulonephritis but
is>1 % with bilateral ureteric obstruction and ATN; values
commonly exceed 3 % with ATN [18]. Fey, validity is
degraded by the presampling administration of diuretics
[19]. In that case, the FEUN may be more useful as urea
excretion is believed to be more dependent on passive forces
but is controversial [19-21].

Relatedly, the FEUN may be calculated in a fashion similar
to that of Fey, where FEUN is represented by the formula:

FEUN = (U,, xP,, / U, Py, )x100

A FEUN<35 % is consistent with the diagnosis of
decreased plasma volume [21, 22]. In some studies, FEUN
outperforms Fey, in differentiating between acute renal fail-
ure due to prerenal azotemia and that due to ATN.

24-Hour Creatinine Clearance (CrCl,,)

This measure is perhaps the most sensitive indicator of
renal function in that it relies on a 24-h collection of
urine that is kept on ice to retard degradation. The 24-h
nature of this test accounts for any diurnal or therapy-
driven variations in clearance that would be inherent to a
spot or 2-h assessment [23]. This assay also allows the
clinician to determine whether the patient’s native renal
function exceeds or fails to reach the clearance that can
be achieved by intermittent or continuous renal replace-
ment therapy. The major disadvantage is the time required
for collection and the need to keep the entire volume of
urine on ice.

eGFR

This ubiquitous measure accompanies every laboratory pro-
file that measures Scr and is accompanied by descriptors of
age, gender, and race but does not require height and weight
[24]. The currently reported eGFR is derived from multiple
studies to replace the eGFR derived from the Modified Diet
in Renal Disease (MDRD) calculation in patients where the
actual GFR exceeds 60 mL/min per 1.73 m? body surface
area [25]. The original MDRD calculation employs age, cre-
atinine, albumin, urea, gender, and ethnicity in its calcula-
tion; a 4-variable modification also exists [25]. The eGFR
calculation is represented by
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GFR =141xmin(Scr/x,1)oxmax (Scr/ x,1)—1.209%0.993
Agex1.018[if female|x1.159]if black ]

where Scr is serum creatinine (mg/dL), x is 0.7 for females
and 0.9 for males, a is —0.329 for females and —0.411 for
males, min indicates the minimum of Scr/k or 1, and max
indicates the maximum of Scr/k or 1 [26].

This test is primarily used as a screening tool to readily
follow the trend in renal function and will be useful over
time as the patient ages. Cutoffs for eGFR have been articu-
lated to help categorize the stage of renal failure [3-5]; stages
1 and 2 are applied to renal function estimates when there is
a structural abnormality that is present — otherwise a eGFR
of 60-89 is not considered abnormal [26]. eGFR is inaccu-
rate in multiple conditions including but not limited to acute
renal failure, age< 18, pregnancy, edematous states, severe
protein-calorie malnutrition, muscle wasting diseases, criti-
cal illness, and following extremity amputation [27, 28].

Urinary Biomarkers

Since Scr and the measures explored above are insensitive
and inaccurate in determining early AKI to perhaps enable
early therapy that might change the seemingly invariate mor-
tality rate associated with this injury, a more sensitive marker
would be ideal in clinical practice. A variety of biomarkers
including kidney injury molecule-1 (KIM-1), N-acetyl-p-D-
glucosaminidase (NAG), trefoil factor 3, cyanuric acid, cys-
tatin C, monocyte chemotactic peptide-1, netrin-1, and IL-18
have been proposed as sensitive indicators of renal injury or
failure. A KIM-1 assay is available but currently remains
restricted to research applications. Only urinary neutrophil
gelatinase-associated lipocalin (NGAL) has been made com-
mercially available for clinical application [29, 30]. Of note,
sepsis-associated-AKI patients have been noted to have
higher urinary NGAL levels compared to those with AKI
from other causes [31]. In research undertakings, a combina-
tion of biomarkers to establish a profile outperforms any
single entity in detecting acute kidney injury after cardiac
surgery, and current thinking supports establishing a panel-
based profile rather than relying on a single marker to iden-
tify AKI.

