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Preface

The “aging tsunami” is on us. This is no longer aWestern or a developed world problem, but
a global problem. Elderly patients, especially those who are more than 80 years old, are one
of the fastest growing segments of the population. Population demographics are changing,
and the proportion of elderly patients who are being treated for critical illness continues to
increase rapidly. Increasing numbers of elderly patients are undergoing surgical procedures
that decades ago would have been considered prohibitively high risk and would not be
offered to elderly patients. Thus many elderly patients require intensive monitoring and
postoperative care in critical care units.

Geriatric patients develop significant physiologic changes with aging, including an
increased incidence of frailty and diminished physiologic reserve. Complicating the care
of geriatric patients are concurrent multiple comorbidities and a high rate of polypharmacy.
Elderly patients are more likely to develop chronic critical illness and cognitive dysfunction
and to consume significant healthcare resources. Recovery from critical illness not only
implies physical recovery and survival but also successful return to baseline function and
quality of life. Unfortunately, many elderly patients are unable to achieve these goals after
acute illness.

This book addresses special considerations in geriatric patients who require critical care.
It addresses topics related to chronic critical illness, pharmacologic considerations, immu-
nologic considerations, cognitive issues, and organizational concepts necessary to an ideal
geriatric critical care unit. The editors hope that this book will be a useful resource for
practitioners and will foster further investigation and the development of evidence-based
guidelines focused on the management of geriatric critically ill patients.

ix
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Chapter

1
Epidemiology of Critical Illness
in the Elderly

Kristin Oliveira and Linda L. Maerz

Key Points

• Caring for the aging population is one of the most important challenges of the
twenty-first century. A key component of medical care delivery in the elderly is the
provision of critical care services.

• In addition to chronologic age, disability, comorbidity, and frailty are components of
defining the elderly population. Frailty is a clinical syndrome characterized by
multiple factors, including weight loss, fatigue, weakness, low activity level, slow
motor performance, balance and gait abnormalities, and cognitive decline.
A combination of age, function, and social definitions is key to precisely defining the
elderly population.

• The demographics of the global and US populations have changed dramatically over
the course of the last two centuries as a consequence of demographic transition,
which defines a transition in a population from high birth and death rates to low birth
and death rates as a result of economic development.

• The world population reached 7.3 billion in 2015 and has aged at unprecedented
rates. By 2050, the number of elderly in the world will, for the first time in history, be
greater than the number of young individuals.

• The sharp increase in the US birth rate between 1946 and 1964 is termed the baby
boom. This has resulted in a drastic shift in the age distribution of the population.
In 2015, the median age in the United States was 37 years, and it is estimated that this
will increase to 42 years by 2050. Conversely, the total fertility rate in the United
States has been declining and was 1.89 in 2015. Therefore, the growth rate of the
elderly population is far higher than that of the younger population.

• Chronic medical conditions are expensive to treat. Multimorbidity is the presence of
two or more chronic diseases and is common in the elderly, with a prevalence of 40 to
80 percent. It has a substantial impact on mental health, quality of life, and overall
health outcomes and is associated with a significant increase in mortality. Disability
in the elderly may have an even greater impact on mortality than multimorbidity.

• The elderly population comprises an increasing proportion of patients admitted to
intensive care units (ICUs), and the mortality rate for these patients is high. Equally
important is the significantly decreased physical function and overall health of ICU
survivors.

1
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• The United States spent nearly $3 trillion in healthcare expenses in 2014, which is
17.5 percent of the gross domestic product (GDP), a percentage higher than that of
any other country. The elderly use a large portion of the total healthcare expenditure
in the United States due to the high hospitalization and institutionalization rate.
Healthcare spending increases proportionally with age.

• Areas of opportunity for improvement in the allocation of healthcare resources to the
elderly include enhanced awareness and education, studies that precisely define and
stratify the elderly, and changing focus from survival to mitigation of cognitive
impairment, improvement in quality of life, and an increase in functional autonomy.
Identification of the best approach to provide multidisciplinary care ranging from
surgical and critical care to palliative care in a manner that enhances communication
and achieves desired outcomes will improve the quality of care and reduce healthcare
expenditures.

Introduction
Caring for the aging population is one of the most important challenges of the twenty-first
century. Media outlets, political figures, books, and television programming frequently
elaborate on the difficulties the world will face as the age of the population increases [1].
Studies also indicate that not only are people living to an older age, but they may also have
an increased number of quality years, as defined by better cognitive function and self-
perceived health at the end of life [2]. Therefore, the aging population has become a topic
that deserves attention from the medical community.

As the population age increases, so does the body of medical literature examining the
best medical practices to care for the elderly. However, to understand the literature, wemust
first define the elderly population, evaluate the impact this population has on the medical
system, and understand its significance in the current medical culture. A key component of
medical care delivery in the elderly is the provision of critical care services.

Definition of the Elderly
In order to understand the unique complexities of the elderly patient, we must first define the
elderly population. One way to define elderly age is based on lifespan. In nineteenth-century
Britain, the Friendly Societies Act defined old age as “any age after 50.”At that time, the average
life expectancy at birth was only 47.3 years. Therefore, population groups older than 50 years of
age represented aminority of the population [3]. Today, most epidemiologists would argue that
the definition of the elderly should be fluid and adjusted in accordance with the ever-increasing
life expectancy. According to the Centers for Disease Control and Prevention (CDC), the
expected lifespan for Americans at birth in 2013 was 78.8 years, which is a two-year increase
from the year 2000 [4]. As healthcare continues to change and life expectancy continues to rise,
it becomes necessary to use a metric other than chronologic age to define the elderly.

Medicare Definition
President Johnson passed the Medicare law under Title XVIII of the Social Security Act in
1965. Medicare aimed to provide health insurance to the elderly (people 65 years of age and
older) regardless of their sociodemographic status [5]. Because of the significant impact this
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act had on the medical world, and because of the large number of patients covered by
Medicare, much of the medical literature defines elderly age using the chronologic age of
65 years or older. Medicare covered nearly 40 million elderly individuals in 2010 and
financed an estimated 15.3 million hospital admissions in 2011, which accounted for almost
47 percent of the total inpatient hospital costs in the United States in 2011 [6].

Global Definition
According to the World Health Organization (WHO), 71 years was the average life
expectancy of the global population in 2013. However, the average life expectancy in
developing countries is as low as 50 years [7]. Most developed countries use the age of 65
years as the cutoff to define an older person, but in developing countries this definition does
not necessarily correlate.

Aging is a chronologic biologic certainty, but it is also subject to the social constructs of
cultures. In developed countries such as the United States, chronologic age plays
a paramount role. However, in developing countries, the change in social roles plays a far
more important part in defining the elderly [8]. In most developed countries, 60 or 65 years
is the age of retirement and is therefore often the cutoff for the definition of old age.
In contrast, in developing countries, where retirement is less common, social roles and
loss of social station due to physical decline play a far more important part in dictating the
definition of old age. Therefore, in developing countries, old age commences at the stage of
life where one is no longer able to contribute to one’s assigned role in society [9].

Frailty or Biologic Age
In developed countries such as the United States, there has historically been inconsistent
correlation between chronologic and physiologic age. Multiple attempts have been made to
categorize patients as elderly based not only on their age but also on their functional status.
Fried et al. distinguishes between disability, frailty, and comorbidity by defining frailty as
a clinical syndrome characterized by multiple factors, including weight loss, fatigue, weak-
ness, low activity level, slow motor performance, balance and gait abnormalities, and
cognitive decline [10]. While many studies have attempted to create an index to predict
biologic age based on frailty, comorbidity, and disability, none have completely captured the
complexity that defines the elderly patient [11]. A study by Jacobs et al. evaluated a large
cohort of elderly patients who had a favorable overall health profile at the age of 70 years but
had progressive deterioration at the age of 78 years and older and more profoundly so at the
age of 85 years and older [12]. As a consequence of these data, many suggest that a cutoff of
70 years of age may be a better definition of the elderly; however, there is still a need for
further research to differentiate between the aging process and disease morbidity [13].

Because of the varying perspectives pertaining to the definition of the elderly, most
would agree that a simple characterization such as age or functional status does not answer
the complex question of the definition of old age. It may be more appropriate to use
a combination of age, function, and social definitions.

Demographics of the Aging World
Demography comes from the two Greek words, dēmos, which means “the people,” and graphō,
which means “measurement.” Historically, demography has been defined as the study of
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changes in human populations over time [14]. The global population has changed dramatically
over the last two centuries as a consequence of demographic transition. This concept, described
by Warren Thompson, defines a transition in a population from high birth and death rates to
low birth and death rates as a consequence of economic development [15]. Pre-industrialized
societies have high birth rates because children can contribute to individual household
economy. In these societies, however, mortality remains relatively high. Accordingly, the
population of the pre-industrialized society is predominantly young. Conversely, as countries
begin to industrialize, death rates decline due to improved health and augmented resources.
As a consequence, the populations of industrialized countries grow exponentially. Birth rates
eventually decrease in post-industrialized societies given improved access to contraception,
urbanization, and literacy and increased rates of employment in women. Subsequently, the age
distribution in post-industrialized societies shifts to a predominantly elderly population [16].

Global Aging
According to the UN World Population Prospects in 2015, the world population reached
7.3 billion, an increase of nearly 1 billion over the last 12 years [17]. It is estimated that the
world population is growing at an average rate of 1.18 percent per year [18]. Population
growth has been particularly high in the least developed countries; continents with high
fertility rates, such as Africa, have had the highest rate of population growth in the last
decade (2.5 percent annually) [17].

Given the increased number of industrialized countries in the world, the population has
aged at unprecedented rates. Predictably, over the last 10 years, life expectancy has increased
globally by 3 years (from 67 to 70 years). The greatest increase in life expectancy occurred in
Africa. However, this increase is still significantly lower than the North American life
expectancy (60 versus 79 years) [17]. As a result of increased life expectancy, the population
group older than 60 years of age has had the largest annual growth rate at a global level
(3.2 percent per year), nearly three times that of the population as a whole [17]. In 2015, the
United Nations reported that globally, there were 901 million people older than 60 years of
age, which comprised nearly 12 percent of the world population. The United Nations
estimates that by 2050, the number of elderly in the world will, for the first time in history,
be greater than the number of young individuals.

National Aging
The United States has seen similar changes in the age structure of its population. After
World War II, there was a historic increase in the annual birth rate, with 3.4 million babies
born in 1946, 20 percent higher than the year before. The sharp increase in the birth rate was
maintained for nearly 18 years, until 1964, at which point there had been 76 million babies
born [19]. This sharp rise in the American birth rate has been termed the baby boom.
As a consequence, the age structure of the population has been continuously and drastically
shifting. In 2015, the United Nations reported that the median age in the United States was
37 years, seven years higher than that in 1980. It is estimated that the median age will
continue to increase to 42 years in 2050. According to the most recent US Census of 2010,
the median age in the United States varies substantially based on both geography
and gender. Northeastern states have the highest and western states the lowest median
age (39.2 versus 35 years, respectively).Women have the highest median age throughout the
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country [20]. Accordingly, life expectancy in the United States has increased from 75 years
in 1990 to 79 years in 2015.

In contrast, in United States the total fertility rate (average number of children per
woman) has been slowly declining. In 2015, the total fertility rate in the United States was
1.9, 8 percent lower than that documented in 2005. It is estimated that the United States has
one of the lowest fertility rates in the world [21]. As expected, these data have substantial
ramifications for the age distribution. According to the 2010 US Census, the population of
Americans under 18 years of age comprised up to 24 percent of the population, with annual
growth rates of 2.6 percent per year. In contrast, the 65 years of age and older population
comprised only 13 percent of the total population but had a growth rate nearly six times
higher than that of the population group younger than 18 years of age [20].

Outcomes and Trends
Many studies have documented the increased prevalence of chronic medical conditions and
lower physiologic reserve in the elderly compared with their younger counterparts [22].
The cost of treating chronic conditions is close to five times higher than that of nonchronic
illnesses [23]. Kodner et al. suggest that treatment of chronic diseases represents the highest-cost
and fastest-growing segment of US healthcare [24]. Multimorbidity, the presence of two or
more chronic diseases, is becoming common among the elderly, with a prevalence of 40 to
80 percent, which is eight times higher than the rate seen in the younger than 19 years of age
group [25]. Cognitive impairment and cardiovascular disease are the most common disorders
among the elderly. In the elderly population, the prevalence of chronic neurologic disorders
increases proportionally with age, beyond that seen with cardiovascular disease, with the oldest-
old (>85 years of age) having a prevalence of neurologic disorders as high as 36 percent [26].
Many studies have demonstrated that multimorbidity has a substantial impact on mental
health, quality of life [27, 28], and overall health outcomes in the elderly population [29].
Multimorbidity in the elderly population has been associated with substantial increases in the
risk of mortality, with some studies reporting risks as high as 53 percent [30]. However, more
important than comorbidity is the impact of disability on quality of life andmortality among the
elderly. According to themost recent CDC estimates, nearly 36 percent of persons older than 65
years of age have evidence of disability [31]. Several studies have demonstrated that disability
plays an important role inmortality in the elderly. Landi et al. suggest that the effect of disability
on the risk of death was higher than, and independent of, multiple comorbidities. However, the
combination of bothmultiple comorbidities and disability greatly increases the risk ofmortality
in this population group [32].

Outcomes in Critical Care
The elderly population comprises an increasing proportion of the patients admitted to
ICUs. Approximately one-half of all patients admitted to the ICU are over age 65, even
though this same age cohort comprises only approximately 12 percent of the population
[33]. Despite advances in medical and surgical care, the mortality rate for elderly patients
admitted to the ICU is unacceptably high. A study by Tabah et al. demonstrated that the
one-year mortality rate was 67 percent in the subgroup of elderly patients being admitted to
the ICU for unscheduled surgery [34]. Consistent with these results, de Rooij et al. demon-
strated that the one-year mortality rate for both medical and unplanned surgical admissions
in the elderly was 89 percent [35].
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Equally important is the consideration of how patients who survive their ICU admission
will function after discharge. Roch et al. suggest that the two-year mortality rate of patients
over 80 years of age who are admitted to the ICU remains unacceptably high compared with
the general population. Approximately 50 percent of the elderly discharged from the
hospital after their ICU stay were not be alive after two years. Moreover, the physical
function and overall health of the survivors were significantly decreased compared with
younger populations [36].

Cost of Elderly Healthcare

The ratio of dependent people (children <18 years of age and adults >64 years of age) to
100 working-age people (18 to 64 years of age) is termed the age-dependency ratio. This
can provide estimates of the economic burden the nonworking population places on the
working population. In the United States, the total age-dependency ratio dropped from
2000 to 2010 (61 to 59), signifying that there were 2.7 fewer “dependent-age” people for
every 100 working-age people [37]. However, these calculations include both the young
and the elderly. The youth age-dependency ratio (<18 years of age) is not expected to
increase significantly in the next two decades. However, all the baby boomers will have
transitioned to the elderly population over the course of the next two decades.
As a consequence, the elderly age-dependency ratio (>64 years of age) is projected to
climb rapidly from 22 to 35 in the next two decades [38]. The anticipated increase in
the elderly age-dependency ratio is of particular concern in the context of rising
healthcare costs in the United States. According to the most recent estimates from
the Centers for Medicare and Medicaid Services (CMS), the United States spent nearly
$3 trillion in healthcare expenses in 2014, a historical high. This represents approxi-
mately 17.5 percent of the US GDP, higher than for any other country in the
world [39].

The elderly use a large portion of the total healthcare expenditure in the United States.
This is primarily due to the high hospitalization and institutionalization rate among the
elderly. Rice et al. suggest that in any given year, 20 percent of the elderly will be hospita-
lized, and almost a quarter of the elderly will become institutionalized in a nursing home
during their lifetimes [40]. According to the CDC, close to 96 percent of the elderly
population incurs some healthcare expense every year. CMS estimated that in 2010, the
healthcare spending for people older than 64 years of age was $18,424 per person, which is
five times higher than the spending per child ($3,628) and three times higher than the
spending per working-age person ($6,125) [41].

The increases in healthcare spending increase proportionally with age, nearly doubling
between 70 and 90 years of age and peaking at age 96 before tapering off. The mean
Medicare spending per person in 2011 was more than double for individuals 96 years of
age compared with those 70 years of age ($16,145 versus $7,566, respectively) [42]. Among
the elderly, the oldest-old (those ≥80 years of age) comprised 24 percent of the Medicare
population and up to a third of total Medicare spending. In contrast, the younger elderly
(aged 65 to 69 years) comprised 26 percent of the Medicare population and only 15 percent
of Medicare spending [43]. These spending patterns are of particular concern given the
disproportionate growth of the oldest-old. It is estimated that from 2010 to 2050, the
US population aged 65 and older will nearly double, but the population aged 80 and older
will triple [44].
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Assuming no drastic changes in the mortality rate of the elderly, it is uniformly accepted
that the total cost of healthcare for the elderly will continue to increase. The Agency for
Healthcare Research and Quality (AHRQ) estimated that the total healthcare expenses for
the elderly in 2011 were $414.3 billion, which was over $100 billion higher than inflation-
adjusted expenses for 2001 [45].

The demographic transition that began in both the United States and the world in the
nineteenth century continues to have an impact on the age structure of the world.
The increasing life expectancy and decreasing fertility rates have drastically modified the
age distribution of all countries. The unprecedented reversal in the proportion of young and
older population groups will continue to have significant ramifications for healthcare
spending and the economies of both developing and developed countries.

Areas of Opportunity for Improvement
Given the staggering statistics regarding the increased numbers of the aging population, it is
important for the medical community to focus efforts on improving healthcare for the
elderly. Some of the promising areas of opportunity for improvement include awareness
and education, studies to define and stratify the elderly more precisely, and a changing focus
from survival to mitigation of cognitive impairment, improvement in quality of life, and
increases in functional autonomy.

Currently, there is a paucity of data on clinical outcomes in very elderly population (>80
years of age) because many of the previous studies have categorized the elderly as anyone
over the age of 65. Many new studies, however, now focus attention on the stratification of
age and the difference in needs and outcomes for those individuals who are extremely
elderly, the very elderly, and the eldest elderly. The exact ages at which these terms are used
varies by study and may apply to individuals older than 70 to 90 years of age [46]. As the
population continues to age, it will become increasingly important to define the extreme
elderly and to focus research on the specificmedical needs and prognoses of this population.

Another area of opportunity for improvement is in the culture of clinical practice, where
the focus has traditionally been on improving disease-specific outcomes. Much improve-
ment and data are needed to encourage the shift of focus to overall and long-term goals.
As mentioned earlier, mortality for older patients after discharge from the hospital is
substantial, and morbidity of the survivors is unacceptably high. Several studies have
emphasized the importance of counseling to help prepare patients and families for the
difficulties they will face once patients leave the hospital [36]. Equally important is educa-
tion and preparation for end-of-life discussions in this high-risk group. Literature is
emerging to develop guidelines to identify patients who benefit most from palliative care
services in the ICU [47]. It will become increasingly important to identify the best approach
to provide multidisciplinary care ranging from surgical and critical care to palliative care in
a manner that enhances communication and achieves desired outcomes.