Limitations in Renal Function Assessment

Recall that the kidney has multiple functions that span, in
part, regulation of salt and water concentration, blood pres-
sure, red blood cell production, as well as nitrogenous meta-
bolic product and waste clearance. In general, clinicians only
regularly assess those related to salt and water clearance,
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with a lesser assessment (indirectly) of nitrogenous meta-
bolic product and waste handling. Less frequently, in-depth
assessments are undertaken (including on rare occasion,
renal blood flow), but there is little assessment, if ever, in the
clinical arena of hormone function (endocrine, autocrine, or
paracrine). Similarly, renal replacement therapy is generally
limited to nonhormonal functions as well. Thus, assessment
of renal function is limited at best.

Epidemiology of Acute Kidney Injury
and Acute Renal Failure

An accurate analysis of the epidemiology of acute kidney
injury and acute renal failure is hampered by a wide variety
of definitions that describe each of these entities. For exam-
ple, acute renal failure in many clinical investigations has
been defined as a doubling of baseline Scr, an Scr>2.0, the
need for renal replacement therapy (based on clinician deter-
mination, not a proscribed protocol), tripling of Scr, as well
as a function of changes in urine flow that is not necessarily
coupled with a change in Scr. As a result, comparing across
studies is difficult at best. Further complicating analysis is
the fact that the term AKI is relatively new and many patients
who were previously labeled as having ARF actually had
Stage III AKI instead [32]. In a related fashion, many terms
are used in the literature and describe the same process
including acute or chronic renal insufficiency, compromise,
or failure. Of course, an acute renal injury may also be a
structural injury as a result of trauma. The increased use of
CT scans in a wide variety of medical and surgical condi-
tions may also influence the epidemiology of AKI and ARF
by increasing the at-risk population to contrast and the well-
described radiocontrast nephropathy (RCN) that may follow,
especially in elderly patients with concomitant dehydration
and diabetes [33]. The incidence of AKI has increased in
recent years as has the survival rate of geriatric patients with
renal insults [34]. New nephrotoxic medications, including
immunosuppressives and chemotherapeutic agents, impact
the number of patients who are at risk for and develop AKI
or ARF [35-37]. Thus, the epidemiology of these two enti-
ties should be anticipated to be in flux, especially as the pop-
ulation ages [38]. Global access to, and delivery of, certain
diagnostics and therapeutics may establish a geographically
biased epidemiology for AKI and ARF as well. Thus, AKI
and ARF may occur with disparate frequency in developed
compared to developing nations.

Data on AKI and ARF epidemiology does exist for spe-
cific hospital domains, including most commonly the inten-
sive care unit. In a fashion similar to that of sepsis and acute
lung injury/acute respiratory distress syndrome, the inci-
dence of AKI that does not require renal replacement therapy
(RRT) is estimated to be 2,000-3,000 per million population
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per year [39]. In contrast, the estimates for AKI that does
require RRT are 100-fold higher at 200—300 per million pop-
ulation per year. In order to put these numbers into perspec-
tive, 4-5 % of intensive care unit patients receive RRT, and
as many as 66 % of intensive care unit patients will develop
RIFLE classification-defined AKI [39]. In-hospital mortality
strongly correlates with the maximum RIFLE class suffered
during that episode of care, as well as with progression
through each RIFLE stage of risk, injury, and failure [39, 40].
Despite therapy, RRT-requiring AKI carries a 50-60 % mor-
tality rate with up to one in five sustaining permanent dialy-
sis-dependent renal failures [39].