Conclusion
The aging of the population in the United States and worldwide will have a substantial impact
on healthcare and will create many new challenges and opportunities for medical profes-
sionals. The medical community must embrace the changing demographics of our patient
populations and focus our efforts not only on improving the life expectancy of our patients
but also on improving the quality of life and care, especially for those in the later decades of
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life. We look forward to the growing body of literature focused on the older population,
which will allow us to better understand the very specific needs and concerns of this unique
population. It is important to remember that most persons will at some point become elderly,
and clinicians should embrace the mentality espoused by Tia Walker in her book about
caregivers, “[t]o care for those who once cared for us is one of the highest honors” [48].
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Chapter

2
Chronic Critical Illness in Geriatric
Patients

Amit Bardia and Shamsuddin Akhtar

Key Points

• Chronic critical illness is used to describe patients who survive the initial acute
episode of critical illness but persistently remain dependent on intensive care.

• It is typically defined as need for mechanical ventilation for more than 6 hours
per day for more than 21 consecutive days with concurrent neurologic changes,
endocrine alterations, muscle wasting, predisposition to infection, and changes in
body composition, including loss of lean body mass.

• Elderly patients are especially vulnerable to develop chronic critical illness, with its
prevalence peaking from 75 to 79 years of age.

• Chronic critical illness involves systemic derangement of immunologic function,
persistent inflammation, neurocognitive issues, endocrine imbalance, malnutrition,
and muscle wasting.

• Due to elevated levels of catecholamine and glucocorticoids, the metabolism is
shifted to the catabolic phase. There is a marked decrease in the pulsatile secretion of
anterior pituitary hormones.

• A majority of critically ill patients suffer from neuromuscular weakness, which is
broadly classified into critical illness polyneuropathy (CIP), critical illness myopathy
(CIM), and combined CIM/CIP.

• Despite the significant burden on the healthcare system afforded by chronic critical
illness, there is a lack of guideline-based recommendations regardingmanagement of
this patient cohort.

Introduction
Over the last few decades, with significant advances in the field of critical care, the overall
mortality of acutely critically ill patients has decreased. These advances include life-
sustaining measures that provide artificial support to organs while the patient is recovering
from the acute insult [1]. However, a new patient population has emerged that remains
dependent on intensive services for their survival for prolonged periods of time. This
population is referred to as chronically critically ill.

The term chronically critically ill was first used by Girard et al. in 1985 to describe
patients who survived the initial acute episode of critical illness but persistently remained
dependent on intensive care [2,3]. Despite wide recognition of this syndrome, there seems
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to be a lack of consensus regarding its concrete definition [4]. However, most experts agree
that prolonged mechanical ventilation, defined as the need for mechanical ventilation for
more than 6 hours per day for more than 21 consecutive days, is a hallmark of this disease
[1,5]. Other manifestations of this syndrome include neurologic changes, endocrine altera-
tions, muscle wasting, predisposition to infection, and changes in body composition,
including loss of lean body mass.

Epidemiology

With improving survival from acute critical illness, the overall incidence of chronic critical
illness (CCI) is on the rise. According to recent estimates, CCI has an overall population-
based prevalence of 34.4 per 100,000 [6]. Elderly patients are especially vulnerable to
develop CCI, with its prevalence peaking from 75 to 79 years of age. There is a decline of
CCI among patients older than 80 years because of a higher early mortality among otherwise
eligible patients (Figure 2.1).

Chronic critical illness incurs a tremendous clinical and financial burden, with estimated
healthcare cost of $10 billion [7]. Despite meticulous and highly skilled care, CCI is
associated with poor long-term survival [8], with 20 percent of surviving patients having
residual physical and cognitive impairments and less than 10 percent ever returning home
after hospitalization [9]. Moreover, with a rise in the aging population and improvements in
management of acute illnesses, the incidence of CCI is expected to increase further [10]. Not
surprisingly, CCI has been receiving increasing attention from researchers, healthcare
providers, and health policymakers. However, strategies to prevent and improve outcomes
in patients with CCI still remain clinically challenging.
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Figure 2.1 Age-specific population-based prevalence of CCI (dark line) and CCI-eligible conditions but with death
prior to 8 days (dashed line). Data are for the five-state sample, all years. (Source: From Kahn et al. [6].)
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Pathophysiology of Chronic Critical Illness
It is estimated that between 5 and 10 percent of patients with acute critical illness who
require mechanical ventilation progress to CCI [3,11,12]. The presence of declining baseline
organ function and multiple comorbidities predisposes geriatric patients to prolonged
mechanical ventilation and CCI. Although various risk factors [11,13–15] and models
[12,16,17] for predicting prolonged mechanical ventilation have been described, their
applicability in the geriatric population remains to be validated. Additionally, there are
no biomarkers to predict CCI. CCI involves systemic derangement of immunologic func-
tion, persistent inflammation, neurocognitive issues, endocrine imbalance, malnutrition,
and muscle wasting.

Persistent Inflammation, Immunosuppression, and Catabolism
Patients who develop CCI show signs of persistent systemic inflammatory state. They
develop a dysregulated response after an acute insult, which leads to the release of pro-
inflammatory cytokines such as interleukin-6 and interleukin-8, which continue to be
elevated even after resolution of the initial insult [9]. There are persistently increased levels
of circulating glucocorticoids, catecholamines, and prostaglandins, leading to further
amplification of the inflammatory milieu.

Enhanced levels and prolonged inflammation lead directly to immunosuppression [18].
There is a marked downregulation of antigen receptors at the cell surface and cell signaling
pathways, chemotaxis, antigen presentation, and phagocytosis, which hamper the efficacy of
the immune response [19–23]. Not surprisingly, CCI patients have been shown to have
absolute lymphocyte depletion, decreased antibody per bound cell, and T-cell downregula-
tion, which manifest clinically as an increased incidence of pneumonia and other nosoco-
mial infections [24].

Due to elevated levels of catecholamine and glucocorticoids, the metabolism is shifted to
the catabolic phase [25,26]. This leads to a profound change in body composition and
a reduction in lean body mass despite adequate nutritional supplementation [27].

This model of maladaptive body response leading to persistent inflammation, immu-
nosuppression, and catabolic syndrome (PICS) was proposed by Gentile et al. [28]. They
proposed that a patient meets PICS criterion if residing in the intensive care unit (ICU) for
at least 10 days and having persistent inflammation defined by a C-reactive protein
concentration of greater than 150 μg/dl and a retinol-binding protein concentration of
less than 10 μg/dl, immunosuppression crudely defined by a total lymphocyte count of less
than 800/mm3, and a catabolic state defined by a serum albumin concentration of less than
3.0 g/dl, a creatinine height index of less than 80 percent, and weight loss greater than
10 percent or body mass index (BMI) less than 18, during the current hospitalization.

Geriatric patients are extremely susceptible to developing PICS. They have a abnormal
inflammatory state at baseline, often referred to as inflamm-aging [29], and are particularly
prone to this dysfunctional cytokine response after an acute insult [30]. This is further
exacerbated by immunosenescence, which is characterized by multiple immune-related
disorders concomitant with aging [31] (see Chapter 10). It includes decreased number of
Langerhans cells, impaired neutrophil and macrophage function, decreased T-cell activa-
tion, and decreased cytotoxicity by natural killer (NK) cells [32–38]. Finally, underlying
nutritional deficiencies in the elderly are further exacerbated by this state of catabolism
accelerating sarcopenia and leading to cachexia [27] (Figure 2.2).
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Clinical Manifestations
In addition to respiratory failure requiring prolonged mechanical ventilation, this syn-
drome is characterized by a distinct pattern of multiorgan dysfunction. This includes
neurologic changes, endocrine alterations, myopathy, loss of lean body mass, and increased
susceptibility to infection.

Neurologic Changes
Most patients with CCI suffer from severe neurocognitive dysfunction, with half the
survivors being comatose or delirious at hospital discharge [39]. Of these, a majority
continue to have neurocognitive deficits at six-months (79 percent) and one-year (71 per-
cent) follow-up [40]. In addition to delirium, neurocognitive issues in patients with CCI
include impairments in attention, memory, and executive function [41]. Elderly patients,
those with a longer duration of delirium in the acute phase and increased severity of illness,
and those affected by multiple complications constitute the patient population at highest
risk of developing brain dysfunction [41,42]. Patients with advanced age often have pre-
existing neurocognitive issues, altered pharmacodynamics, and coexisting diseases, which
increase their susceptibility to CCI. The exact mechanism behind the development of these
neurocognitive deficits is currently unknown, but it is believed that hypotension, hypoxia,
metabolic derangements, and iatrogenic causes such as sedatives may play a role.

In addition, CCI patients incur extreme mental and emotional stress. The presence of
tracheostomy (or endotracheal) tubes makes communication difficult. Not surprisingly,
more than 40 percent of these patients suffer from anxiety, posttraumatic stress disorder

Persistent Inflammation
and Immune Suppression

• Decreased immune cell
  number and function

• Decreased clearance of
  infection or tissue injury
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Slow
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oxidative stress
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Figure 2.2 Hypothetical representation of the interaction of aging, severe injury, sepsis, and malnutrition and the
development of persistent inflammation and immune suppression. (Source: From Nomellini et al. [9].)
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(PTSD), and depressive disorders [43–47]. The inability to perform activities of daily living
(ADLs), difficulty in communication, the need for mechanical ventilation, and poorly
treated pain are among the many factors that contribute to psychiatric issues in this patient
population.

Endocrine Changes
Patient with CCI experience endocrinopathies that are often a continuation or sequela of the
initial acute critical illness. There is a marked decrease in the pulsatile secretion of anterior
pituitary hormones [48–50]. This pulsatile loss of growth hormone correlates with
decreased anabolism and promotes catabolic metabolism. Similarly, decreased pulsatile
thyroid-stimulating hormone (TSH) secretion leads to low plasma T3 and T4 levels [1].
The peripheral conversion of T4 to T3 is also decreased [51]. Low T3 plasma levels correlate
with muscle weakness and bone loss. Although the adrenocorticotropic hormone (ACTH)
levels are low, cortisol levels remain high. High cortisol levels are probably secondary to
decreased cortisol clearance in the chronic inflammatory milieu [52]. High cortisol levels
contribute to muscle wasting, hyperglycemia with insulin resistance, decreased wound
healing, and increased susceptibility to secondary infection. They also contribute to fluid
retention and anasarca, which is commonly seen in patients with CCI. Increased peripheral
insulin resistance seen in patients with CCI often leads to prolonged hyperglycemia, which
has been shown to correlate with mortality [53]. Male CCI patients have been shown to have
extremely low levels of testosterone and have high levels of estrogen, indicating increased
aromatization of androgens [54,55]. These abnormalities in the gonadal axis may play a role
in promoting a catabolic state in CCI patients because testosterone is the most potent
endogenous anabolic steroid [56].

Malnutrition
The stress from critical illness, chronic inflammation and the catabolic state increases the
nutritional requirements of CCI patients. Unfortunately, these patients often have poor
mentation along with swallowing dysfunction. Consequently, they are unable to meet their
dietary requirements, which can lead to profound nutritional deficiencies. Geriatric patients
with poor preexisting nutritional state, malabsorption, and poor nutritional reserve are
prone to malnutrition after critical illness.

Due to the catabolic state, there also is a shift toward proteolysis and gluconeogenesis.
The body preferentially uses muscle proteins as an energy substrate, which leads to
substantial muscle breakdown. This has profound effects on respiratory muscle strength,
ventilatory capacity, and maximal inspiratory effort, which further complicate weaning
from the ventilator in patients with CCI [57,58]. In addition, malnutrition has also been
shown to blunt the ventilatory drive [59].

Synthetic function of the liver is impaired. as reflected by hypoalbuminemia, leading to
low intravascular oncotic pressure and the development of anasarca [60,61]. Patients with
CCI often have deficiency in both micro- and macronutrients. Patients often have vitamin
D deficiency, leading to bone resorption [62,63]. Similarly, lack of micronutrients such as
carnitine has been linked to mitochondrial dysfunction and multiorgan failure during CCI
[64]. Elderly patients with CCI often also have electrolyte imbalances, leading to hyperna-
tremia, hypophosphatemia, and hypomagnesemia, which can further impair mentation and
respiratory function [65]. Malnutrition also predisposes patients to have abnormal
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hematopoiesis and immune dysfunction, leading to chronic anemia and increased propen-
sity to have nosocomial infections [66].

Neuromuscular Alterations
Amajority of critically ill patients suffer from neuromuscular weakness [67]. Broadly, these
disorders are classified into critical illness polyneuropathy (CIP), critical illness myopathy
(CIM), combined CIM/CIP, and prolonged neuromuscular blockade. This adversely affects
the respiratory muscles, which complicates ventilator weaning, the muscles involved in
deglutition, leading to swallowing difficulties and increased risk of aspiration, and the
muscles of the extremities, which impairs mobility [68].

Critical illness polyneuropathy is characterized by symmetrical involvement usually of
the limbs, especially the lower extremities, weakness of proximal neuromuscular regions
(shoulder and hip girdle), and involvement of the respiratory muscles [69]. It usually spares
the oculofacial muscles and cranial nerves [70]. Although patients with CIP may exhibit
distal sensory loss, it may be difficult to elicit because a significant number of patients with
CCI have altered mental status.

Critical illness polyneuropathy is a distal axonal sensorimotor polyneuropathy believed
to be secondary to disruption of the blood-brain barrier and neuronal injury by inflamma-
tory mediators [1,71,72]. Electrophysiology studies are generally consistent with
a generalized axonal sensorimotor polyneuropathy with low motor and sensory amplitudes
[73].

Chronic critical illness patients with CIM have flaccid quadriparesis (proximal greater
than distal muscles), difficulty weaning frommechanical ventilation, and often facial muscle
weakness [74,75]. Unlike CIP, CIM may be associated with a rise in serum creatine kinase
(CK) levels. Muscle histopathologic findings are of myopathy with myosin loss.
Electrophysiology studies reveal normal to low motor amplitudes with occasional prolon-
gation of compound muscle action potential [76,77]. Sensory responses are usually
preserved.

Critical illness myopathy and CIP can coexist in patients with CCI [78,79]. Patients with
CIM have quicker resolution of weakness compared with those with CIP or combined CIM/
CIP [80]. Prolonged neuromuscular blockade is a rare form of weakness seen in patients
who underwent prolonged neuromuscular junction blockade and had compromised liver or
renal function [81]. Train of Four monitoring usually is diagnostic of this form of weakness,
although formal testing sometimes may be necessary.

Management of Chronic Critical Illness
Management of CCI patients is an emerging challenge for today’s healthcare systems.
Despite the significant burden on the healthcare system afforded by CCI, there is a lack of
guideline-based recommendations regarding management of this patient cohort.

One of the major challenges remains early identification of patients who meet the
definition of CCI. There can also be various venues where these patients receive care,
including ICUs, step-down units, weaning units, and floors in acute care hospitals, as well
as specialized centers such as long-term acute care hospitals (LTACHs). Variation in care is
affected not only by the venue but also by the staffing ratios. The composition of a care team
ideally should be multidisciplinary, including physicians, nurses, respiratory therapists,
physical therapists, and speech and language specialists, as well as nutritionists who
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continue to deliver critical care in a manner similar to most ICUs. The goal is to create
a comprehensive care plan for the patient with the goal of targeting a return to a functional
status, as close to before the illness as possible. In many ways, this might be more of
a challenge than in the acute care setting, given not only the resource-intensive patient
needs but also a background of multiple chronic illnesses, more limited resources, and
continued proclivity for clinical decompensation. In fact, the outcomes for these patients
remain grim, with a high 1-year mortality rate of 50 to 77 percent [82,83], significant
debilitation at discharge [84], multiple transitions in care following incident hospitalization
[8], and increased caregiver fatigue and stress [82].

Tracheostomy and Mechanical Ventilation (MV)
Liberation from mechanical ventilation becomes one of the cornerstones of management.
The timing of tracheostomy placement in the acute care setting is becoming shorter, with an
average recommendation of about 10 days of mechanical ventilation [85]. Patients with
tracheostomies often get admitted to chronic care facilities for weaning from ventilator
support. Ventilator dependence is an independent cause of diaphragmatic muscle fiber
atrophy [86], and mechanical ventilator for as few as 6 days is shown to cause a 30 percent
decline in pressure differentials created by diaphragmatic contraction [87], which predis-
poses to prolonged mechanical ventilation. As in the acute care setting, adherence to
a protocol-driven approach for weaning has been shown to decrease days on mechanical
ventilation [88]. Despite the absence of evidence specific to chronic care facilities, formulat-
ing a daily multidisciplinary plan of care with adherence to objective data points and
constant team and family communication can shorten the duration of mechanical ventila-
tion. In this regard, implementing the ABCDEF bundle (i.e., Assess, prevent, and manage
pain; Both spontaneous awakening trials and spontaneous breathing trials; Choice of seda-
tion and analgesia; assess, prevent, and manage Delirium; Early mobility and exercise; and
Family engagement and empowerment [89,90]) is likely to improve time to liberation from
mechanical ventilation in this patient cohort.Weaning protocols can be effectively managed
by respiratory therapists, and in coordination with bedside nursing, physical therapy, and
a speech and language specialist, patients can make a robust clinical improvement. Various
methodologies, e.g., use of the Rapid Shallow Breathing Index (RSBI) [91] and use of
50 percent lower ventilator support or T-piece trials for spontaneous breathing trials for
as long as tolerated by the patient (often >120 minutes) used in the acute setting are
routinely part of the process of weaning patients [5]. Patients who prove to be difficult to
wean off ventilator support often require a more thorough assessment of barriers to
liberation from the ventilator. Integration of bedside ultrasound in the assessment of
diaphragmatic contractility in difficult-to-wean patients can be a useful tool to identify
and follow such patients [92]. Once weaned from mechanical ventilation, a standardized
approach to tracheostomy decannulation is pursued. In chronic care facilities, management
of dysphonia as well as dysphagia after tracheostomy requires engagement of a dedicated
speech and language specialist to assist patients in regaining normal function.

Analgesia, Sedation, and Delirium
Assessment of pain in geriatric patients with CCI can be quite challenging.While obvious in
patients who have undergone surgical procedures (e.g., trauma, neurologic, or surgical ICU
patients), pain is probably significantly underestimated in other patients. Overreliance on
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clinical markers of pain (hypertension, tachycardia, sweating, frowning), inability of
patients to communicate (due to mechanical ventilation, altered consciousness, and pre-
existing conditions such as visual and hearing impairment), and lack of validated nonverbal
pain assessment tools in patients in the CCI population further complicate management.
Routine clinical activities including turns, repositioning, and catheter placement/exchange/
removal are all recurrent stimuli of pain. In addition, most patients in the acute care setting
likely will be exposed to analgesics (continuous or intermittent infusions during ventila-
tion), and it is important for clinicians to remember to address this in formulating care
plans for CCI patients. It is recommended that these patients be treated with a scheduled
opiate taper of at least a week’s duration if they have been exposed to opiate infusions in
their incident hospitalization [90]. While continuous opiate infusions should not be routi-
nely used in most CCI facilities [90], multimodality enteral opiate and nonopiate pain
management strategies should be used tomanage pain in CCI patients. The goal of analgesia
should be such that patients can participate in mobilization and physical therapy while
minimizing the side effects of analgesics, including nausea, constipation, sedation, respira-
tory depression, and the potential for dependence.

Use of sedatives such as propofol, benzodiazepines, and dexmedetomidine is
a frequent part of ICU care, especially in mechanically ventilated patients. Despite
quality evidence favoring light sedation [93], practice patterns can vary significantly
between ICUs. It is therefore not uncommon to see CCI patients who have received
high-dose sedatives during their incident hospitalization. Standard recommendations
include strict adherence to daily spontaneous awakening trials and use of sedatives only
if indicated, starting at half the original dose. Nonbenzodiazepine sedatives are pre-
ferred over benzodiazepines [94].