Certain patient populations may have a higher than popu-
lation expected risk for AKI, including those suffering from
sepsis or injury. In a large cohort of nearly 10,000 injured
patients, the crude AKI incidence was 18.1 % with a greater
than twofold increased mortality rate; advanced age, female
gender, increased number of comorbid illnesses, and a greater
illness severity all increased AKI risk [40]. Similarly, in a
study of greater than 120,000 patients, 27.8 % of septic
patients had a sepsis-related diagnosis; 42.1 % of septic
patients developed AKI [41]. Sepsis-associated AKI patients
were generally more ill, hypotensive, and tachycardic and
demonstrated lower PaO,/FIO, ratio and greater leukocytosis
compared to those with AKI of non-septic etiologies.
Increased ICU and hospital mortality as well as ICU length of
stay was also observed in those with sepsis-associated AKI
across all RIFLE categories [41]. These data have important
implications for the elderly as they are well represented in the
critically ill and injured patient populations. Specific efforts
should be pursued at mitigating known risk factors to reduce
the incidence and downstream sequelae of AKI in the elderly
after critical injury or illness. In particular, AKI predisposes
to chronic kidney disease, and the elderly with reduced GFR
appear to be at greater risk for this progression than age-
matched counterparts with normal GFR [34].

Etiology of Acute Kidney Injury
and Acute Renal Failure

The etiology of AKI is complex and multifactorial [42].
Multiple etiologies for the genesis of AKI have been pro-
posed, including, but not limited to, vasoconstriction, leu-
kostasis, venous hypertension, apoptosis, and a disordered
humoral factor milieu including hormones, growth factors,
receptors, and intracellular signaling mechanisms. Therefore,
multiple etiologies may lead to AKI or ARF. Most AKI
appears to be a toxic phenomenon rather than purely a
volume-based issue. This observation is easily understood as
the RCN that occurs in the well-perfused and volume-loaded
patient. Therefore, AKI may also not respond to plasma vol-
ume expansion with regard to hastening resolution.
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Seemingly paradoxically, AKI may be worsened by excess
volume loading as the excess salt and water (and likely starch
in patients with sepsis) may lead to renal parenchymal edema
and distorted organ pressure-volume relationships.

Unsurprisingly, therefore, both intra-abdominal hyperten-
sion and the abdominal compartment syndrome are increas-
ingly cited as etiologies for AKI and ARF [43]. Several
detailed investigations into these entities have been pub-
lished for the interested reader [44, 45]. Of note, specific
mention is made of intrarenal compartment syndrome that
may result from renal parenchymal edema (tissue edema and
venous hypertension) that may be only incompletely relieved
(tissue edema persists) even after abdominal decompression.
Thus, AKI may not dramatically or completely improve
despite relief of the abdominal compartment syndrome. It is,
however, clear that the renal structural and functional
changes detailed above place the elderly patient at increased
risk for AKI regardless of cause [46]. Nonetheless, acute kid-
ney injury and acute renal failure all directly impact acid—
base homeostasis.

Strong lons, Acute Kidney Injury,
and Acute Renal Failure

While acid-base balance has been traditionally taught using
the Henderson-Hasselbalch approach, it is occasionally
unwieldly as it is logarithmically based and requires the six
“Bostonian rules” to account for chronicity and to provide
correction of the derived data [47]. Recognizing that the
human body is complex, this scheme works well in the clini-
cal circumstance. An alternative to the imprecision of the
Henderson-Hasselbalch approach has been articulated by
Peter Stewart in 1983 that is termed the “strong ion” approach
[48]. Strong ions are cations and anions dissociated from
their ionic partners in an aqueous milieu in the physiologic
pH range. This approach equates plasma ionic charge with
pH through the influence of charge of water dissociation. A
complete exploration of the intricacies of this approach is
beyond the scope of this chapter. The interested reader is
referred to one of several thorough reviews on this topic
[49-52]. Nonetheless, this approach provides a concise
framework to both teach acid-base physiology and as a plat-
form from which to prescribe a fluid prescription.

In the strong ion approach, rendering the net plasma
charge more positive is an alkalinizing influence, and
reducing the net plasma positive charge is acidifying.
Therefore, fluids may be categorized based on charge dif-
ference relative to human plasma and their anticipated
impact on pH. Appropriate fluid selection is aided by
understanding the patient’s pre-fluid infusion pH. By way
of example, if a patient has preexisting metabolic acidosis
that is due to lactate from hypoperfusion, the choice of fluid
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may be irrelevant as plasma volume expansion should cor-
rect perfusion defects and result in lactic acid metabolism.
However, if the acidosis is from organ failure, infusing an
acidifying solution such as 0.9 % NSS may be maladaptive.
Similarly, if the patient is metabolically alkalotic, then an
acidifying solution is an intelligent approach and is well
embraced in the concept of a chloride-responsive alkalosis;
0.9 % NSS is the most acidifying solution in common use
and provides a gross excess of chloride relative to plasma.
This approach has been used in a variety of settings includ-
ing those focused specifically on the geriatric patient with
excellent outcomes [53].

The strong ion approach has also been evaluated in terms
of outcome prediction. The presence of unmeasured ions, a
specific entity that is readily ascertained by that approach,
correlates with increased mortality risk in diverse patient
populations. These populations include those with major
vascular injury, unselected but significantly injured patients,
as well as pediatric patients [54-57]. Moreover, the specific
fluid selected for resuscitation may drive unmeasured ion
generation [58]. Unmeasured ions are known to accompany
a host of critical illnesses including injury, renal failure,
hepatic failure, and following cardiopulmonary bypass
[50, 59-61]. Outcome modeling using this approach has not
been specifically undertaken in the elderly but offers a poten-
tially fertile domain for future investigation.

Conclusions

Predictable changes in renal function are to be expected
with advancing age. The clinician should be cognizant of
these expected changes as they may directly impact the
evaluation of renal function, medication dosing, fluid
selection, and the management of acute kidney injury and
acute renal failure. Recognizing that acute kidney injury
is a toxic process and not a preload-dependent phenome-
non may reduce the common practice of plasma volume
expansion for this increasingly recognized clinical entity.
The articulation of renal biomarkers may better enable the
bedside clinician to accurately identify elderly patients
with a clinically inapparent renal injury and initiate ther-
apy or protective strategies in an earlier time frame than
was traditionally possible.
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Skin, Soft Tissue, and Wound Healing

in the Elderly

David G. Greenhalgh

In the industrialize world the birth rate is down, and with
modern healthcare people are living longer so that the elderly
are occupying a much larger percentage of the population.
US census results reveal that in 2010, 24 % of the population
was greater than 55 years of age, and 13 % was greater than
65 years of age. These values are projected to be 31.1 % >55
years, 20.2 % >65 years, and 4.3 % >85 years in 2050 [1].
All practitioners are going to be exposed to more geriatric
patients, so familiarity with skin problems will become
essential knowledge. Not only are the elderly at greater risk
for skin breakdown but they also have skin changes that alter
their ability to heal. Many treatments for diseases in the
elderly (steroids, chemotherapy, and radiation) impair tissue
repair. Chronic wounds — diabetic, vascular, venous stasis,
and pressure ulcers — are much more common in the geriatric
population. Chronic wounds are a huge economic burden for
today’s healthcare and for the individual; they frequently
accompany the person for the rest of his or her life. Pressure
ulcers are considered a “never event” by governmental health
agencies that, if they occur, may lead to loss of reimburse-
ment. Since simple injuries often lead to major wounds that
fail to heal, prevention efforts are essential to reduce the bur-
den of chronic wounds in the elderly. While there are
increased problems with healing in the elderly, their wounds
can be treated and lead to successful outcomes. This chapter
will review the factors that increase the risks for wounds in
the elderly, describe the pathophysiology of chronic wounds,
and discuss prevention and describe strategies for treating
those wounds.
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Skin Changes with Aging

The skin changes related to aging are well documented in the
dermatology literature [2—7]. Typically, skin alterations due
to aging are classified into “intrinsic” and “extrinsic”
changes. Intrinsic changes are those that occur “within the
body” as part of the normal aging process and are indepen-
dent of environmental exposure. Extrinsic changes are those
alterations that are induced by environmental forces — most
notably the ultraviolet portion of the sunlight. While it is dif-
ficult to differentiate which factors are totally intrinsic versus
extrinsic, it is clear that extrinsic factors accelerate the
degenerative changes in the skin. Everyone is aware of the
changes that occur in skin that is abused by sun exposure or
just poor self-care. The skin becomes thinner, dryer, more
wrinkled, sags, and has variable pigment changes. Clearly,
sun exposure increases the risks of skin cancers of all types.
While these changes will occur with aging, good skin care,
especially protection from the sun, will slow these changes.