Similar to the acute care setting, delirium in CCI patients has been associated with
significantly worse outcomes. It is especially prevalent in geriatric CCI patients given their
advanced age, comorbidities, and baseline use of psychotherapeutics. The majority of
delirium is hypoactive and goes largely unrecognized, necessitating the use of validated
tools such as CAM-ICU [95] in the CCI population. Again, clinicians need to be mindful of
the fact that sedatives used in acute care settings, especially benzodiazepines, can increase
the risk of delirium significantly. A conservative strategy could include tapering doses of
benzodiazepines (if they have been used in acute care setting) in patients with CCI.
Significant attention should be paid to delirium prevention, including maintenance of day-
night cycle, use of appropriate light cues to promote wakefulness during the day, minimiz-
ing noise and clinical interruptions at night to promote sleep, use of restorative visual and
hearing aids as soon as the patient is able, and involvement of family visitation and
interaction to promote the well-being of patients. Routine use of pharmacologic interven-
tions for the management of delirium is not recommended, and such use should be limited
to severe manifestations (e.g., hallucinations, psychosis). Use of daily diaries (written by
patients or family members) documenting the patient’s stay in a LTACH setting has been
shown to help patients with PTSD.

Nutrition
Nutritional assessment and management form the cornerstone for treating geriatric
patients with CCI. A specialized approach involving daily assessments by clinicians, nursing
staff, and dietitians is of paramount importance in this setting.
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Nutritional Assessment. All CCI patients should undergo periodic nutritional assessment,
including one at the time of admission to LTACHs. Commonly used nutritional assessment
measures involve anthropometric measures (preadmission dry adjusted weight), compre-
hensive physical examination (temporal wasting, sarcopenia), evaluation of hypoalbumi-
nemic state with fluid status (ascites, pleural effusion, sacral, scrotal, and pedal edema), daily
calorie counts, and laboratory indices such as prealbumin, transferrin, and retinol-binding
protein levels [96]. In addition, these measures can be used to determine response to
nutritional interventions in CCI patients. Although various screening tools such as the
Nutritional Risk Index (NRI), subjective global assessment (SGA), and Mini Nutritional
Assessment have been described to assess nutritional risk [97–99], currently no clinically
validated tool exists for patients with CCI. Determination of nutritional status thus relies on
the multidisciplinary team taking care of the CCI patient [61].

Nutritional Goals. The key strategy of nutritional supplementations in patients with CCI is
to replenish the nitrogen deficit by ensuring adequate protein intake, preventing under-
feeding/overfeeding, and minimizing nutritional interruptions. Both overfeeding and
underfeeding are associated with poor outcomes and increased mortality [100–102].
However, determination of adequate energy requirements in geriatric CCI patients is
clinically challenging. Given the difficulties associated with indirect calorimetry, the lack
of consensus with regard to the use of predictive equations, and the variability of patho-
physiologic states in CCI patients, a target of 20 to 25 kcal/kg adjusted dry weight per day is
often recommended by experts [61]. It is important to recognize that this “one size fits all”
strategy may not hold true for all CCI patients, especially the elderly, and does not replace
the requirement of periodic nutritional assessment in these patients. Similarly, a daily
protein intake of 1.5 g/kg is recommended [103]. Patients with impaired wound healing,
decubitus ulcers, high ostomy outputs, and undergoing renal replacement therapy usually
have higher protein requirements. Overfeeding protein can result in hyperammonemia and
azotemia, leading to encephalopathy, hypertonic dehydration, and hypernatremia [96].
Periodic measurement of serum blood urea nitrogen (BUN) and sodium thus is recom-
mended to avoid such “protein overfeeding” scenarios.

Chronic critical illness patients often develop refeeding syndrome after reintroduction of
carbohydrate-based diets. The key features of this syndrome include acute hypophosphate-
mia, reduction of thiamine and electrolytes such as magnesium and potassium, acute volume
expansion, impaired oxygen delivery, and myocardial injury [51,104]. Hypophosphatemia
may affect diaphragmatic muscle function and further impair attempts at weaning from
mechanical ventilation. Interruptions in diet thus should be minimized, and a high clinical
suspicion of refeeding syndrome should be maintained on resumption of feeding. If patients
do develop symptoms indicative of refeeding syndrome, feeds should be restricted to about
1,000 kcal/day with slow increments over time and close electrolyte monitoring.

Chronically ventilated patients often require supplemental feeding because tracheotomy
affects the muscles of deglutition. Enteral feeding is often preferred over parenteral feeding
due to its lower costs and lower invasiveness [105–108]. Enteral feeding has the advantages
of preserving gastrointestinal integrity, reducing bacterial translocation, and modulating
immunologic and catabolic responses [61,109,110]. However, enteral feeding is commonly
associated with interruptions in feeding, especially for procedures, leading to underfeeding.
Semi-elemental feeds are preferred over whole-protein formulations. Choice of appropriate
enteral formulations should be based on the patient’s underlying pathophysiology, sodium
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status, renal status, and tolerance to a particular formulation [61]. Routine use of “pulmon-
ary formulations” may lead to delayed gastric emptying [111].

Parenteral nutrition is often reserved for patients who are unable to meet their caloric
requirements with enteral nutrition alone. Parenteral nutrition is associated with a higher
risk of infectious complications than enteral nutrition [108]. Special care should be under-
taken to ensure sterility of the central line site, and electrolytes should be monitored closely
for patients undergoing parenteral nutrition.

In addition to macronutrients, judicious replenishment of micronutrients is of para-
mount importance, especially in the geriatric CCI patient population. Vitamin D and
pamidronate help with decreasing bone resorption, calcitriol promotes calcium uptake by
gastrointestinal tract, vitamin C and zinc sulfate promote wound healing, and carnitine
helps in fatty acid oxidation. In addition, pharmacologic supplementation with megesterol,
methylphenidate, or mirtazapine may help in stimulating appetite in CCI patients. Thyroid
supplementation is often required in these patients based on thyroid function tests.
Judicious glycemic control with insulin supplementation forms an integral part of patient
management. In addition to intensive insulinmanagement, serial blood sugar checks should
be performed to avoid hypoglycemia.

Additional Management Strategies
Early mobilization along with muscle training has been shown to be beneficial in intubated
patients [112]. Early physical therapy and mobilization help in decreasing the incidence of
pressure ulcers, limb contractures, and deep venous thrombosis in CCI patients. Similarly,
whole-body rehabilitation including limb strengthening exercises, trunk control, body
posture maintaining exercises, and subsequently ambulation with a wheeled walking aid
has been shown to be effective in successful ventilator weaning in patients receiving
prolonged mechanical ventilation [113–115]. In addition, such measures enable CCI
patients to recover from critical illness myopathies and regain muscle strength and enable
them to perform the activities of daily living (ADLs) in the long run. This is especially
important for geriatric patients in whom the performance of ADLs is an important mile-
stone toward independent function. Thus early involvement of physical and occupational
therapy forms an integral part of CCI management.

Pressure ulcer prevention and aggressive treatment are pivotal in the management of
CCI patients because pressure ulcers may progress to osteomyelitis and further complicate
the clinical course if left untreated. Pressure ulcer prevention requires daily assessment by
the clinical team, timely postural changes, special pressure-reducing mattresses, and barrier
ointment application [116,117].

Patients with CCI often have indwelling catheters and intravenous lines. Similar to acute
critical care management, daily assessments of the position, functioning, and utility of these
lines should be made. Every attempt at early removal of these catheters should be made to
prevent further line-related complications.

Communication with Patient and Family Members
Because patients are often unable to participate in decision making regarding continuity of
care, families frequently get involved as surrogate decision makers. This can be an emo-
tionally difficult time for most. Depending on the age, quality of life prior to critical illness,
and burden of chronic health conditions, the decision to continue intensive care or focus on
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comfort, often comes to the forefront. In the case where a patients’wishes are clearly known,
the burden of this decision is somewhat eased for surrogates. However, there is still
a significant proportion of the elderly, that might not have communicated their wishes to
their family. The nature of modern day nuclear families can further increase the stress of
providing care to a chronic critical ill patient, not just from an emotional, but also a financial
and caregiver stress perspective. The transformation of a patient from an independent
functional status to being ventilator dependent often with concomitant weakness, delirium
and skin breakdown can be a traumatic experience for patients and family alike. Not
surprisingly, posttraumatic stress disorder is also common amongst caregivers of patients
with CCI [118]. In addition, the experiences of individual patients and families are colored
by their cultural and religious backgrounds, belief systems, and health literacy. An inclusive
and respectful approach is therefore needed to address the needs of this population.

Communication with CCI patients (when cognizant) and their families is of utmost
importance in ongoing care. This can occur in varied settings between patient surrogates
and the healthcare team, e.g., daily communication at the bedside or a more formalized
conference approach. In many cases, clinicians often find themselves in a unique role of
providing information, predicting the course of a patient’s clinical trajectory, providing emo-
tional support to the family, and eliciting the goals of care from the surrogate decision makers
for a patient. This often requires a multidisciplinary approach from the clinical team (including
ICU physicians, palliative care physicians, nursing staff, chaplaincy, social work, etc.) and can
be evenmore challenging when dealing with end-of-life decisionmaking in CCI patients [119].
It is also important to anticipate conflicts in decisionmaking and have a consistent approach to
deal with such situations as and when they arise. Palliative care should be an integral part of the
care plan for CCI patients [3]. An integrated approach by ICU and palliative care teams with
repeated contacts to guide patients and families through simple as well as more complex
decisions is likely to have better outcomes than a “same size fits all” structured approach [120].
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Chapter

3
Principles of Geriatric
Pharmacotherapy

John W. Devlin and Jeffrey F. Barletta

Key Points

• Older adults frequently experience adverse drug events in the intensive care unit
(ICU), due to age-related pharmacokinetic and pharmacodynamic changes,
polypharmacy, and frequent transitions of care.

• Adverse drug events can be reduced in the geriatric population by
individualizing dosing, avoiding potentially inappropriate medications
when possible, recognizing prescribing cascades, reconciling medications
at ICU discharge, and incorporating a critical care pharmacist on the
ICU team.

• The effects of age on drug absorption, volume of distribution, and drug metabolism
and clearance must be considered when optimizing medication therapy in the ICU
setting.

• Important dosing considerations must be employed when nonintravenous routes of
administration are used in critically ill older adults.

• Extremes in body weight are common in older adults and should be considered when
optimizing pharmacotherapy in this population.

• Kidney function and the use of strategies such as renal replacement therapy (RRT) to
support this function must be carefully evaluated and considered when optimizing
drug therapy in older ICU adults.

• Older adults usually require far lower doses of opioids and sedatives and experience
more adverse events with their use.

• Nonpharmacologic interventions such as early mobilization and the avoidance of
delirium-causing medications (e.g., benzodiazepines) are more effective strategies
to reduce the burden of delirium in older adults than initiating antipsychotic
therapy.

• A number of pharmacodynamic and pharmacokinetic factors should be considered
when optimizing anti-infective regimens in critically ill older adults.

• Body weight, kidney function, and the availability of a reversal agent should be
considered when implementing anticoagulant therapy in the geriatric ICU
population.
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Introduction
Older adults (≥65 years) comprise an ever-increasing proportion of patients admitted to the
ICU [1]. Very old adults (≥80 years) now make up more than 25 percent of the patients
admitted to most ICUs. An ever-increasing proportion of older adults is chronically
critically ill and frequently move between the long-term acute care hospital (LTACHs)
and ICU settings [2]. Drug therapy plays a key role in improving outcomes after critical
illness. With the average older adult admitted to an ICU administered 30 different medica-
tions throughout their stay, critical care clinicians are faced with making multiple drug-
related decisions on a daily basis [3]. A number of different age-related effects increase the
risk for medication-associated adverse events and drug interactions. Polypharmacy is
a common consequence of critical illness among older adults and is associated with
deleterious outcomes and increased costs [4]. This chapter reviews key concepts regarding
medication choice, dosing, and monitoring in critically ill older adults and provides ICU
clinicians with a number of strategies to improve the medication-related outcomes of
geriatric patients under their care.

Epidemiology and Outcomes of Drug Therapy
Many older adults have multiple chronic conditions that require multiple medications and,
on average, are prescribed 12 different prescription medications [5]. Adverse drug events
account for more than 30 percent of all hospital admissions among older adults, and a drug-
related cause is a frequent reason for ICU admission [6,7]. Use of herbal and over-the-
counter (OTC) medications has doubled among older adults in the past 10 years; 10 percent
will experience a major herbal/OTC–prescription drug interaction each year [8].
Prescribing cascades (i.e., a new medication is initiated to treat the side effects of another)
remain an important driver of polypharmacy in the ICU setting.

Safe and effective medication use is crucial to ensure optimal patient care and ICU
outcome. Critical illness–associated acute organ dysfunction will affect drug absorption,
clearance, and response and increase adverse events [3]. Data generated in non-ICU
settings should not be extrapolated to elderly ICU patients, in whom acuity of illness is
higher, goals of therapy are different and change frequently with patient pathophysio-
logic condition, the duration of medication use is generally short, and monitoring
practices are more rigorous [9]. There is a dearth of rigorous data to guide prescribing
decisions for critically ill patients, which results in “off label” use for nearly half the
medications ultimately prescribed [10].

Several drugs often used to treat critical illness are listed in the Beers List of low-benefit
and/or high-risk medications – a list of medication deemed by geriatricians as “preferably
avoided” in older adults in chronic healthcare settings [11]. Potentially inappropriate
medications (PIMs) are frequently prescribed in the ICU setting [12]; the number of
PIMs prescribed directly correlates with the duration of ICU stay [13]. Factors shown to
increase the risk for a PIM being continued at ICU discharge include the number of PIMs
prescribed during the ICU admission, admission to a surgical (versus medical) service, and
discharge to another facility rather than home [14].

Transitions of care are frequent among older adults given the high proportion of this
cohort that reside in long-term care facilities. They undergo frequent periods of decom-
pensation, or suffer a new acute illness that requires management in the ICU.
The post–intensive care syndrome (PICS), a new or worsening decrement in mental,
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cognitive, or physical health following critical illness persisting beyond the acute hospita-
lization, occurs frequently in older adults who survive their ICU admission [15].
Medications that potentiate glucose dysregulation and delirium or worsen ICU-acquired
weakness may worsen PICS [16].

Pharmacokinetic and Pharmacodynamic Alterations
in Older Adults
Pharmacokinetics refers to the discipline that describes the absorption, distribution, meta-
bolism, and elimination of drugs (i.e., what the body does to the drug). Pharmacodynamics is
the study of the relationship between the concentration of a drug and the response obtained
in a patient (i.e., what the drug does to the body). Several significant alterations develop in
pharmacokinetic and pharmacodynamic parameters with aging and in the geriatric criti-
cally ill patient that must be considered in order to maximize outcomes and minimize drug
toxicity and adverse effects.

Pharmacokinetics
Absorption

While splanchnic blood flow, gastric emptying time, and small intestine absorptive capacity
are decreased in the elderly, drug absorption, for the most part, remains relatively
unchanged in this population [17]. Nevertheless, a few key concepts should be considered.
Delayed gastric emptying may be clinically significant for medications for which a rapid
onset is desired (e.g., opioids). Because of reductions in liver mass and blood flow, the first-
pass metabolism is lower in the elderly, and the bioavailability of medications that undergo
extensive first-pass metabolism (e.g., labetalol, propranolol) may be higher.

Distribution

Volume of distribution is a mathematical concept that refers to the compartments into which
a drug disperses. Significant age-related changes occur to body composition that have an
impact on volume of distribution and hence drug concentration. Age-related reductions in
total body water and increases in total body fat may lead to increased concentrations (due to
a smaller volume of distribution) for hydrophilic drugs such as aminoglycosides and
digoxin [18]. In contrast, lipophilic drugs (e.g., diazepam) will have a larger volume of
distribution, and loading doses may need to be modified. However, clinicians should be
cautious in increasing doses in elderly patients, given that age-related reductions in clear-
ance may result in drug accumulation and prolonged effects.

Age-related changes in protein binding are of minimal clinical significance in most
patients, but in the setting of critical illness, they can be profound. Acidic drugs bind to
albumin, which is often decreased in patients with burns, liver disease, sepsis, uremia,
and trauma. Low albumin levels lead to reductions in drug-protein binding, which
cause an increase in the unbound fraction of pharmacologically active drugs such as
phenytoin and warfarin. Basic drugs such as morphine bind to alpha-1-acid glycopro-
tein, which is an acute-phase reactant and is often increased in patients with renal
failure, burns, infections, and myocardial infarction and in those who have undergone
recent surgery. Protein binding in these settings is elevated, and unbound drug con-
centrations are decreased.
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Metabolism

Drug metabolism depends on both the amount of blood flow to the liver and the liver’s
ability to extract the drug from the bloodstream. Both of these processes are affected by
age. Hepatic blood flow decreases by 30 percent between the ages of 30 and 75; thus the
metabolism of drugs that rely on flow-dependent hepatic clearance (i.e., high-extraction
drugs) may be negatively affected (e.g., labetalol, morphine, verapamil) [18]. Drugs that
depend on enzymatic function for clearance (as opposed to hepatic blood flow) are
considered low-extraction drugs (e.g., haloperidol, diazepam, phenytoin). These agents
undergo either phase I reactions (i.e., oxidation, reduction, hydrolysis) or phase II
reactions (i.e., glucuronidation, acetylation, sulfation). Phase I reactions are much more
sensitive to age, and the clearance of drugs that are metabolized via these mechanisms
may be reduced (e.g., diazepam, midazolam). Phase II reactions, in contrast, are not
impaired in older adults, and the clearance of these agents is not reduced in an age-
dependent fashion.

A common clearance pathway for many drugs used in the ICU setting is the cytochrome
P-450 (CYP-450) system. The efficiency of the CYP-450 system may be affected by both
advanced age and critical illness. However, not all CYP isoforms are equally affected by
aging. Although wide variability has been noted, clearance appears to be lower for substrates
of CYP-1A2 and CYP-2C19, decreased or unchanged for substrates of CYP-3A4 and CYP-
2C9, and unchanged for substrates of CYP-2D6 [19].

Elimination

Increasing age is associated with several structural and functional changes in the kidney
that result in decreased glomerular function and altered renal elimination. After age 30,
there is a linear decline in glomerular filtration by approximately 8 ml/min per decade of
life [20]. By age 70, a 30 to 50 percent loss of functioning glomeruli is observed [21]. This is
likely due to decreases in renal mass, loss of functional nephrons, and diminished renal
artery perfusion.

Pharmacodynamics
Aging is associated with several pharmacodynamic changes that can alter the therapeutic
response and lead to adverse drug reactions. These changes can be due to altered receptor
density, receptor affinity, signal transduction (i.e., ability of the cells to respond to receptor
occupation), or homeostatic mechanisms [22]. Examples describing the pharmacodynamic
variability of commonly used drugs in the ICU are presented in Table 3.1 [23–25].