The structural changes of skin that occur with aging are
well documented. The epidermis tends to become thinner
with aging but thickens in response to ultraviolet light dam-
age. The dermal-epidermal junction becomes flatter. The
flattening of the normal rete pegs of the dermal-epidermal
junction weakens the resistance to epithelial shear. In other
words, the elderly are more prone to superficial wounds from
minor shear forces. There are also significant changes to the
normal skin adnexa — hair follicles, oil glands, sebaceous
glands, and other dermal appendages. Sebaceous glands are
decreased which leads to more dryness of the skin. In addi-
tion, there is decreased replacement of lipids in the stratum
corneum which interferes with the normal barrier function of
the epidermis. Hair follicles clearly change in many parts of
the body. They heal more slowly and change in distribution.
Clearly, male and female alopecia (baldness) is the most rec-
ognizable hair change, but hair follicles increase in size and
decrease in density [6].
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The significance of the dermal appendage changes is that
healing of superficial wounds is impaired. To heal a partial-
thickness wound (such as a superficial burn or blister), the
dermal appendages are required. Normally, reepithelializa-
tion takes place in two areas of the skin, the edge of normal
skin and from dermal appendages [8]. At the edge of the
wound, the basal cells of the bottom layer of the epidermis
are stimulated to migrate across the wound by three factors:
loss of cell-cell contact, stimulation by growth factors (epi-
dermal growth factor, transforming growth factor-a, and
keratinocyte growth factors 1 and 2), and contact with pro-
teins of the exposed wound (fibronectins, collagen type 1).
Migration from the original wound edge stops after around
1-2 cm in a full-thickness wound, and the remainder of the
closure is by contraction. In a superficial wound, epithelial
migration also occurs in the epithelial cells of the dermal
appendages, especially hair follicles. The higher the hair fol-
licle density in a wound, the faster it can reepithelialize. As
an example, if a hair-bearing scalp is used as a split-thickness
skin graft donor site, it will heal within 4-5 days. If the skin
adnexa are sparse in number, such as occurs in a lower leg
with impaired circulation, then healing may take weeks.
Thus, the problem with the decreased density of dermal
appendages in the elderly is that their ability to reepithelial-
ize a wound is impaired. I have observed very superficial
wounds in a hairless, elderly patient that never reepithelial-
ize and thus are said to “convert” to full-thickness. They did
not “convert” but instead had no ability to reepithelialize.

There are significant dermal changes in the skin due to
aging. The dermis is also the main target of ultraviolet light
damage [2]. With increasing age there is a decrease in dermal
cells (macrophages, fibroblasts, mast cells) and a decrease in
antigen-presenting cells (Langerhans cells) which results in
a decrease in the immune function. The dermis becomes
thinner and the collagen becomes less organized. The colla-
gen molecules actually become larger but have more frag-
mentation and less orientation along lines of stress. The
activation of matrix metalloproteinases by ultraviolet light
exposure may contribute to these collagen molecule changes.
This degradation in collagen is reflected in studies which
demonstrate that the tensile strength of skin is decreased
with age [9]. The dermal hydration decreases, and while the
amount of elastin changes little, it becomes more fragmented.
Thus, skin becomes less elastic, more wrinkled, and more
prone to tearing or lacerations. Everyone knows that with
aging comes looser skin that sags with gravity. While looser
skin is considered undesirable in our society, it does benefit
the healing of the elderly with small full-thickness wounds.
These wounds heal by contraction so that the loose skin
tends to not interfere with this process as it would in a
younger person. Tension tends to interfere with wound con-
traction, so the process may be augmented with looser skin.
Clearly, contraction can lead to contractures if it occurs over
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functional areas such as joints. Since looser skin allows for
closure with less tension, the elderly have a lower risk for
contracture. In other words, allowing a wound to contract
may be an alternative to surgical repair.