Adverse Drug Events
One in seven Medicare beneficiaries experienced an adverse event when hospitalized in
2008. Between 2007 and 2009, almost 100,000 emergency hospitalizations in the United
States were due to adverse drug events (ADEs) in adults 65 years of age and older. Nearly
half were age 80 and older [26]. ADEs increase mortality, length of hospitalization, and
healthcare costs, yet only 50 percent are reported in US hospitals. Adverse drug reactions or
medication errors are only considered ADEs if there is documented harm to the patient
(Figure 3.1) [27]. The medication classes most frequently associated with the ADEs in the
ICU are drugs with CNS activities (e.g., opioids, sedatives), antimicrobials, drugs with
cardiovascular effects, and anticoagulants.
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Older adults with complex medical conditions, many of whom require an admission to
the ICU during their hospitalization, are at particularly high risk for errors during care
transitions and experiencing ADEs secondary to polypharmacy and drug-drug interactions
[4] (Table 3.2). During these transitions, patients are most vulnerable to medication errors,
either through medication additions or omissions, that may lead to ADEs. Strategies to
improve continuity of care and minimize gaps in care, such as better communication
between clinicians, can reduce medication errors and improve patient outcomes [28].

Drug Dosing Considerations in Older Adults

Routes of Administration
Medications are frequently administered to critically ill geriatric patients by nonintravenous
routes (e.g., oral/enteral, subcutaneous, transdermal, inhalational) when an IV formulation
is not available, to prolong the duration of effect, to decrease monitoring requirements, to
facilitate ICU discharge, and to decrease drug costs [9]. In general, bioavailability is nearly
always lower when drugs are administered by nonintravenous routes. In addition, there can
be considerable variability with the rate and extent of absorption, time of onset, magnitude
of effect, and duration of action. These differences can have a substantial impact on
treatment effect and clinical outcome, so several important factors should be considered
(Table 3.3).

Table 3.1 Age-Related Pharmacodynamic Alterations with Commonly Administered ICU Medications

Drug class Pharmacodynamic alteration

Benzodiazepines Differences in sensitivity to cognitive and sedative effects occur that are not
attributable to the differences in pharmacokinetic parameters. This could be
due to differences in drug distribution to the CNS. If benzodiazepines must
be used, smaller doses should be administered. Lorazepam is least likely to
accumulate because it is cleared by glucuronidation and does not have
active metabolites (unlike midazolam and diazepam).

Opioids Opioid receptor density, affinity, and binding may change with aging.
Smaller opioid doses should be used. Morphine has an active metabolite
that can accumulate and cause adverse effects. Alternatives are suggested.

Diuretics A decreased diuretic and natriuretic response may be due to the
age-related decrease in albumin (which transports the drug to the active
site), decrease in the pharmacodynamic interactions, altered physiologic
response, or age-related decreases in renal function.

Beta-blockers Pharmacodynamic sensitivity declines with age. This may be due to receptor
downregulation or receptor conformation, but the most likely mechanism is
impaired signal transduction of beta receptors.

Warfarin Anticoagulant effect may be increased due to decreased vitamin K stores or
greater inhibition of vitamin K–dependent clotting factors

(Sources: Refs. [23–25].)
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Extremes in Body Mass
Obesity

An ever-increasing proportion of older adults is obese. Obesity is disproportionately
present among patients in the ICU and may be associated with increased ICU mortality
[29]. The pharmacokinetic parameters that are most important to consider when
dosing medication in older, obese, critically ill patients are volume of distribution

Adverse 
Drug 

Reaction

Adverse 
Drug 
Event

Medication 
Error 

or 
Off-Label 

Prescribing

Unintended response to a drug 
that occurs with standard 

dose/prescribing practices but 
results in no harm to the patient

Medication error or 
off-label prescribing that 
results in no harm to the 

patient  

An adverse drug reaction,
medication error, 

or off-label prescription that 
results in harm 
to the patient

Figure 3.1 Relationship between adverse drug reactions, medication errors, off-label prescribing, and adverse
events in older adults. (Source: Adapted from Nebeker, Barach, and Samore [27].)

Table 3.2 Factors Associated with Polypharmacy and ADEs in Critically Ill Older Adults

• Failure to account for age and critical care–related pharmacokinetic changes.
• Failure to avoid high-risk drugs where possible.
• Failure to screen for pain, sedation, and delirium.
• Initiation of a new medication to treat a side effect from another drug.
• Failure to down titrate or discontinue medications on a daily basis.
• Failure to recognize drug-associated adverse effects.
• Initiation of medications that a patient stopped taking prior to the ICU admission.
• Failure to consider pre-ICU OTC, herbal, alcohol, or recreational drug use.
• Failure to consider medication withdrawal reactions.
• Lack of involvement of a critical care pharmacist in daily ICU care.
• Lack of involvement of family and friends in daily ICU care.
• Lack of medication reconciliation at ICU discharge/transitions of care.
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Table 3.3 Dosing Considerations When Using Non-IV Routes of Administration

Oral/enteral:
• Numerous physiologic and end-organ changes are evident in critically ill geriatric patients that

preclude extrapolation of data from pharmacokinetic studies evaluating bioavailability in
healthy volunteers to the critically ill.

• Critically ill geriatric patients often have drug- or disease-induced decreases in gastric acid
secretion. This may decrease the absorption of weak bases (e.g., ketoconazole, itraconazole)
and alter the release characteristics of enteric-coated formulations (e.g., proton pump
inhibitors).

• Delayed gastric emptying is common in geriatric patients, especially those with head injury or
those who are mechanically ventilated. This is important for patients in whom the nasogastric
tube is clamped after drug administration because if the drug has not emptied into the small
intestine before nasogastric suction is reestablished, it will be removed and not absorbed.

• Administration of a medication through a gastric tube requires that a tablet be crushed,
dissolved, and administered using an oral syringe. These added steps compound the risk that
residual drug may be left behind in the receptacle where the tablet was crushed, in the
syringe used for administration, or in the gastric tube itself.

• The bioavailability of several medications (e.g., phenytoin, ciprofloxacin) is substantially
decreased when concomitantly administered with enteral nutrition. Enteral nutrition should
therefore be held before and after drug administration. In these settings, tube feeding rate
(if continuous) should be recalculated to account for the cessation in administration.

Subcutaneous:
• Subcutaneous administration is associated with erratic and/or incomplete absorption

resulting in lower serum concentrations.
• This may be due to low cardiac output, peripheral edema, sepsis, and vasopressor-induced

peripheral blood vessel vasoconstriction.
• For some medications, subcutaneous administration should be discouraged (e.g., vitamin

K for warfarin reversal).

Transdermal:
• Transdermal drug absorption may be compromised in patients with alterations in blood flow

to subcutaneous tissues (e.g., shock).
• With transdermal administration, the onset of effect is delayed (following application), and the

duration is prolonged (following removal). This makes titration difficult and may present
a safety concern should an adverse effect occur.

• For somemedications, transdermal use has been associated with harm (e.g., fentanyl patch for
acute pain).

Inhalational:
• Drugs administered by aerosol include beta-2 agonists, anticholinergics, mucolytics,

corticosteroids, prostacyclins, and antibiotics.
• Drug doses administered to mechanically ventilated patients via metered-dose inhaler are

typically twice that administered to patients not mechanically ventilated because of the
ventilator circuit.

• Aerosolized antibiotics (e.g., aminoglycosides) have the advantage of enhanced penetration
into the lung with minimal systemic exposure. One potential side effect is bronchospasm.
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and clearance [30]. In general, drugs with a small volume of distribution are typically
hydrophilic (e.g., aminoglycosides) with little distribution into adipose tissue [31].
In contrast, drugs with a larger volume of distribution are often more lipophilic, and
thus distribution into adipose tissue and other body compartments is extensive. Studies
describing the relationship between obesity and clearance have produced mixed results.
Some studies demonstrate an increase in clearance (likely due to increased kidney size
and blood flow in obesity), whereas others have shown no difference.

There are limited data describing how drugs should be dosed in the obese critically
ill patient and even fewer that are specific to geriatrics. Nevertheless, when crafting
a drug dosing regimen for the obese, critically ill geriatric patient, the clinician should
first assess the degree of obesity present in the individual patient. With mild to
moderate forms of obesity (e.g., body mass index [BMI] = 25–39 kg/m2), published
dosing recommendations are usually appropriate. With more extreme forms of obesity
(e.g., BMI ≥ 40 kg/m2), drug dosing becomes more complicated because these patients
were often excluded from formal pharmacokinetic dosing studies [30,31]. In these
settings, clinicians should seek clinical trials where dosing has been evaluated in
morbid obesity. If these trials do not exist, then pharmacokinetic trials conducted in
obese individuals should be sought, and the presence of dose proportionality should be
evaluated. Dose proportionality suggests that as weight increases, pharmacokinetic
parameters such as volume of distribution and clearance also increase by the same
ratio. If dose proportionality exists, then the clinician must weigh the benefits versus
risks of using total body weight (for weight-based dosing) or use a dose on the higher
end of the dosing range (for non-weight-based dosing). If dose proportionality does
not exist, then either lean or adjusted body weight should be used. Generally speaking,
there are few drugs that are renally eliminated that display properties of dose propor-
tionality. Other principles for drug dosing in obese, critically ill geriatric patients are
listed in Table 3.4.

Table 3.4 Principles of Drug Dosing in Obese, Critically Ill Geriatric Patients

• All available weight measures (e.g., total body weight, ideal body weight, lean body weight)
are limited by their inability to assess the ratio of fat mass to fat-freemass. This has implications
for how hydrophilic versus lipophilic drugs may distribute.

• Seek consistency with the weight measure that is used for weight-based dosing and all
dosing-related calculations.

• When consulting the literature, confirm that the weight of the specific patient in question is
within the range of weights included in the clinical trial. This is especially important when
dealing with extremes in body weight (e.g., BMI > 50 kg/m2).

• The degree of variability in volume of distribution and clearance is greater in critically ill
patients than in noncritically ill patients.

• The risk for an adverse effect associated with a higher dose of a medication must be balanced
with the risk of treatment failure when using a lower dose.

• In some cases, it may be safer to use a series of smaller doses that can rapidly be titrated to
effect versus a single large dose regardless of the weight measure that may be preferred for
weight-based dosing.

• Therapeutic drug monitoring should be used whenever available.
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Low Body Mass

At the other extreme, older adults may have a low body mass, particularly when patients
have a chronic condition that has left them nutritionally depleted. Data describing drug
dosing in patients with low body mass are limited. In general, standard drug doses or doses
on the lower end of the dosing range should be appropriate. Caution should be exercised
with fixed doses of anticoagulant medications (e.g., low-molecular-weight heparin) because
standard doses commonly used for prophylaxis may actually achieve therapeutic antic-
oagulation levels.

Renal Insufficiency
Renal insufficiency is common in the critically ill older adults given the clear correlation
between increasing age and reduced kidney function. One study identified an age of 65 years
or older as an independent risk factor for acute kidney injury (odds ratio [OR] = 1.5;
95 percent confidence interval [CI] = 1.16–1.92) [32]. The most common method to
estimate kidney function for the purposes of drug dosing in the ICU is the Cockcroft-
Gault equation. However, the validity of this equation in the elderly ICU patient is poor,
largely because it relies primarily on the serum creatinine concentration. Creatinine is not
very sensitive to changes in the glomerular filtration rate, making the timely recognition of
acute kidney insufficiency difficult. Moreover, the serum creatinine is heavily influenced by
body muscle mass, which is usually diminished in most elderly patients. This can lead to
false assumptions on creatinine clearance if traditional ranges of normal are used to
interpret the serum creatinine concentration. To adjust for this issue, some institutions
will round low serum creatinine values to an arbitrary value of 1 mg/dl. However, research
has demonstrated that this practice will underestimate creatinine clearance and should be
avoided because it may lead to subtherapeutic medication doses [33,34].

Many older ICU patients with renal insufficiency will require renal replacement therapy
(RRT). Drug clearance with RRT depends on various factors, such as the drug’s volume of
distribution, degree of protein binding, molecular weight, and the duration and intensity of
RRT. It is essential that clinicians understand local treatment practices, especially dialysis
flow rates, because this will markedly affect drug removal. Discrepancies between local
practices and published dosing recommendations may lead to either an over- or under-
estimation of extracorporeal drug removal and thus increase the likelihood for treatment
failure or an adverse drug reaction.

Several resources exist to assist with drug dosing in RRT, but substantial variability exists
in the dose recommended by each reference [35–37]. Many of these recommended doses are
based on studies that used older dialyzer membranes that have poor permeability and lower
effluent rates or were extrapolated from pharmacokinetic data in noncritically ill patients or
those with chronic kidney disease. This is important because patients with chronic kidney
disease also have compromised nonrenal clearance mechanisms, whereas in patients with
acute kidney injury, nonrenal clearance mechanisms may be preserved. This has the
potential to lead to the under dosing of medications that has been demonstrated with
antibiotics such as imipenem, meropenem, and vancomycin [38]. In fact, several reports
have demonstrated an inability to reach pharmacodynamic goals with doses commonly
recommended for RRT [39]. Principles of drug dosing in elderly patients with acute kidney
injury (AKI) or RRT are listed in Table 3.5.
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Hepatic Dysfunction
Drug dosing in hepatic dysfunction is challenging because of the general inability to
estimate liver function. Although tests exist to detect hepatocellular changes (e.g., aspartate
aminotransferase [AST], alanine aminotransferase [ALT]) and evaluate synthetic function
(e.g., international normalized ration [INR]), none of these reflect the ability of the liver to
metabolize drugs. Some medications can be adjusted based on the Child-Pugh score, but
specific recommendations for commonly used-ICU medications using this strategy are
limited. Nevertheless, dosing adjustments are not typically suggested until hepatic dysfunc-
tion becomes moderately (class B) or severely (class C) impaired [40].

Pharmacokinetic changes that occur with hepatic dysfunction are related to reductions
in drug metabolism, plasma protein synthesis, and/or liver blood flow. Hepatic drug
clearance is typically classified based on the dependence on hepatic blood flow (i.e., high-
extraction drugs) or on the activity of drug-metabolizing enzymes (i.e., low-extraction
drugs). Drugs that have a high degree of hepatic extraction are expected to have an increased
bioavailability and decreased clearance in conditions associated with decreased hepatic
blood flow. For medications that are administered orally, both the initial dose and main-
tenance doses should be reduced. For medications administered intravenously, only
a reduction in the maintenance dose is necessary. For low-extraction drugs, metabolism is
more so dependent on the degree of binding to albumin and the activity of metabolizing
enzymes (e.g., CYP-450). This is further complicated by the fact that all CYP-450 enzymes
do not uniformly decrease at the same severity of liver disease. Instead, a sequential
progressive model has been described [41]. According to this model, patients with mild

Table 3.5 Principles of Drug Dosing in Geriatric Patients with AKI or Receiving RRT

• Serum creatinine values fail to increase with advanced age because creatinine production
(which is directly proportional to muscle mass) decreases at nearly the same rate as the renal
clearance of creatinine.

• Elderly patients are more vulnerable to dehydration because of a decrease in the capacity to
concentrate urine. This and the use of diuretics may contribute to a higher propensity for drug
toxicity.

• Manymedications used in the ICU have activemetabolites that can accumulate in renal failure
(e.g., morphine, midazolam). These metabolites can contribute to the pharmacologic effect
and lead to an adverse reaction.

• Whenmaking dosing adjustments in patients with AKI, the clinician should first consider what
the starting dose would be if creatinine clearance were normal.

• Factors such as severity of illness, medication indication, adverse effect profile, and patient-
specific pharmacokinetics (e.g., obesity) should be included in the strategy for drug dosing.

• When prescribing beta-lactam antibiotics in patients receiving continuous RRT, the use of
loading doses and prolonged infusions should be considered to improve the likelihood that
pharmacodynamic goals will be met.

• One of the most important factors influencing drug dosing in continuous RRT is the
prescribed (and delivered) effluent rate, also referred to as the continuous RRT dose.

• Clinicians must review for stoppages in continuous RRT that may have resulted from filter
clotting, circuit changes, or patient travel for procedures. These can result in meaningful
reductions in extracorporeal drug clearance.
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hepatic dysfunction will experience a decrease in CYP-2C19 activity, but CYP-1A2, CYP-
2D6, and CYP-2E1 will be sustained. As the level of hepatic dysfunction becomes more
severe, a sequential reduction in CYP-1A2 activity, followed by CYP-2D6 activity, is noted.
CYP-2E1 activity remains relatively preserved until hepatic decompensation or hepatorenal
syndrome develops. Principles of drug dosing in hepatic dysfunction are listed in Table 3.6.

Drug/Disease-Specific Pharmacotherapy Issues

Analgesia and Sedation
Pain and discomfort are prevalent in critically ill older adults and thus require around-the-
clock evaluation and treatment when they are present. Self-reporting of pain is considered
the reference standard for pain assessment in this population. However, if a patient is
nonverbal, the 2013 Pain, Agitation, and Delirium (PAD) Guidelines recommend the use of
the Behavioral Pain Scale or the Critical Care Pain Observational Tool in the ICU [42]. Most
ICU patients can be successfully treated with intermittent opioid therapy. Continuous
opioid infusions may be required in some patients particularly when an analgesia-sedative
approach to sedation management is being used. Older adults are at particularly high risk
for developing sedative-associated coma and delirium particularly with benzodiazepine use.
Increasing evidence suggests that using an opioid-first approach is safer and is associated
with improved patient outcomes [42]. Despite strong evidence that patients who remain in
a lightly sedated state have improved outcomes (e.g., less delirium, a shorter duration of
mechanical ventilation, reduced posttraumatic stress disorder), over sedation remains
a major concern in many ICUs. Deep sedation, particularly coma, should be avoided in

Table 3.6 Principles of Drug Dosing in Geriatric Patients with Hepatic Failure

• Medications that are highly bound to albumin will have a higher free or unbound fraction in
patients with hepatic failure.

• Hepatic failure is associated with larger volumes of distribution for water-soluble medications,
resulting in lower peak concentrations. Higher loading doses may be necessary.

• Alterations in CYP-450 metabolism will vary based on the specific CYP subunit and the degree
of hepatic insufficiency.

• Conjugation reactions such as glucuronidation are less affected by liver disease. As a result,
clearance for benzodiazepines such as oxazepam, lorazepam, and temazepam is not reduced,
whereas diazepam and midazolam (which undergo phase I reactions) clearance is decreased.

• Liver disease has been associated with a decreased pharmacodynamic response for drugs
such as loop diuretics and beta-receptor antagonists. In contrast, an enhanced therapeutic
effect can be expected for opioid analgesics, anxiolytics, and sedatives.

• Patients with liver cirrhosis are more sensitive to the adverse renal effects of nonsteroidal anti-
inflammatory drugs (NSAIDs).

• The oral bioavailability of medications with a high-extraction ratio can be drastically increased
in patients with chronic liver disease. Both initial and maintenance doses should be adjusted.

• For high-extraction drugs that are administered intravenously, clearance may be reduced in
liver disease due to reduced hepatic blood flow. Maintenance doses should be adjusted.

• Clearance of low-extraction drugs will depend on the specific pathway, the degree of hepatic
insufficiency, and the unbound fraction of drug.
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all older adults unless it is a goal of therapy, given that even short periods spent in this state
are associated with increased mortality [42,43].

The ABCDEF bundle (assess, prevent, and manage pain; both spontaneous awakening
trials and spontaneous breathing trials; choice of drugs; delirium: assess, prevent, and
manage; early mobility and exercise; and family engagement and empowerment) has been
shown to improve both short- and long-term outcome in older adults and help return
patients back to their pre-ICU functional and cognitive status [2,42,44]. It should be
emphasized that the appropriate choice of analgesic and sedative therapy (if needed) is
only one factor affecting an older adult’s cognitive and functional status after leaving
the ICU.

Consideration of potential adverse events is the most important criterion when selecting
opioid and sedative therapy in older adults given that these agents are usually administered
at higher doses and for more prolonged periods than in non-ICU settings [45]. Adverse
drug events with these agents are common in the ICU given that they are usually adminis-
tered at far higher doses and for longer periods of time than outside the ICU. Furthermore,
critically ill patients have a higher prevalence of end-organ dysfunction (e.g., renal, hepatic)
that may result in higher drug concentrations than in patients on the floor [45]. Factors such
as altered postreceptor binding, downregulation of receptors, and brain dysfunction may
dramatically alter the response of ICU patients to these agents [45]. Cardiac dysfunction
may increase the risk for dysrhythmias and hypotension. Adjuvants in the injectable
formulations of sedatives (e.g., propylene glycol in parenteral lorazepam) may result in
additional toxic effects.

Fentanyl is a synthetic opioid that is preferred over morphine given that it is associated
with less hypotension and bronchospasm and its clearance is not affected by renal dysfunc-
tion [46]. Fentanyl has been reported to cause muscle rigidity and bradycardia. Fentanyl
patches should be avoided for acute analgesia because the time to reach peak effect is delayed
by up to 24 hours after patch application, and a prolonged drug effect is seen after patch
removal. Hydromorphone has a half-life of 2 to 3 hours and also undergoes glucuronidation
similar to morphine. However, the hydromorphone-3-glucuronide metabolite that is pro-
duced is inactive, making hydromorphone the opioid of choice for use in patients with end-
stage renal disease. Ketamine and other opioid-sparing analgesics such as acetaminophen
are being increasingly administered in the ICU to reduce opioid administration and the
potential side effects associated with opioid use (e.g. constipation, respiratory depression,
risk of future addiction) [42].

Compared with benzodiazepines (e.g., lorazepam and midazolam), propofol and dex-
medetomidine are associated with faster neurologic recovery and a shorter duration of
mechanical ventilation after discontinuation [47]. Moreover, given that benzodiazepine use
is a well-established risk factor for delirium [48,49], the 2013 PAD Guidelines recommend
that propofol or dexmedetomidine be used judiciously in older adults who require contin-
uous sedation [42].

Propofol is an intravenous general anesthetic agent that has a rapid onset and offset of
action and thus provides clinicians with a sedative option that is far more titratable than
other sedative options. Propofol’s duration of effect is longer in the very old elderly. The key
safety concerns with propofol are bradycardia, hypotension, hypertriglyceridemia, and the
propofol-associated infusion syndrome (PRIS). Propofol should not be bolused nor admi-
nistered at a dose greater than 60 µg/kg per minute in the elderly. Serum triglyceride levels
should be checked at least twice weekly. Propofol should be discontinued in a patient who
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exhibits sudden hypotension, metabolic acidosis, and cardiac failure given that these are the
earlier and more common manifestations of PRIS.

Dexmedetomidine is a centrally acting alpha-2 agonist that has sedative and analgesic
properties but no effect on respiratory drive [42]. Older adults are more likely to experience
bradycardia and/or hypotension with its use, particularly patients with severe congestive
heart failure, and thus it should be initiated at a dose of nomore than 0.2 µg/kg per hour and
titrated upward with care. Dexmedetomidine can be particularly effective in older adults
with agitated delirium or in those who are admitted with severe alcohol withdrawal.

Delirium
Delirium is a syndrome characterized by the acute onset of cerebral dysfunction with
a change or fluctuation in baseline mental status, inattention, and either disorganized
thinking or an altered level of consciousness [50,51]. Age is one of the most important
underlying risk factors for delirium. More than a third of older adults have delirium at the
time of ICU admission. Older adults in the ICU should be evaluated for delirium at least
once per shift with a validated screening tool [42]. Treatment options for delirium in the
ICU remain limited [52,53]. Therefore, clinicians should focus on delirium-prevention and
risk-reduction strategies [42]. Many precipitating factors, such as patient immobility,
application of patient restraints, excessive ambient noise, and admission to an ICU room
without windows, clocks, or other features conducive to the maintenance of orientation and
circadian normalcy, are modifiable and are important for clinicians to consider [54].

A number of medications have been reported to cause delirium in the critically ill [43]
(Table 3.7). This is not surprising given the large number of medications administered in
the ICU setting and the frequent presence of end-organ dysfunction that may influence drug
response. The presence of conditions such as sepsis or stroke that may impair blood-brain
barrier integrity and the use of medications with psychoactive properties may mimic
delirium frequently [43]. Home medications such as benzodiazepines and opioids that are
stopped at the time of ICU admission may cause a withdrawal syndrome, the symptoms of
which are similar to those of delirium.

An increasing number of time-dependent, multivariate analyses that incorporate
Markov models to focus on the association between medication exposure (e.g., benzodia-
zepines, corticosteroids, and anticholinergics) and the daily odds of transitioning from an

Table 3.7 Strategies to Reduce Medication-Associated Delirium

• Avoid polypharmacy, and ensure that medication dosing is appropriate.
• Consider medication withdrawal effects (particularly benzodiazepines).
• Avoid anticholinergic medications when possible.
• Avoid benzodiazepines when possible (including sleep aids).
• Avoid use of nonbenzodiazepine sleep aids when possible.
• Use the lowest effective corticosteroid dose.
• Use the lowest effective opioid dose to control pain/optimize nonopioid analgesic.
• Avoid metoclopramide when possible.
• If delirium occurs with levetiracetam, consider other anticonvulsant options.
• Reassess the need for continued antibiotic therapy.
• Monitor diuretic therapy for signs of dehydration and/or electrolyte abnormalities.
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awake and nondelirious state to delirium the next day have been published [48,49,55–57].
A landmark 2006 study of 198 mechanically ventilated adults found that lorazepam admin-
istration was an independent risk factor for a daily transition to delirium (OR = 1.2; 95% CI
= 1.1–1.4, p = 0.003) [48]. A more recent analysis of 1,112 critically ill adults found that
midazolam administration was an independent risk factor for a daily transition to delirium
(OR = 1.04; 95% CI = 1.02–1.05, p < 0.001 per every 5 mg/day of midazolam administered)
[49]. This latter study suggests that for every 5 mg of midazolam administered to a patient
who is awake and without delirium, there is a 4 percent chance that this patient will develop
delirium the next ICU day. Given that the risk for delirium with benzodiazepine use is dose
dependent, clinicians should employ strategies known to reduce the daily amount of
benzodiazepine. Administration of sedatives that are associated with less delirium such as
dexmedetomidine or propofol is preferable [42].

One cohort analysis of 520 mechanically ventilated adults with acute lung injury (ALI)
found that systemic corticosteroid use was significantly associated with transitioning to
delirium from a nondelirious, noncomatose state [55]. However, in a larger analysis of 1,112
patients who received a corticosteroid 35 percent of their ICU days at a median prednisone
equivalent dose of 50 (25–75) mg, corticosteroid administration was not associated with
a daily transition to delirium (OR = 1.08; 95% CI = 0.89–1.32 per each 10-mg increase in
prednisone equivalent administered) [56]. Regardless of the exact risk for delirium with
corticosteroid exposure in older adults, ICU clinicians should continue to evaluate their
patients daily to ensure that they are receiving the lowest effective dose.

Cholinergic deficiency has been traditionally described as an important mechanistic
cause for delirium occurrence. However, in one prospective study of 1,112 critically ill
adults, in which anticholinergic burden was calculated on a daily basis using the
Anticholinergic Drug Scale (ADS) score, a 1-unit increase in the ADS score resulted in
a nonsignificant increase in the probability of delirium occurring the next day (OR = 1.05;
95% CI = 0.99–1.10) [57]. While medications without strong anticholinergic properties are
preferred in the critically ill, the results of this investigation suggest that the association
between anticholinergic medication use and delirium in the critically ill may not be as
significant as previously thought.

Despite the limited evidence to support their use [52,53], antipsychotic agents are
given off label to more than 10 percent of ICU patients, often at high and excessive
doses [58]. Continuation of newly initiated antipsychotics beyond the care setting and
context for which they were prescribed is frequent [58,59]. Moreover, patients with
delirium who are agitated may also be initiated on benzodiazepines, opioids, or sedat-
ing anticonvulsants such as phenobarbital. These factors make delirium an important
contributor to polypharmacy in critically ill older adults. A short course of antipsycho-
tics may be indicated to treat agitation, particularly in patients for whom respiratory
depression is of concern. Recent studies demonstrate the benefit of low-dose haloper-
idol in reducing agitation in patients with delirium [60] or subsyndromal delirium [61].
In addition to the side effects of dexmedetomidine (i.e., bradycardia and hypotension),
the high acquisition cost and a requirement that it be administered as a continuous
infusion in a monitored setting often preclude its administration [62]. There may be
a role for antipsychotics at night in patients who report insomnia, in whom nonphar-
macologic sleep improvement interventions fail, since sleep architecture (an important
determinant of outcome) is less disrupted with antipsychotics than with benzodiaze-
pines or propofol [63].
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Anticoagulation
The risk-benefit decision to initiate anticoagulation therapy for either the prevention or
treatment of venous thrombosis is similar between younger and older adults. However, the
increased risk for the adverse effects, coupled with the pharmacokinetic variability that
exists in critical illness, makes the provision of safe and effective anticoagulation therapy
challenging in older adults in the ICU setting. Older adults may be more sensitive to the
effects of warfarin. This may be related to receptor sensitivity, hypoalbuminemia, malnour-
ishment, or decreased dietary intake of vitamin K. Age-related declines in renal function
may lead to drug accumulation and increased bleeding because a number of anticoagulants
are renally cleared (e.g., low-molecular-weight heparins, fondaparinux, dabigatran)
Fondaparinux is contraindicated in patients with a creatinine clearance of less than
30 ml/min [64]. Both dabigatran and rivaroxaban have been associated with an increased
risk for gastrointestinal bleeding compared with warfarin in patients over 75 years of age
[65,66]. Dabigatran capsules cannot be opened; thus administration can be difficult in
patients who cannot swallow.

The importance of rapid anticoagulation reversal in the setting of trauma and/or falls
has been described previously [67]. Guidelines suggest that 4-factor prothrombin complex
concentrates for the reversal of antifactor Xa inhibitors (e.g., rivaroxaban, apixaban, edox-
aban), but data supporting this practice are limited [68]. Idarucizumab has recently been
shown to rapidly and completely reverse dabigatran in a cohort of patients with serious
bleeding or need for an urgent procedure [69]. While this study was not exclusive to older
adults, the median age was 77 years (range 48–93 years), and only 13 percent had
a creatinine clearances of 30 ml/min or less. Future large-scale pharmacoepidemiologic
studies are needed to determine the efficacy and bleeding risk of these agents in geriatric
patients.

Gastrointestinal
Constipation occurs frequently in elderly ICU patients and is associated with substantial
morbidity [70]. More than 50 percent of long-term care residents (mean age 88 years),
a population that often transitions back to the ICU, take at least one laxative daily, andmore
than half of these users take more than 60 doses per month [71]. A careful medication
history is therefore important when elderly patients present to the ICU because constipation
is a frequent side effect of several medications that are routinely used (e.g., opioid analgesics,
anticholinergic agents, calcium supplements, iron). Bulking agents (e.g., psyllium), osmotic
laxatives (e.g., PEG 3350), and stimulant laxatives (e.g., bisacodyl, senna) are recommended
when constipation does occur [72]. Preemptive laxative therapy is suggested in high-risk
patients such as those receiving scheduled opioid therapy [73].

Acid suppressive therapy for the provision of stress ulcer prophylaxis is widely used in
the critical care setting, and proton pump inhibitors (PPIs) are the agents most commonly
selected [74]. Nevertheless, there are several adverse effects related to PPI use that can
substantially compromise care in the geriatric patient. Several studies have demonstrated an
increased risk for Clostridium difficile infection with PPI therapy [75]. This appears to be
associated with both dose and duration of therapy [76]. Some reports have suggested that
PPIs are also associated with an increased risk for pneumonia [77]. Finally, PPI use has been
linked to fractures, osteoporosis, dementia, and chronic kidney disease [78,79]. While these
adverse effects appear to be related to long-term use, this risk cannot be overlooked given
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that many patients are inadvertently discharged on acid suppressive therapy [4]. One
study even reported higher 1-year mortality in elderly patients who were discharged
from acute care hospitals on PPI therapy [80]. Critically ill geriatric patients should
therefore be appropriately screened for their risk for gastrointestinal (GI) bleeding, and
stress ulcer prophylaxis should be offered only to patients considered to be high
risk [74].

Endocrine
Abnormalities in blood glucose are common in geriatric ICU patients and can be the result
of physiologic stress, diabetes, unrecognized diabetes, or initiation of newmedications (e.g.,
corticosteroids). Approximately 26 percent of people age 65 or older in the United States
have diabetes, and in many, this diagnosis is unknown [81,82]. In the outpatient setting,
most patients are managed with oral hypoglycemic medications, but in the ICU, insulin is
the preferred therapy for glucose control [83,84]. For the unstable patient, continuous IV
insulin infusion is the best method for achieving glycemic targets. Insulin infusions provide
the ability to rapidly titrate insulin administration and respond to changes in clinical status
(e.g., hypothermia, edema, shock), interruptions in dextrose intake, and the provision of
enteral/parenteral nutrition. Subcutaneous insulin may be an alternative for some ICU
patients, particularly those who are clinically stable or preparing for ICU transfer. For
patients who are NPO or have poor oral intake, a basal plus correction insulin regimen (e.g.,
insulin glargine plus regular insulin as needed) is preferred [83]. For patients tolerating oral
diet, a basal-bolus regimen consisting of long-acting insulin (e.g., insulin glargine) plus
short-acting insulin based on nutritional intake is suggested. The sole use of sliding-scale
insulin is strongly discouraged.

Recommendations for a target blood glucose range vary, but guidelines from the Society
of Critical Care Medicine state that insulin therapy should be titrated to keep the glucose
concentration at less than 150 mg/dL and absolutely less than 180 mg/dL [85]. Careful
consideration should be given to preventing hypoglycemia because even a single episode of
hypoglycemia has been associated with poor outcome [86]. Geriatric patients in particular
are at increased risk for hypoglycemia because of insulin deficiency, progressive renal
insufficiency, variability in insulin sensitivity, slowed hormonal regulation/counterregula-
tion, and slowed intestinal absorption [81].

Infectious Disease
More than half of ICU patients receive antibiotic therapy, and the prevalence of use is
higher in older adults [87]. Geriatric patients typically display several of the pharmaco-
kinetic characteristics that warrant dosage adjustment (e.g., decreased clearance,
decreased volume of distribution), but careful evaluation is necessary to ensure that
adequate serum concentrations are achieved. Several studies have revealed that in criti-
cally ill adults, standard doses may not achieve concentrations high enough to reach
established pharmacodynamic goals associated with a clinical cure [88–90]. In one study,
vancomycin doses in patients that did not reach goal area under the curve (AUC):
minimum inhibitory concentration (MIC) targets on day 1 were associated with increased
risk for clinical failure [91]. These data highlight the importance of early, aggressive
dosing in the critically ill, especially when administering drugs that are generally
considered safe (e.g., penicillins, cephalosporins, etc.).
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When crafting an antimicrobial regimen in the critically ill geriatric patient, dosing
principles should be the same regardless of patient age [9]. When applicable (e.g.,
similar susceptibility based on local antibiograms, actual culture and susceptibility,
etc.), drugs with a favorable safety profile should be prioritized over those having
a narrower therapeutic window. A careful assessment of kidney function is necessary.
The decision to lower doses based on renal insufficiency must include a careful
evaluation of the overall risk-benefit of making such adjustments. Practitioners should
recognize that renal function estimates are often inaccurate in the critically ill and that
the sequelae of under dosing may be more severe than the potential side effects of
administering an excessive dose. In clinical settings where doses fall close to the
threshold for a dosing adjustment, a more aggressive approach (i.e., the higher dose)
should be considered, especially for agents with a favorable safety index. Therapeutic
drug monitoring should be used where appropriate.

Strategies to Improve Medication Outcomes
With clinical data for any critically ill older adult being extensive, complex, and rapidly
changing, clinicians must adopt strategies to regularly review drug therapy that are prac-
tical, systematic, and organized. If the use of an “at risk”medication cannot be avoided, the
lowest dose of that medication should be prescribed. The medication profile of all ICU
patients should be reviewed daily to identify medications that may be causing an adverse
event, drug-drug interactions, or may no longer be needed [92]. Professional organizations
and their members, such as the Society of Critical Care Medicine (SCCM), devote sub-
stantial resources and efforts to developing high-quality clinical practice guidelines and
quality-improvement efforts, and this guidance should be incorporated into the routine care
of all older adults [42,85,92].

The critical care pharmacist is now an essential part of the multidisciplinary ICU team
and plays an important role in optimizing drug therapy. The critical care pharmacist
identifies medication-related safety concerns and advises on situations where medication
therapy can be stopped for the older adult population [92,94]. Numerous studies demon-
strate the positive impact that the dedicated critical care pharmacist, when directly involved
in bedside care, can have on the outcomes of critically ill older adults [92,94]. Not only is the
critical care pharmacist adept at reducing adverse drug events, medication errors, and drug
cost, but their daily presence in the ICU will reduce patient mortality and shorten the
duration of ICU stay.

During the course of an illness, transitions of care occur when older adults are at the
greatest risk of experiencing adverse events. Sustaining and properly communicating
correct medication information across healthcare settings are important national safety
goals of the Joint Commission on Accreditation of Healthcare Organizations [95]. Patients
with cognitive impairment and takingmore than fivemedications a day (i.e., polypharmacy)
represent a substantial proportion of older adults being discharged from the ICU. They are
at a particularly high risk of experiencing adverse drug events during transitions of care
[95]. Medication deprescribing and reconciliation should be mandatory at the time of the
ICU admission and discharge and should involve nurses, pharmacists, and physicians
[9,96–98]. Potentially inappropriate medications such as antipsychotics, opioids, antic-
holinergics, antidepressants, acid suppressive agents, and drugs causing orthostasis should
be targeted during this process.
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Conclusions
Older adults are increasingly being admitted to the ICU, and the way in which drug therapy is
initiated, monitored, and discontinued in this setting will influence their outcome. Critically
ill older adults are among the most complex patients to optimize medications, given their
multiple comorbidities, new end-organ damage, and high frequency of invasive/surgical
procedures. All these factors can profoundly influence the safety and efficacy of any pre-
scribed medication regimen and must be understood and evaluated when optimizing phar-
macotherapy-related outcome. Clinicians seeking to optimize pharmacotherapy in the
geriatric critically ill patient must have knowledge of the pharmacology, pharmacokinetics,
and comparative evidence for all medications that are used in the ICU. Adverse drug events
are common in the ICU and will frequently result in increased patient morbidity and
mortality and higher healthcare costs. Critical care pharmacists can play an important role
in helping to optimize medication-related outcomes in this population. Formal strategies such
as medication reconciliation should be employed to reduce unnecessary post-ICU drug use.
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Chapter

4
Respiratory Critical Care
in the Elderly

Jonathan M. Siner and Margaret A. Pisani

Key Points

• The incidence of acute respiratory distress syndrome rises with age and is likely
related to the increased incidence of sepsis with increasing age.