Besides the actual structural changes to the skin, there is a
generalized decrease in sensation, decreased vascularity, and
impaired lymph flow with aging. The sensory changes occur
in a distal to proximal fashion and are especially related to
decreased cold/warm sensory abilities [10]. There are actual
decreases in the density of thermal sensory receptors, and
some suggest that there is a decrease in peripheral nerve den-
sity. Studies suggest that there is altered angiogenesis associ-
ated with decreased cutaneous vascular reactivity [2-7]. In
response to sun damage, there may be an increased angiogenic
response, but the new vessels are more disorganized and more
prone to leaking proteins. With impaired lymph flow there is
an increase in edema — which impairs healing. In addition,
impaired lymphatic function decreases the ability to fight
infections or contract wounds. There are obvious pigment
changes that occur in skin with aging. Melanocytes decrease
in numbers, but with ultraviolet light exposure, there are more
spotty areas of hyperpigmentation. Many cells develop muta-
tions that alter local areas leading to “age spots” such as kera-
toses and nevi. While not covered in this review, skin cancers
increase with aging. All of these changes are accelerated with
sun exposure. In addition, increased bruisability from the use
of antiplatelet drugs or anticoagulants will often lead to pig-
ment changes from the retained heme products.

Finally, changes beneath the skin contribute to the risk of
skin injury in the elderly. There is a tendency to lose muscle
mass from either decreased exercise or activity. Fat stores are
often (but not always) reduced with aging. These changes are
clearly accelerated with malnutrition — a factor that impairs
wound repair. The significance of these changes is that the
loss of padding tends to expose bony prominences to
increased pressure and chronic breakdown. Incontinence of
urine or stool increases the risk for maceration which
increases the risk of shear injury. As people age, they become
slower in their ability to respond to a dangerous situation.
Their reflexes tend be slower so that they have more diffi-
culty escaping an injury. I have observed many elderly
patients who were unable to extinguish flaming clothing or
escape scalding water. This slowing of reflexes and an
impaired ability to respond to injury lead to more extensive
and deeper wounds. We know from burn studies that the
elderly have a much lower ability to tolerate large wounds,
so a small injury can be fatal. Finally, people at the extremes
of ages become more dependent on others for care. An unfor-
tunate consequence of this unwanted dependency is that
there is an increase in the risk for elderly abuse. One must
always be wary if an injury does not fit the “story” of how it
occurred. Just as for children, caregivers are obligated to
report suspected abuse.
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Diseases of the Elderly Affecting
Wound Healing

Fortunately, healing processes remain fairly normal in
healthy people until the extremes of ages. Since many
elderly take good care of themselves, they tolerate surgery
and minor injuries quite well. It is important to recognize,
however, the factors or diseases that impair tissue repair.
These inhibitors of wound healing affect all age groups, but
they are, unfortunately, more common in the elderly popula-
tion. One must be aware of these factors that may delay or
prevent healing if he or she is planning surgery or treating a
wound.

Malnutrition

Studies have shown for over 100 years that malnutrition
impairs wound healing [11-14]. The impairment exists with
total protein/calorie (marasmus) malnutrition or with protein
(kwashiorkor) malnutrition. Simply, if one holds nutritional
support at the time of wounding, a marked impairment in
tensile strength will result within 1-2 weeks [15]. The clini-
cal significance of malnutrition relates to the risks of compli-
cations with surgery such that if a patient has lost weight
from a malignancy or from an inability to eat, then there is a
much higher risk for dehiscence. The hidden side of this
healing impairment is that altered healing could lead to a
bowel anastomosis leak which in turn, may lead to an
abscess. Since the metabolic reserve is reduced in the elderly,
this complication of failing to heal often leads to sepsis, mul-
tiple organ dysfunction syndrome, and ultimately death. The
clinician can reduce complications by assessing the nutri-
tional status of the elderly and providing supplemental nutri-
tion prior to surgery. In addition, an aggressive approach to
perioperative nutrition may make the difference between
normal healing without complications and a rocky course
and ultimate death.