• Age-related changes in pulmonary function include a decrease in forced vital
capacity (FVC), forced expiratory volume in 1 second (FEV1), and arterial partial
pressure of oxygen (PaO2) and an increase in the oxygen arterial-alveolar (A–a)
gradient.

• Both the incidence of pulmonary embolism and the mortality from pulmonary
embolism increase with age.

• There are no specific guidelines related to optimal ventilator modalities for older
patients.

• For older patients with ventilator-associated pneumonia, aspiration or
microaspiration often is a contributing factor.

• Local hospital antibiograms should be used when treating patients with ventilator-
associated pneumonia.

Introduction
Respiratory diseases in older patients are a major reason for admission to the intensive care
unit (ICU), and critical complications related to underlying respiratory disease have a major
impact on patient outcomes. The incidence of acute respiratory failure increases dramati-
cally with age [1]. Older adults (defined as age > 65 years) comprise nearly 50 percent of ICU
admissions in the United States [2,3]. Among all ICU patients who receive mechanical
ventilation, 125,000 survive to discharge. Half of these survivors are ultimately readmitted
to the hospital, and 30 to 60 percent die within 6months. Interestingly, there is also evidence
that older adults are receivingmore intense care in critical care unit settings, and this may be
the cause of decreased mortality [2]. Therefore, understanding the issues related to older
adults with respiratory problems is essential to delivering appropriate medical care and
providing accurate prognostication for this population [4,5].

Background: Respiratory Physiology and Age
The respiratory system undergoes many changes with aging that reduce reserve and have
substantial impact on an individual’s capacity to tolerate the stresses of critical illness.
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Table 4.1 lists some of the age-related changes in respiratory physiology. Age-related
changes in respiratory function are defined by decreased strength of the respiratorymuscles,
a decrease in the elastic recoil of the lung, and a decrease in chest wall compliance [6].
Ventilatory reserve decreases substantially with age as a result of multiple interrelated
physiologic changes: osteoporosis, kyphosis, and decreased mobility of joints (e.g., rib-
vertebral articulation). Together these changes lead to decreases in lung volume and
combined lung and chest wall compliance [7]. Elastance decreases, leading to increased
lung compliance, as a result of changes in elastin structure and elastin-collagen ratios [8,9].
The combination of increased lung compliance and decreased chest wall compliance leaves
total lung capacity unchanged, but the resulting increase in residual volume means that the
vital capacity is reduced, along with a concomitant reduction in expiratory flow rates, as
measure by forced expiratory volume in 1 second (FEV1) [8]. There is also an age-related
decrease in FEV1 of 10 to 30 ml per year and a concomitant decrease in diffusing capacity
after the age of 40 [10,11] (Figure 4.1). These limitations mean that the requirement for
increased minute ventilation during exercise or illness is met in large part by increases in
respiratory rate. Additionally, because age-related decreased chest wall compliance is
proportionally larger than the increased lung compliance, the net compliance of the
respiratory system is decreased, and therefore, resting work of breathing is increased and
the diaphragm and abdominal muscles contribute proportionally more to the work of
breathing than the thoracic muscles when compared with younger patients [12].

Respiratory muscle performance is impaired by age-related changes in muscle and bone
relationships and increased FRC from decreased elastic recoil of the lung [12]. Respiratory
muscle status is related to nutritional status and lean body mass; therefore, malnutrition
reduces muscle strength and maximal ventilation [13]. Age is significantly correlated with
reduced respiratory muscle function and walking capacity [14]. There is a progressive
decline in diaphragmatic strength (25 percent) in healthy elderly persons.
An investigation into the response of the respiratory muscles to graded exercise demon-
strated greater participation of diaphragmatic motion together with rapid shallow breathing
during lower-graded exercise in the elderly compared with the young [15]. With regards to
gas exchange, an increase in dead space and shunt fraction and a reduction in diffusing
capacity have been associated with increasing age [16]. It is estimated that the arterial partial

Table 4.1 Respiratory System Age-Related Changes

Decreased vital capacity (VC)

Decreased forced expiratory volume in 1 second (FEV1)

Increased functional residual capacity (FRC)

Increased residual volume (RV)

Reduced elastic recoil of the lung

Reduced arterial partial pressure of oxygen (PaO2)

Increased O2 arterial-alveolar (A–a) gradient

Increased chest wall stiffness, kyphoscoliosis

Decreased respiratory muscle strength

Decreased respiratory center sensitivity to hypoxia and hypercarbia
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pressure of oxygen (PaO2) decreases by an average rate of 0.35 mmHg per year. Mean
arterial oxygen tension on room air decreases from 95 mmHg at age 20 to less than 70
mmHg at age 80. These changes are caused by an increased degree of ventilation/perfusion
(V/Q) mismatching and, to a lesser extent, pulmonary shunting. These changes would be
expected to impair carbon dioxide elimination and oxygenation in the setting of
a significant respiratory insult (e.g., acute respiratory distress syndrome [ARDS]). A study
of airspace size relative to age found airspace enlargement in older subjects [17]. In addition
to the physiologic changes in lung function, the neural sensing andmodulating responses by
the central nervous system (CNS) of the respiratory system also change with age. Older
subjects have a significantly lower ventilatory response to both hypoxia and hypercapnia,
and occlusion-pressure response to both hypercapnia and hypoxemia is reduced by a similar
magnitude. The alteration in CNS efferent control is thought to be secondary to the lower
augmentation of respiratory drive in older adults [18].

Older adults are more likely to have concomitant illnesses that have an impact on their
respiratory system. Congestive heart failure has a significant negative effect on respiratory
muscle strength and tension-time index, which is important given that cardiac disease and
respiratory disease are commonly coincident [19]. In one study, the prevalence of inspiratory
muscle weakness was as high as 76 percent in patients who were hospitalized because of
acute heart failure [20]. Hypertension, lower extremity edema, and diabetes are indepen-
dently associated with a lower level of lung function [21]. It is clear that concomitant diseases
associated with aging taken together have a substantial impact on respiratory function.

Risk Factors for Respiratory Failure in Older Adults
Acute respiratory failure is a common complication of critical illness in older adults and is
due in large part to the increase in prevalence of chronic illnesses, major organ dysfunction,
and an increased risk of acquired causes of respiratory failure [22,23]. The incidences of
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Figure 4.1 Changes in lung volumes and capacities with aging. Residual volume and functional residual capacity
(FRC) increase with age, whereas total lung capacity remains the same. Closing volume increases with age
and exceeds FRC in the supine position at about age 45 and exceeds FRC in the upright position at about age 65.
(Source: Adapted from Corcoran TB, Hillyard S. Cardiopulmonary aspects of anaesthesia for the elderly. Best Pract Res
Clin Anaesthesiol 2011; 25:329–54. Used with permission.)
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pulmonary embolism, chronic obstructive pulmonary disease (COPD), congestive heart
failure, and community-acquired pneumonia all rise with age [22,24]. Furthermore, as
many as 47 percent of patients over age 65 who have acute respiratory failure have two
diagnoses as the etiology of their respiratory decompensation. This is in large part due to the
high incidence of congestive heart failure and COPD in this population. The increased
incidence of major organ dysfunction combined with decreased pulmonary reserve is likely
responsible for the exponential increase in respiratory failure from the third through the
ninth decades of life [1,25,26]. Specifically, in the surgical population, an investigation
regarding risk factors for postoperative intubation demonstrated that smoking status,
presence of COPD, emergent intervention, and age were important determinants of risk
[27]. A separate investigation had similar findings, confirming the role of age as a risk factor
for unplanned postoperative intubations, and noted an 18-fold increase in mortality risk
associated with unexpected requirement for mechanical ventilation [28]. In a review of
surgical ICU admissions, it was noted that 48 percent of the readmissions were due to
respiratory complications and that readmitted patients were older [29].

Acute Pulmonary Embolism
The occurrence of pulmonary embolism (PE) increases with age, and elderly patients have
the highest risk of venous thromboembolic disease (VTE), with an incidence greater than
1 percent per year [30]. With regard to the clinical presentation of PE, older adults report
less pleuritic chest pain and are more likely to present with syncope [31]. In an evaluation of
older patients, it was noted that only 5 percent of those older than 80 years age have
a negative D-dimer test compared with 50 percent of patients younger than 50 years of
age [32]. A multicenter prospective management outcome study of patients with suspected
PE demonstrated that an age-adjusted D-dimer cutoff was associated with a larger number
of patients in whom PE could be ruled out [33].

Elderly patients with a PE have a high (>20 percent) 3-year mortality predominantly
due to the high frequency of cancer and other comorbidities [34]. Risk assessment is
generally performed based on echocardiography and measurement of circulating biomar-
kers associated with right ventricular strain. While echocardiographic evidence of right
ventricular dysfunction is often used clinically to stratify risk, the extent of right ventri-
cular dysfunction does not appear to be associated with mortality in older adults [35].
Cardiac biomarkers are more useful for identifying low-risk individuals with nonmassive
PEs than echocardiography data, and these findings have been replicated in older adult
populations [36,37].

New interventions for both massive and submassive PEs include ultrasound-assisted
catheter-directed low-dose thrombolysis, which is still under investigation, but early studies
have shown efficacy with possibly a lower risk of hemorrhage, although those studies may
not be adequately powered to detect this complication [38,39]. Meta-analyses of prior
investigations of thrombolysis for massive PEs have suggested that bleeding complications,
including intracranial hemorrhage, are higher in those with advanced age, but whether is it
is age or simply the concomitant risk factors, including malignancy, that increase risk is
unknown [40,41]. While there are no specific independent guidelines for elderly adults who
are critically ill with massive PEs, the current literature suggests that they be treated similar
to the general population, but with recognition of the potential for increased risk of
complications due to age and burden of comorbidities.
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Pneumonia in Older Adults
Several studies have demonstrated that older patients have an increased incidence of
pneumonia and greater mortality after pneumonia compared with younger patients.
The physiologic changes discussed earlier and a reduced ability to expectorate and clear
bacteria and decreased physiologic reserve are factors that increase this risk. In addition,
oropharyngeal bacterial colonization with Staphylococcus aureus, Klebsiella pneumonia, and
Escherichia coli are more common in elderly patients and serve as harbingers of subsequent
pneumonia. Patients with severe community-acquired pneumonia who are older than 65
years of age have many preexisting diseases, including COPD (48 percent), heart disease
(16 percent), diabetes (18 percent), and malignancy (12 percent) [42]. Elderly patients are
more at risk for aspiration, including silent aspiration [43]. Factors supporting this include
alterations in the swallowing mechanism that occur with age, cognitive impairment, med-
ication use, malnutrition, poor oral health, and Parkinson’s disease [44].

Frail older patients may not present with the typical fever, cough, and shortness of
breath that characterize pneumonia in younger patients. Many older patients with pneu-
monia present with nonproductive cough, delirium, anorexia, falls and dizziness, or signs of
sepsis. Older patients who present with hypothermia and sepsis from pneumonia have
significant in-hospital mortality [45].

While older patients frequently have bacterial pneumonia and sepsis precipitating an
ICU admission, they also are frequently critically ill secondary to viral respiratory infec-
tions. Patients older than 65 years have higher rates of hospitalization for laboratory-
confirmed influenza. In the United States during the 2014–15 influenza season, the rates
of hospitalization for patients older than 65 years was 258 per 100,000 population compared
with 41 per 100,000 population for younger patients [46].

A recent systematic review examined current evidence on antibiotic treatment of older
adults with community-acquired pneumonia (CAP), healthcare-associated pneumonia
(HCAP), hospital-acquired pneumonia (HAP), and ventilator-associated pneumonia
(VAP). This study demonstrated that patients older than age 65 are often excluded from
clinical trials of bacterial pneumonia, and no data were found on the comparative efficacy of
antibiotic treatment in elderly adults compared with younger patients [47]. What the study
did note was increased treatment failure rates in participants who were aged 65 years and
older.

Ventilator-associated pneumonia is a complication for older patients in the ICUwho are
mechanically ventilated. There are no studies examining the recognition or treatment of
VAP in older patients, and general guidelines should be followed. The 2016 Infectious
Disease Society of America guidelines on HCAP and VAP make recommendations regard-
ing treatment, including using hospital-specific antibiograms to guide empirical antibiotic
choices. There are no recommendations based on patient age [48]. One study using
a molecular microbiology study of 44 patients age 60 years and older demonstrated that
gastro-pulmonary aspiration is an important mechanism in the development of VAP,
especially late-onset VAP [49]. Risk for aspiration should be recognized and evaluated in
all older patients on mechanical ventilation and after extubation.

Acute Respiratory Distress Syndrome in Older Adults
Acute respiratory distress syndrome (ARDS) is a disease resulting in acute hypoxemic
respiratory failure most commonly due to sepsis, pneumonia, aspiration, trauma,
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pancreatitis, and transfusion of allogeneic blood products. The injury of ARDS involves the
alveolar epithelium and the lung capillary endothelium. The definition of ARDS was revised
(Berlin definition) in 2012 and demonstrates better predictive validity for mortality com-
pared with the 1994 American-European Consensus Conference definition. Table 4.2 lists
the Berlin definition of ARDS [50]. The significantly increased incidence of ARDS asso-
ciated with older age is partly due to the higher incidence of sepsis with aging, the primary
risk factor for ARDS in adults [51,52]. An investigation of ARDS in the trauma population
showed that the incidence of ARDS increases with age but plateaus in the 60- to 69-year-old
population [53]. In a global incidence study, 10.4 percent patients with ICU admissions and
23.4 percent of patients requiring mechanical ventilation had ARDS. These results are
similar to those of prior investigations, where clinical recognition of ARDS was only
51.3 percent for mild ARDS but increased to 78.5 percent for severe disease [54].

The first large randomized, controlled trial to evaluate a therapy for ARDS was
published in 2000 and demonstrated that the ARDSnet approach to low-tidal-volume
ventilation results in a substantial reduction in mortality [55]. The original ARDSnet
investigation was notable for a young mean age and excluded patients with significant
chronic lung disease, leaving open the question of whether this study is generalizable to the
large population of older adults who develop sepsis and ARDS. Furthermore, because the
low-tidal-volume strategy used tidal volumes and plateau pressures and older adults are
known to have increased lung compliance and decreased chest wall compliance, it remains
unknown whether the ARDSnet strategy would have the same effect in older adults with
different pulmonary responses to similar volumes and pressures. A reanalysis of prior
studies in ARDS found that while overall survival was high, older adults were twice as likely
to die of acute lung injury and had greater difficulty achieving liberation from mechanical
ventilation and being discharged from the ICU than younger adults [56]. In addition to low-
tidal-volume ventilation, investigators have examined several other therapies for ARDS.
A follow-up study by the ARDSnet investigators examined the role of corticosteroids as
adjunctive therapy and showed that pulmonary parameters improved but that the increased
rate ofmuscle weakness led to an increase in reintubations, and this would be of even greater
concern in an older adult population [57]. Prone positioning has been investigated several

Table 4.2 Acute Respiratory Distress Syndrome: The Berlin Definition

• Onset within 1 week of a known clinical insult or new/worsening respiratory symptoms.
• Chest imaging with bilateral opacities not fully explained by effusions, lobar/lung collapse, or

nodules.
• Respiratory failure not fully explained by cardiac failure or fluid overload; objective assessment

needed, such as echocardiography.
• Oxygenation:

• Mild: 200 mmHg < PaO2/FIO2 ≤ 300 mmHg with PEEP or CPAP ≥ 5 cmH2O
• Moderate: 100 mmHg < PaO2/FIO2 ≤ 200 mmHg with PEEP or CPAP ≥ 5 cmH2O
• Severe: PaO2/FIO2 ≤ 100 mmHg with PEEP ≥ 5 cmH2O

Abbreviations: PaO2 = partial pressure of arterial oxygen; FIO2 = fraction of inspired oxygen; PEEP = positive end-
expiratory pressure; CPAP = continuous positive airway pressure.
(Source: From Ranier et al. [50].)
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times over the past decade, and the most definitive study of prone positioning for ARDS
demonstrated improved outcomes, and importantly, the average age was approximately 60
years, but with large standard deviations consistent with the fact that a fair number of these
patients were older adults. This trial showed significant reductions in mortality and ICU
length of stay, and this approach has been adopted as a component of standard care for
those with ARDS [58].

Additional supportive therapies that have received great attention in the past decade
include a resurgent interest in the use of extracorporeal membrane oxygenation (ECMO).
Most institutions and protocols have generally excluded the use of ECMO in older patients
(age greater than 60 or 65 years). The authors of the CESAR trial recommended transferring
patients with severe but potentially reversible hypoxemic respiratory failure, based on
Murray score, to an ECMO center to improve survival without disability. The study itself
started with 766 patients, of which 586 were excluded, and of those excluded, 10 percent of
those referred for enrollment were excluded due to age (>65 or <18 years). These age-based
exclusions are fairly standard for ECMO, and thus the implications of ECMO for older
adults are unclear [59]. In a retrospective review of the Extracorporeal Life Support
Organization (ELSO) registry from 1990 to 2013 for adults of age greater than 65 years,
survival for older adults was 41 percent versus 55 percent for the entire population.
Nonsurvivors were more likely to have hemorrhagic complications (cannulation site,
pulmonary hemorrhage, disseminated intravascular coagulation, excessive hemolysis
while on ECMO support). Death from withdrawal of life support occurred in 11 percent
of patients. While the mortality rate in this review was certainly higher for older adults, the
survival rate was still in a range that many clinicians would consider acceptable for a lethal
disease when there are limited alternative options [60].

Mechanical Ventilation in Older Adults
There are no data to suggest that one mode of mechanical ventilation is better than any
other mode of ventilation in older patients. As noted earlier in relation to ARDS, the study
population used in the landmark study of low-tidal-volume ventilation did not include
many older patients, and it also excluded many patients based on comorbidities, which are
common in the elderly. Interestingly, a recent study using Medicare data demonstrated that
among hospitalized nursing home residents with advanced dementia, there was an increase
in the use of mechanical ventilation over time without substantial improvement in survival
[61]. The use of mechanical ventilation increased from 39 per 1,000 hospitalizations in 2000
to 78 per 1,000 hospitalizations in 2013 [61]. As the number of ICU beds in a hospital
increased over time, patients with advanced dementia were more likely to receive mechan-
ical ventilation.

Discontinuation of Mechanical Ventilation and Prolonged
Mechanical Ventilation
Expertise in liberation frommechanical ventilation has evolved over the past 20 years, yet it
remains unclear specifically how the current knowledge applies to older adults. Because at
baseline older adults have a respiratory exertional response that is similar to rapid shallow
breathing, using this measure may be a less accurate marker of ongoing respiratory failure
during weaning in the elderly [7,62]. Thus, physiologically, a patient may be judged to have
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failed a spontaneous breathing trial (SBT) when they have not. Yet this observation is
further complicated by the fact that older adults also have a diminished response to hypoxia
and hypercapnia, and therefore an older adult patient on a SBTmay bemore likely to appear
comfortable despite having developed significant hypoxia or hypercapnia [18]. The most
direct evidence regarding older adults and extubation comes from a study by Ely et al., who
investigated outcomes of older patients in a large multicenter trial of ARDS [56]. Although
older patients achieved physiologic recovery from acute lung injury in equal proportions to
younger patients, their ICU length of stay and duration of mechanical ventilation were
increased because of higher reintubation rates. In a medical ICU population, El Solh et al.
observed that patients older than age 70, compared with a younger matched cohort, were
more likely to fail extubation because of an inability to handle secretions [63]. While
liberation from mechanical ventilation in older adults remains an area in which there are
limited data, it is clear from an understanding of physiology and our limited data that the
intensivist should carefully consider the impact of aging on respiratory function when
making decisions on liberation from ventilation.

Prolonged mechanical ventilation (PMV) is defined as requiring mechanical ventilator
support for longer than 21 days. Approximately 300,000 individuals annually in the United
States require mechanical ventilation in the acute setting for more than 4 days [64]. Among
these individuals, 3 to 7 percent will survive and remain ventilator dependent after 21 days
[65]. Tracheostomy use in those requiring mechanical ventilation rose substantially from
1993 to 2008 (from 6.9 percent in 1993 to 9.8 percent) but then began a slow decline. This
increase in the tracheostomy rate was driven primarily by patients in the surgical population
and was associated with a decreased length of hospital stay [66]. A study of 437 admissions
to a long-term acute care hospital (LTACH) for PMV between 2001 and 2006 investigated
the impact of age on survival and discontinuation of mechanical ventilation. Increasing age
was associated with more physiologic abnormalities and comorbidities, but after adjust-
ment for these factors, the authors did not find an independent effect of age on ability to
wean [67]. In the postacute settings, elderly adults were most likely to have successful
discontinuation of mechanical ventilation if they had fewer comorbidities and less respira-
tory impairment, and interestingly, these factors were more important than physical func-
tion prior to the acute care hospitalization [68]. While the authors do not comment on this
specifically, their data show that regardless of age, fewer than 10 percent of adults who failed
to wean are alive at 24 months. While age alone was not associated with survival per se, for
adults older than 84 years of age with PMV, those who were able to be weaned had a survival
rate of only 20 percent at 24 months [68].

Conclusion
The respiratory system changes substantially with aging such that older adults have dimin-
ished ventilatory and oxygenation reserve and are at higher risk than younger adults of
developing most common respiratory ailments, including pneumonia, ARDS, and respira-
tory failure. While much is known about these common respiratory ailments and there have
been many controlled trials, age-specific knowledge is much more limited. Despite this, the
evidence does suggest that while age increases the risk of developing certain adverse
outcomes, it is important to keep in mind that it often the concomitant illness and
comorbidities that drive the response to therapy and outcome more than simply the
chronologic age.
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Chapter

5
Neurocognitive Dysfunction
and Geriatric Neurocritical Care

Tracy J. McGrane, Pratik P. Pandharipande
and Christopher G. Hughes

Key Points

• Acute brain dysfunction is common among the elderly population and is often
unrecognized, leading to long-term consequences.

• Increased hospital length of stay, increased hospital cost, increased morbidity and
mortality, and reduced quality of life have all been attributed to acute brain
dysfunction in elderly patients.

• The geriatric population tends to have a higher incidence of acute brain dysfunction
due to an age-related increase in blood-brain barrier permeability to cytokines and
a basal pro-inflammatory state.

• Changes in structure, function, metabolism, and blood flow in the aging brain lead to
cognitive impairments, most frequently episodic memory changes, and an increased
risk of delirium in the acute setting.

• The mechanism for delirium has not been fully elucidated, but current hypotheses
support a multifactorial neuroinflammatory etiology.

• Education of healthcare professionals in diagnosing andmanaging delirium has been
shown to reduce delirium rates and is a cost-effective delirium prevention strategy.

• Several risk factors for delirium are modifiable.
• Management of delirium is comprised of both pharmacologic and

nonpharmacologic interventions.

Overview of Clinically Relevant Neurocognitive Changes
with Aging
The population of septuagenarians, octogenarians, and even nonagenarians presenting for
care in intensive care units (ICUs) has been increasing in recent years. Knowledge regarding
physiologic changes that are specific to this patient population continues to evolve. Every
major organ system has adaptive physiologic changes with increasing age, and the central
nervous system (CNS) is no exception. Important neurophysiologic changes in the CNS
include reduced brain volume, decreased neurotransmitters, reduced synaptic plasticity,
increased blood-brain barrier permeability, and reduced microvascular blood flow [1].
Brain atrophy from neuronal cell death begins after 40 years of age and preferentially affects
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the prefrontal cortex, hippocampus, and cerebellum, with a greater loss of white matter
compared with grey matter [2]. A decrease in neurotransmitter availability has been
associated with declines in cognition, motor function, synaptic plasticity, and neurogenesis.
Increased blood-brain barrier permeability results in an increased inflammatory response in
the CNS, structural damage, and altered patterns of neuronal activity [3,4]. Finally, cerebral
vascular resistance increases, capillary blood flow redistributes, and deformities in micro-
vasculature increase with age, all contributing to altered microvascular blood flow in the
brain [2].

The physiologic changes in the CNS of the elderly often manifest as changes in cogni-
tion. This typically includes a decline in memory, in particular episodic memory.
Physiologic changes also play a role in the significant changes patients experience during
and after critical illness, making elderly patients more susceptible to acute neurologic insults
that cause further pathologic changes in the CNS (e.g., neurotransmitter imbalance, neu-
ronal injury, neurodegeneration). The changes likely lead to the clinical presentation of
acute brain dysfunction in the hospital and may contribute to changes in cognition after
a critical illness.

Key Concepts with Evidence-Based Discussion

Acute Brain Dysfunction
Definition, Diagnosis, and Clinical Features

Acute brain dysfunction can occur when there is an imbalance of the brain’s homeostatic
reserve and acute stressors. The term acute brain dysfunction most commonly refers to
delirium but may also include coma. Delirium is an acute disorder of attention and
cognition [5]. A comprehensive psychiatric evaluation using criteria based on the
Diagnostic and Statistical Manual of Mental Disorders (DSM), 5th edition, from the
American Psychiatric Association [6], is considered the gold standard for diagnosing
delirium. Important diagnostic features of DSM-5 delirium include sudden onset of altered
consciousness, reduced capacity to maintain one’s attention and awareness, and disorga-
nized thought process, all of which cannot be better explained by another neurocognitive
disorder or severely reduced arousal. Pragmatically, the DSM-5 definition may be challen-
ging to apply in clinical settings, especially in geriatric critically ill patients who may have
baseline cognitive impairment or neurologic injury [7]. The mental status therefore must be
an acute change from baseline impairments and fluctuate throughout the day.

Clinically, delirium is often suspected when one has fluctuating attention and conscious-
ness causing impaired awareness. One may also exhibit disorientation, episodic memory
disorders, and delusions or hallucinations that lead to an abnormal perception of the
environment. A number of well-validated approaches for diagnosing delirium in the critical
care setting exist, with the most widely recognized methods being the Confusion
Assessment Method for the Intensive Care Unit (CAM-ICU) [8] and the Intensive Care
Delirium Screening Checklist (ICDSC) [9]. The CAM-ICU, originally described by Ely et al.,
is a four-element diagnostic algorithm that trained healthcare professionals can easily
employ in less than 2 minutes [8]. It assesses for acute changes/fluctuations in mental
status, inattention, disorganized thinking, and an altered level of consciousness (Table 5.1).
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The ICDSC assesses eight diagnostic features of delirium over an entire nursing shift
(altered level of consciousness, inattention, disorientation, psychosis, altered psychomotor
activity, inappropriate speech/mood, sleep disturbance, and symptom fluctuation). Given
the fluctuating nature of delirium, it is imperative that delirium assessments be performed
serially. Of special challenge in geriatric critical care is delirium superimposed on dementia
and delirium in those with primarily neurologic insult (i.e., stroke). The CAM-ICU has
demonstrated high sensitivity and specificity, and the Richmond Agitation-Sedation Scale
[10] has demonstrated moderate sensitivity and high specificity for delirium superimposed
on dementia [11,12]. The CAM-ICU has also been validated for poststroke delirium
assessment and should be employed for the detection of delirium in this subset of elderly
patients [13].

Delirium can have varying clinical presentations, and three different motor subtypes of
delirium (hypoactive, hyperactive, and mixed) have been described. Hypoactive delirium is
characterized by symptoms of lethargy, decreased movement, and slowed mentation,
whereas the hyperactive subtype manifests as agitation, heightened arousal, or aggression
[14]. Additionally, a patient may have features of both subtypes, which is referred to as
a mixed delirium [14]. Hypoactive delirium has been found to be the predominant subtype
among elderly patients [15]. It is less clinically apparent than the hyperactive subtype, which
may lead to a delayed diagnosis. In addition to diagnosing delirium and subtypes, the
severity of the deliriummay be rated using the DeliriumRating Scale–Revised-98 [16] or the
Confusion Assessment Method–Severity (CAM-S) [17].

Postoperative delirium (POD), a commonly used clinical term, is recognized as a medical
diagnosis code that is a subset of delirium in the tenth edition of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10) system. Postoperative
cognitive dysfunction (POCD), another widely used term, is not recognized in the ICD-10
system. POCD typically refers to deficits that have a longer duration (weeks to years) than
delirium (hours to days).

Outcomes Associated with Acute Brain Dysfunction

Previously, acute brain dysfunction was thought to be a transient, reversible, and self-
limited process [18–22]. More recently, it has become clear that acute brain organ
dysfunction in critically ill patients is a predictor of worse clinical outcomes and that
deliriummay have significant long-term consequences. Patients with delirium take longer
to wean from mechanical ventilation and have longer ICU and hospital lengths of stay
[23]. Furthermore, they are more likely to require institutionalization or to be readmitted
after discharge [23,24]. Patients with delirium therefore have higher hospital costs [25,26].

Table 5.1 Confusion Assessment Method–Intensive Care Unit (CAM-ICU)

Acute onset of mental status change or fluctuation course

AND

Inattention

AND

Disorganized thinking or altered level of consciousness
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In general, costs associated with delirium are estimated to be over $160 billion per year in
the United States alone [5]. Delirium in the ICU has also been associated with increased
risk of death, in particular when it persists for multiple days or after sedation has been
discontinued [23,24,27,28]. Studies in surgical patients focusing on POD have found
significant associations with increased length of stay, higher cost of care, readmission to
the hospital, higher rates of institutionalization after discharge, and increased mortality
[26,29,30]. Surgery combined with early postoperative neurologic dysfunction, including
even minor reductions in performance (defined as a Mini Mental Status Exam score < 24),
has recently been shown to be a negative prognostic factor among elderly patients with hip
fractures with a nearly 15 percent mortality rate [31], which is double that of patients
without delirium. Studies have now begun examining the association of subtype of
delirium and severity of delirium with clinical outcome. In a study of elderly patients
admitted to the ICU postoperatively after an elective surgery, patients suffering from
hypoactive delirium had increased 6-month mortality compared with patients suffering
from other subtypes [32]. Increased hospital length of stay and mortality have been
associated with increased severity of delirium [17]. Poststroke delirium has been asso-
ciated with increased hospital length of stay [13].

Although delirium represents acute brain dysfunction, it has additionally been linked to
long-term cognitive impairment [33–36]. Recent observational studies of critically ill
patients have shown that nearly three-fourths of survivors have cognitive impairment
1 year after the hospitalization [33] and that advancing age and duration of acute brain
dysfunction were significant risk factors for worse global cognition [34]. Although the
relationship has yet to be fully elucidated, POD appears to be associated with POCD [34–
36] Furthermore, delirium has been shown to accelerate cognitive decline in patients with
Alzheimer’s disease [37,38] and be associated with worse cognitive decline in patients with
and without dementia [39]. Thus long-term changes in cognition are a recognized compli-
cation associated with delirium in the geriatric population [33–36], but whether or not this
reflects progression of the underlying pathology from delirium is unclear [40]. A better
understanding of the disease process is needed prior to determining whether these are
distinct entities or a single coherent syndrome. This is vitally important to patients because
there is evidence that older adults with limited life expectancy may value preservation of
cognitive status over survival [41]. Neither baseline nor post–critical illness cognitive status
is routinely measured in a rigorous manner [42]; therefore, it has been difficult to determine
which strategies are effective in preserving long-term brain function after critical illness,
especially in the high-risk elderly patients.

Epidemiology
Incidence

The incidence of delirium in elderly patients has been reported as high as 50 to 80 percent,
with the highest incidence among critically ill patients on mechanical ventilation [5,33].
Data demonstrate that most delirium in the ICU goes undiagnosed without a regular
screening tool [43], and it is universally acknowledged that the incidence of delirium is
likely to be underreported, with up to 50 percent of cases being undiagnosed [44].
Hypoactive delirium in particular is easily and frequently overlooked by healthcare profes-
sionals due to a lack of awareness of the importance of its recognition and lack of education
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on how to perform a formal delirium assessment [45,46]. Current critical care guidelines
therefore recommend routine delirium screening, which is particularly important in elderly
patients given their increased risk [47].

Risk Factors

Delirium diagnosis identifies the constellation of acute brain dysfunction signs but does not
identify the etiology. It should therefore prompt further investigation into potential risk
factors for delirium. Delirium risk factors are numerous and can be stratified into predis-
posing and precipitating factors (Table 5.2). Diminished preoperative cognitive status is
probably the biggest risk factor for delirium in the elderly population [48]. Age greater than
75 years and cerebrovascular disease have also been identified as risk factors for delirium
specific to the elderly [48]. Frailty, which is common in the elderly and refers to critically
reduced or impaired functional reserves that may involve multiple organ systems, has been
shown to be independently associated with a greater risk of developing delirium [49–51].

Other risk factors for delirium include lower levels of education, major comorbid
disease, major surgery, acute renal failure, vision or auditory disturbances, alcoholism,
infection, and electrolyte disorders [5,52]. Use of physical restraints, use of urinary cathe-
ters, malnutrition, and acute pain have also been reported as risk factors [53]. High and low
mean arterial pressures, as well as overall blood pressure fluctuations, have been associated
with increased risk of delirium in elderly individuals, but the optimal blood pressure target
has not been determined with regard to delirium [54–56]. While transfusion and blood loss
can be associated with delirium, liberal versus restrictive packed red blood cell transfusion
targets found no difference in either delirium rates or severity in patients undergoing hip
surgery [57,58].

Table 5.2 Delirium Risk Factors

Predisposing risk factors Precipitating risk factors

Cognitive impairment Medications (benzos, opioids,
anticholinergics, steroids)

Functional impairment Use of a urinary catheter

Visual impairment Use of physical restraints

Hearing impairment Infection

Dementia Major surgery (cardiac, thoracic,
vascular, orthopedic,
abdominal)

Advanced age Metabolic derangements

Alcohol abuse Trauma

History of stroke Coma

History of delirium Poor pain control

Comorbid diseases Sleep disturbances

Severity of illness Hypotension

Malnutrition Mechanical ventilation
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A handful of sedative medications has been associated with delirium development,
including benzodiazepines and opioids. Longer-acting benzodiazepines and opioids with
active metabolites are more likely to be associated with increased risk of delirium. This is
likely related to drug accumulation due to the normal physiologic changes that occur with
aging, such as renal and hepatic insufficiency [59]. Benzodiazepine infusions to provide
sedation for mechanically ventilated patients are strong contributors to delirium compared
with other sedative regimens [60–62]. Deep levels of sedation also carry a higher risk of
delirium [60]. General anesthetics have been hypothesized to contribute to both post-
operative cognitive dysfunction and dementia, but the evidence is inconsistent, and clear
causal association has yet to be established [63–66]. Furthermore, most recent studies have
not demonstrated a link between general anesthesia and cognitive impairment [34,67–70].

Other medications hypothesized to precipitate delirium through altered neurotransmis-
sion include those with anticholinergic, serotonergic, or dopaminergic properties (com-
monly used hospital medications include classic antihistamines, cyclobenzaprine,
meperidine, famotidine, scopolamine, benztropine, oxybutynin, and tricyclic antidepres-
sants). Treatment with corticosteroids has also been linked to delirium, although it has not
been fully elucidated as to whether this is due to the severity of illness and ensuing increased
neuroinflammatory response or the known psychological side effects of steroid use [71].

Pathophysiology

The pathophysiology of delirium and its associated long-term cognitive impairment is
presumed to be multifactorial due to the complex interactions between the aging brain,
baseline comorbid conditions, acute insult, and decreased cognitive reserve. In general,
elderly individuals are thought to have less physiologic reserve than their younger counter-
parts and therefore have less ability to maintain homeostasis to stressors, making them
more susceptible to an exaggerated response [72]. Neuroinflammation, endothelial dysfunc-
tion leading to cerebral perfusion abnormalities and increased permeability of the blood-
brain barrier, cholinergic deficiency and neurotransmitter imbalances, cerebral atrophy and
global brain disorders, and modifiable clinical risk factors such as certain pharmacologic
therapies have all been shown to play a role in the development of delirium. The majority of
current studies investigating the pathophysiology of delirium have focused on the hypoth-
esis that systemic insults lead to inflammatory signaling and increased permeability of the
blood-brain barrier, resulting in neuroinflammation and neuronal injury or death [73–76].

The inflammatory response, resulting from a systemic insult such as major illness or
major surgical procedure, leads to the widespread release of cytokines and mediators.
These cytokines, which are a physiologic response to illness or surgery, then cross into
other organs that are not inflamed such as the brain. In the brain, they likely cause an
abnormal response such as microglial activation, neuronal apoptosis, and altered synaptic
plasticity and long-term potentiation [77]. High baseline levels of interleukin 6 (IL-6) and
tumor necrosis factor alpha (TNF-α), high oxidative stress, mitochondrial dysfunction,
high free-radical production, cellular senescence, and dysregulation of the hypothalamic-
pituitary-adrenal axis and sympathetic nervous system result in a deviant stress responses
that leads to dysregulation of neuronal activity [78,79].

Endothelial cells lining the cerebral microvessels form a selective barrier known as the
blood-brain barrier [80]. Blood-brain barrier permeability increases as a result of normal
aging [1]. Infectious and inflammatory processes and pain stimulate the production of IL-6
and cause endothelial dysfunction, further increasing blood-brain barrier permeability [3].
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Elevated plasma biomarkers of endothelial dysfunction such as plasminogen activator
inhibitor-1, E-selectin, and S100B (which is a marker of disruption of the blood-brain
barrier) have been shown to be elevated in critical illness, and higher levels have been
associated with prolonged duration of delirium [73].

A significant number of disturbances in neurotransmitter function have been described
as potential contributors to delirium. Normal aging is associated with a decrease in the
synthesis of major brain neurotransmitters such as acetylcholine, dopamine, serotonin, and
glutamate [81]. Central cholinergic deficiency has also been hypothesized to play a major
role in delirium [14]. This hypothesis originated in the early 1980s when it was noted that
delirium occurred with consumption of toxins and drugs that impair cholinergic function
[82]. This has been further supported by neuroimaging showing areas of brain where
cholinergic projections overlap with lesions associated with acute brain dysfunction [77].
Additionally, use of anticholinergic drugs in the perioperative period has been associated
with an increased incidence of delirium in elderly patients. Human trials of cholinesterase
inhibitors, however, have not demonstrated a benefit in prevention or management of
delirium [82,83]. Dopamine, serotonin, and norepinephrine are integral to arousal and
sleep-wake cycles and are mediated by cholinergic pathways. Increased levels of dopamine
and serotonin have been associated with hyperactive delirium. Additionally, elevated CNS
IL-6 levels are associated with delirium development and with degeneration of gamma-
aminobutyric acid (GABA)ergic interneurons [84,85]. GABA is an inhibitory neurotrans-
mitter, and GABA agonists such as benzodiazepines have been associated with increased
incidence of delirium, which supports the theory that GABAergic dysregulation is
a contributing factor for delirium [86]. It is the imbalance of these neurotransmitters that
is believed to play a role in delirium, although the exact mechanism has been elusive [82].