There are some vitamins and micronutrients that influ-
ence tissue repair. Vitamin C is essential for the hydroxyl-
ation of proline or lysine in the formation of normal
procollagen triple helices [16]. When there is a deficiency,
collagen is not properly produced, and people may suffer
from scurvy. Since there is a balance between collagen for-
mation and breakdown during the maturation phase of scar
formation, recently healed wounds may break down. In addi-
tion, vitamin A has been found to augment tissue repair [17,
18]. Several minerals such as zinc [19, 20] and copper [20]
are essential for normal healing, and when they are deficient,
problems may result. We have noted that patients with sub-
normal copper levels have impaired healing of their burn
wounds [21]. A deficiency in arginine may also lead to
altered tissue repair [22].
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Diabetes Mellitus

Diabetes mellitus is a major cause of healing problems in
people of all ages [23-25]. Since the disease is seen more
commonly in the elderly, it is important to know its impact
on tissue repair. Some statistics are important to emphasize
its impact on the development of chronic wounds. Twenty
percent of hospital admissions in diabetes are related to
wound healing problems. Twenty-five percent of diabetic
patients will have a foot ulcer during their lifetimes, and
50 % of all nontraumatic amputations are related to diabetes
mellitus. A common scenario is that a diabetic patient will
not notice a pebble in their shoe due to their impaired sensa-
tion. This will create a small wound that goes unnoticed, and
eventually a wound is noticed and not properly treated.
When the patient finally seeks care, the wound is infected
with purulence tracking up the fascial planes of the foot. This
patient often presents with cellulitis or invasive infection
that leads to an amputation.

Even if a wound is detected early, tissue repair is signifi-
cantly impaired. As an example, Margolis reviewed several
clinical trials that tested treatments for diabetic ulcers [26].
He collected the “controls” which received “standard” treat-
ment. What he found was that only 31 % healed within 20
weeks of aggressive therapy. It is likely that the two-thirds
that did not heal stayed open for the remainder of their lives.
There are several reasons why tissue repair is impaired in
patients with diabetes mellitus [23-25]. First of all, periph-
eral vascular disease is increased in this population.
Diabetics not only suffer from macrovascular disease but
also from microvascular disease where there is thickening of
the capillary basement membrane. This microvascular dis-
ease leads to impaired delivery of oxygen and nutrients from
an increase in edema which impairs diffusion. This process
also impairs leukocyte migration into the wound. If the
patient suffers from renal disease, healing is inhibited further
by uremia and its resulting edema [27].

The second factor that contributes to alter healing in dia-
betes mellitus is its tendency to cause peripheral neuropathy.
Loss of sensation progresses from distal to proximal in the
extremity so that the feet are usually involved first. As stated
earlier, people with neuropathic feet do not sense injury, and
thus minor injuries tend to worsen or go unrecognized by the
patient. We have recently reviewed our 10-year experience
with diabetics who burn their feet [28]. It is common for
them to walk outside on hot pavement or try to warm their
“cold” feet with hot water or by placing them near space
heaters. We admitted 68 patients with thermal injury to their
feet during that period, and the incidence is increasing. As
for other types of diabetic wounds, the patients admitted for
burns to their feet tended to have prolonged hospital stays
and frequent graft failure. Another often unrecognized
consequence of neuropathy is that the foot loses its normal
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feedback to maintain the arch. The foot thus tends to flatten
which leads to increased pressure on the first or second meta-
tarsal head. The classic diabetic foot ulcer is a wound that is
on the plantar surface on the first or second metatarsal head.
The final consequence of neuropathy is that with loss of nor-
mal sympathetic innervation, the skin loses its ability to
sweat and thus tends to dry and crack. These cracks may then
be a site for infection.

There is an increased risk for infection for wounds that
form in the diabetic patient. It is well known that hyperglyce-
mia leads to an impaired ability to fight local infection. There
are also studies that suggest that leukocyte migration and func-
tion is impaired. The impaired ability to fight infections pre-
disposes diabetics to a higher risk for amputation. In addition,
there are several metabolic factors that may contribute to
impair healing that are covered in other reviews [25, 29]. One
interesting concept is that hyperglycemia may lead to deposi-
tion of glucose by-products known as advanced glycosylation
end-products (AGES) in the tissues. There are “receptors for
advanced glycosylation end-products” (RAGES) that det