Neuroimaging has consistently shown anatomic changes that occur as part of normal
aging. Elderly persons experience a prominent loss of volume and thickness in the pre-
frontal cortex [87,88]. This area plays a prominent role in attention and executive function
and is consistent with previous psychological experiments showing decreases in perfor-
mance on tests of attention and executive function with aging [89,90]. Presumably these
neuroanatomic changes that occur with normal aging predispose elderly individuals to the
physiologic alterations that result from a systemic insult; application of before and after
delirium multimodal neuroimaging, however, should be employed to further characterize
this relationship. To date, neuroimaging studies have shown delirium to be associated with
brain atrophy and decreased white matter integrity. A study of critically ill patients has
shown that increasing duration of delirium in the hospital is associated with increased brain
atrophy several months after discharge, including reductions in hippocampal and superior
frontal lobe volume [91]. Additionally, increasing duration of delirium in the hospital is
associated with increased white matter disruption several months after discharge, in parti-
cular in the anterior limb of the internal capsule and genu of the corpus callosum [92].

Strategies for Prevention and Management
Nonpharmacologic Interventions

First and foremost, delirium education programs for healthcare professionals have been
found to consistently reduce hospital delirium rates [93,94]. These programs have focused
on recognition of delirium, screening for delirium, risk factors for delirium, and approaches
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for prevention and management [94]. Despite initial costs and time, these programs have
been shown to be cost-effective [95]. Reorientation, sleep enhancement using
a nonpharmacologic sleep protocol and sleep hygiene, early mobility, adaptations for visual
and hearing impairment, nutrition and fluid repletion, painmanagement, and prevention of
constipation have all been strongly recommended by the American Geriatric Society as
interventions for the prevention of delirium [96]. Inouye et al.’s Hospital Elder Life
Program is an innovative model of care for the prevention of functional and cognitive
decline of elderly hospitalized individuals. It employs trained staff and volunteers to help
with nonpharmacologic prevention techniques such as those listed earlier, including reor-
ientation, cognitive stimulation multiple times each day, assistance with ambulation or
range-of-motion activities, visual and hearing aids when needed, feeding assistance, and
sleep protocols, and is a potentially cost-effective model to improve outcomes in elderly
hospitalized patients [97] (Table 5.3).

A coordinated approach to systematically lightening sedation, liberation from mechan-
ical ventilation, avoidance of benzodiazepine sedation, routine delirium monitoring, and
early mobility have consistently been shown to reduce delirium rates in ICU patients.
The Awakening and Breathing Coordination, Delirium Monitoring/Management, and
Early Exercise/Mobility (ABCDE) bundle was originally published in 2011 [98] and has
been shown repeatedly to decrease delirium rates, mechanical ventilation duration, and
hospital length of stay [99,100]. Additionally, widespread adoption of this type of bundle has
been shown to improve survival and increase the number of days alive without delirium or
coma [101].

Table 5.3 Strategies for Delirium Prevention

Nonpharmacologic Pharmacologic

Education targeted to healthcare
professionals

Pain management using nonopioid adjuncts

Serial evaluation for identification of delirium Avoidance of benzodiazepines,
anticholinergics, dopaminergics, and
serotonergics

Cognitive reorientation Targeted depth of anesthesia

Mobility Regional anesthesia

Visual and hearing aids Use of antipsychotics or alpha-2 agonists for
hyperactive delirium

Sleep hygiene Analgesia and sedation with fentanyl as first-
line sedation in mechanically ventilated
patients

Nutrition and hydration Continuance of ongoing statin therapy

Prevention of constipation

Faster liberation from mechanical ventilation

Geriatric consultation

Multidisciplinary coordination of care
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“Prehabilitation” (rehabilitation-like activities prior to the acute stressor), combining
nutritional, physical, and cognitive support, may be a helpful preventive measure for elderly
patients with planned surgical interventions who are at risk for delirium [48]. Physical
exercise has been shown in experimental studies in rats to be associated with reduced
inflammation of the microglia [102], and several human studies have shown the benefit of
early mobility in critically ill patients, with interventions ranging from range-of-motion
exercises to ambulation, in decreasing delirium [103,104].

Pharmacologic Interventions

In general, pharmacologic measures should be considered only after nonpharmacologic
strategies have failed. As expected, pharmacologic strategies for deliriummanagement have
been targeted based on hypotheses of delirium pathogenesis. Avoidance of opioids, benzo-
diazepines, and anticholinergics is a mainstay of delirium management [105]. While
adequate pain control is paramount to delirium prevention, opioid-sparing techniques
using multimodal analgesia pain regimens and regional anesthesia techniques should be
employed to achieve adequate pain control while minimizing opioid use. Of the opioid
options, meperidine has been shown to have a higher risk of delirium. A systematic review
of postoperative analgesia in elderly patients found meperidine use to consistently be
associated with higher rates of delirium [106]. The increased risk of delirium with meper-
idine use in the elderly is presumably related to its anticholinergic effects and the seroto-
nergic effects of its metabolite normeperidine.

Benzodiazepines, due to their GABAergic effect, have been shown in multiple studies to
contribute to delirium in the acute setting, including multiple critically ill and operative
cohorts [107–110]. The use of benzodiazepines for sedation has also been shown in large
randomized, controlled trials to increase the risk of delirium. A study by Pandharipande
et al. compared sedation with dexmedetomidine with lorazepam infusion in mechanically
ventilated patients and found that patients receiving dexmedetomidine had 4 more delir-
ium-free days than the lorazepam group and 30 percent less coma [60]. Subsequently, the
increased risk of delirium with benzodiazepine infusion in critically ill patients was demon-
strated by Riker et al. in a randomized, controlled trial comparing dexmedetomidine with
midazolam, with a 20 percent reduction in the number patients developing delirium with
the administration of dexmedetomidine [62]. Avoidance of benzodiazepines is therefore
prudent when feasible.

Dexmedetomidine has also been shown to reduce delirium incidence and duration, ICU
length of stay, and cost when compared with propofol when used in postoperative cardiac
surgery patients [111]. Dexmedetomidine is widely used as an adjunct to antipsychotics in the
management of delirium; the cost-benefit ratio of dexmedetomidine, however, has been
questioned. Recently, dexmedetomidine has been shown to be a beneficial and cost-effective
rescue drug comparedwith haloperidol in nonintubated critically ill patients [112]. Addition of
dexmedetomidine in patients with agitated delirium on the ventilator reduced mechanical
ventilation hours at 7 days in a nonelderly population [113]. A few recent trials have shown low
doses of dexmedetomidine to prevent delirium compared with either placebo or propofol in
subsets of postoperative patients [111,114,115]. The mechanism of dexmedetomidine beyond
avoidance of the GABA receptor is unclear. It has been shown to suppress the serum
inflammatory mediators IL-6, IL-8, and TNF-α, but further investigations are warranted.
Recently, however, it has been recommended by the European Society of Anaesthesiology as
an intraoperative adjunct for prevention of delirium in high-risk elderly patients [116].
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Despite antipsychotics being a mainstay for delirium management in clinical practice,
their administration in elderly patients has been controversial. In previous studies, haloper-
idol had been shown to worsen outcomes in elderly patients with delirium, specifically
mortality, whereas other studies have shown no difference when compared with quetiapine
for the treatment of delirium [117]. A more recent meta-analysis of 17 randomized,
controlled trials assessing the mortality of conventional antipsychotics, and haloperidol in
particular, did not show an increase in mortality risk in elderly patients [118]. Haloperidol
has been investigated recently as a pharmacologic delirium prevention method in the
perioperative setting and in critically ill, mechanically ventilated patients. Perioperative
haloperidol prophylaxis in elderly hip surgery patients did not decrease the incidence of
delirium but was associated with a shorter duration of delirium [119]. A low-dose haloper-
idol bolus and subsequent infusion in elderly critical care patients who underwent non-
cardiac surgery decreased the incidence of delirium only after intra-abdominal surgeries
[120]. A pre-post study of patients deemed at high risk for delirium found haloperidol
prophylaxis to be associated with increased days alive and free of delirium and coma [121].
A randomized, double-blind, placebo-controlled trial conducted in medical and surgical
ICUs, however, found that haloperidol reduced the hours patients spent with agitation but
did not show a reduction in delirium incidence, delirium duration, days on mechanical
ventilation, or ICU mortality [122].

With regard to delirium treatment, data on the efficacy of antipsychotic administration
are also limited. In a study of critically ill patients at risk for delirium, placebo versus
haloperidol versus ziprasidone for delirium treatment demonstrated no difference between
the three groups in days alive and freedom from delirium [123]. A study of haloperidol
versus olanzapine for delirium in the ICU found no difference in delirium duration, but
patients who received haloperidol had more side effects [124]. Quetiapine in addition to
haloperidol resulted in a faster resolution of delirium compared with placebo in addition to
haloperidol [125].

Although cholinergic depletion is known to play a role in delirium development,
acetylcholinesterase inhibitors such as rivastigmine and donezepil, which have been
a mainstay in the treatment of Alzheimer’s disease, have all had disappointing results in
the prevention of delirium. They have not been established as an effective therapy in
delirium management and actually may increase mortality [126–129].

Given the role of neuroinflammation in the pathogenesis of delirium, strategies
targeting reduction of the inflammatory cascade seem prudent, but there are currently
no studies showing this to be an effective measure. Prophylactic administration of
dexamethasone to decrease systemic inflammatory response and neuroinflammation
in patients undergoing cardiopulmonary bypass had no effect on either the incidence
or the duration of delirium [130]. The pleiotropic anti-inflammatory effects of statin
therapy have been hypothesized to play a role in the management of delirium.
Continuation of ongoing statin therapy in critically ill patients has been associated
with a decreased risk of delirium, whereas withholding statins in chronic users may
increase the odds of developing delirium [131–133].

With regard to the role of anesthesia in the development of POD, studies monitoring the
electroencephalogram (EEG) during general anesthesia have shown that current recom-
mended doses of anesthetics for elderly patients may be placing them in a profound state of
brain inactivation known as burst suppression [134,135]. Titration of anesthetic doses based
on real-time EEG monitoring may help to reduce the incidence of postoperative cognitive
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disorders [134] and has been associated with reduced POD likely from reduced overseda-
tion [136]. Monitoring of anesthetic depth and avoidance of deep anesthesia in the elderly
are considered part of delirium prevention strategies [96].

Applications of Clinical Guidelines to Elderly Patients
(>80 Years Old)
Increasing age is a known risk factor for delirium and cognitive impairment after acute
illness or surgery. Investigations targeting this population are warranted, but unfortunately,
at this time, no additional data exist regarding the application of clinical guidelines for the
management of delirium in very elderly patients. Overall, the evidence does not support
a single effective prevention or treatment approach in these patients. Although not targeted
specifically for patients older than 80 years of age, the Society of Critical Care Medicine’s
ICU Liberation Collaborative with the ABCDEF bundle involving Assessment and manage-
ment of pain, Both spontaneous awake trials (SATs) and spontaneous breathing trials
(SBTs), Choosing sedation if required, Delirium monitoring and management, Early mobi-
lity, and Family involvement incorporates many aspects required to reduce delirium and
improve patient outcomes related to delirium in the elderly [137]. Similarly, the American
Geriatric Society has recommendations for the prevention of delirium in the elderly in the
perioperative setting, including multicomponent nonpharmacologic intervention pro-
grams, optimization of pain control, avoidance of benzodiazepines and newly prescribed
cholinesterase inhibitors, and use of antipsychotic medications only in patients who are
agitated or of potential harm to self or others [96].
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Chapter

6
Geriatric Cardiovascular
Critical Care

Ronald Pauldine

Key Points

• Aging is associated with an increased incidence of cardiovascular diseases, including
ischemic heart disease, heart failure, atrial fibrillation, hypertension, valvular heart
disease, pulmonary hypertension, and peripheral vascular disease.

• Progressive central aortic dilatation, increased thickness of the arterial wall,
increased vascular stiffness, and altered nitric oxide–induced vasodilation occur with
advancing age, leading to elevated mean arterial pressure and increased pulse
pressure.

• Elderly patients are more likely to present with non-ST-segment-elevation
myocardial infarction (NSTEMI) as opposed to ST-segment-elevation myocardial
infarction (STEMI), and frequently present with nonspecific complaints including
weakness, syncope, and increasing confusion.

• Overall 30-day mortality after coronary artery bypass grafting (CABG) in
octogenarians is 6.8 versus 1.6 percent in the younger group.

• The elderly comprise the majority of patients with heart failure with preserved
ejection fraction (HFpEF).

• The prevalence of moderate to severe aortic stenosis is estimated to be as high as
2.8 percent in patients older than 75 years of age, and complications associated with
transcatheter aortic valve implantation (TAVI) appear to be greater in older
patients.

• Age is the most important risk factor for the development of atrial fibrillation
(AF). New-onset postoperative AF (POAF) is a common problem reported in
15 to 40 percent of patients following CABG, 40 percent following surgical valve
replacement, 50 to 60 percent following combined CAGB-valve procedures, 20 to
25 percent of patients after esophagectomy, and 20 percent of patients following
lung transplant.

• Meaningful outcome metrics in elderly patients who are admitted to the intensive
care unit (ICU) and identifying those most likely to benefit from admission to the
ICU still need to be delineated.
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General Considerations
Practitioners of adult critical care medicine frequently encounter geriatric patients and by
default are practitioners of geriatric critical care medicine. This may be even truer in the
realm of cardiovascular medicine and cardiothoracic critical care. Aging is associated with
an increased incidence of cardiovascular diseases, including ischemic heart disease, heart
failure, atrial fibrillation, hypertension, valvular heart disease, pulmonary hypertension, and
peripheral vascular disease [1] (Figure 6.1). Significant technological advances have resulted
in an increasing array of minimally invasive interventions that can now be used in patients
whomay have insufficient physiologic reserve to tolerate more extensive procedures. This in
particular includes the elderly. Minimally invasive valve replacement, valve repair, implan-
table electrical devices, and an expanding armamentarium of endovascular approaches to
aortic disease are just a few examples. These technological realities, in combination with the
significant rise in the elderly populations, place a large responsibility on all practitioners
delivering cardiovascular critical care tomeet the needs of this highly variable, dynamic, and
often challenging patient population.

One may question what constitutes a working definition of geriatric cardiovascular
critical care. In the simplest form, it is patient- and family-centered care that meets the
needs of older adults. It includes a thorough and thoughtful consideration of age,
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Figure 6.1 Prevalence of hypertension, coronary artery disease, congestive heart failure, and stroke with aging.
(Source: Data from Mozaffarian et al. [1].)
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comorbidities, and the available evidence to manage critical illness. Age alone should
not be the deciding factor in determining therapeutic approach. Chronologic age and
physiologic reserve can be incongruent. In many cases the presence of geriatric
syndromes including frailty or dementia may influence outcome but do not necessarily
correlate with patient age. Implicit in these considerations is a need to define the goals
of care or intervention, including the expected outcome, patient values, and an under-
standing that aging is associated with an increase in the frequency and severity of
iatrogenic complications and risk of harm from any treatment. Goals of care may differ
widely depending on patient values and may change within a given period of care.
Historically, outcome metrics have been largely preoccupied with mortality statistics,
but an increasing emphasis is now been given to functional outcomes. In general, the
therapeutic goal of most elderly patients should be to improve or maintain functional
independence or alleviate pain. The complexity of medical decision making is increased
by the potential effect of comorbidities and geriatric syndromes on the outcome of a
specific therapy or intervention. In many situations, few data are available on which to
base this estimate. Furthermore, these considerations take place in an environment of
increasing cost containment and emphasis on value-based care. In considering value-
based care, an understanding of expected outcomes is very important because the
relationship of quality or outcome to cost is the defining principle of value-based
care. Unfortunately, meaningful functional outcome data for cardiovascular therapies
in critically ill elderly are sparse. However, some recent studies have sought to address
these deficiencies. This chapter provides an overview of common cardiovascular pro-
blems that elderly patients encounter leading to admission to the ICU and their
evidence-based management.

Cardiovascular Aging
Primary changes in cardiac function occur with advancing age. Morphologic changes
include decreased myocyte number, increased collagen-to-elastin ratio, thickening of the
left ventricular wall, and decreases in both conduction fiber density and the number of sinus
node cells [1a]. Adrenergic activity and receptors also change with age [2]. These changes
affect function, leading to decreased contractility, increased myocardial stiffness, increased
ventricular filling pressures, and decreased β-adrenergic sensitivity.

Aging is associated with stiffening of the vasculature, or arterial aging, which leads to
important secondary changes in the heart and other end organs, including the brain and
kidney. Arterial aging is accelerated in the presence of cardiovascular comorbidities,
including atherosclerosis, hypertension, diabetes, tobacco abuse, and obesity [2a–5].

Increased vascular stiffness leads to increased velocity of conduction of pulse waves
down the vascular tree, resulting in earlier reflection of pulse waves from the periphery such
that reflected pulse waves reach the heart during the latter phases of ejection leading to
increased cardiac load [5]. This effect is evident on the arterial pressure tracing as late
systolic peaking [6]. Increased left ventricular afterload leads to left ventricular wall thick-
ening, hypertrophy, and impaired diastolic filling [7] (Figure 6.2). Cardiac contraction is
prolonged to compensate for decreased ventricular compliance and increased afterload,
resulting in decreased early diastolic filling time.With these changes, the atrial contribution
to late ventricular filling becomes more important and explains in part the clinically
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observed preload sensitivity and hemodynamic compromise often associated with failure to
maintain sinus rhythm in elderly patients.

In the young, there is pulse pressure amplification as pulse waves travel down the
vascular tree. This is observed as an increase in systolic pressure of 10 to 15 mmHg between
the central aorta and the periphery with a slight decrease in diastolic and mean pressures.
This a function of the cushioning effect of a compliant vasculature. With aging, this is lost
resulting in an augmentation of central aortic pressure and increased impedance to left
ventricular (LV) ejection [8]. Progressive central aortic dilatation, increased thickness of the
arterial wall, increased vascular stiffness, and altered nitric oxide–induced vasodilation
occur with advancing age, leading to elevated mean arterial pressure and increased pulse
pressure [2–5] (Figure 6.2).

Arterial Stiffening

Increased Aortic Impedance and left ventricular loading
Increased wall tension

Left Ventricular hypertrophy

Systolic dysfunction
Diastolic dysfunction

Contraction – prolonged
Relaxation – delayed

Increased
aortic root

size and wall
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Figure 6.2 Effect of arterial stiffening on ventricular-vascular coupling, leading to increased left ventricular
hypertrophy and systolic and diastolic dysfunction.
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With aging there is a decrease in response to β-receptor stimulation and an increase in
sympathetic nervous system activity [9]. This occurs as a result of both decreased receptor
affinity and alterations in signal transduction [10]. With any physiologic stress, increased
flow demands are placed on the heart. Attenuated β-receptor response in the elderly during
stress is associated with decreased chronotropic and inotropic responses. In turn, the
increased peripheral flow demand is met primarily by preload reserve, making the heart
more susceptible to cardiac failure [1]. While β-receptor responsiveness is decreased,
sympathetic nervous system activity increases with aging and may be another mechanism
contributing to increased systemic vascular resistance [1]. Clinically, these autonomic
changes lead to the heightened sensitivity of elderly patients to sympatholytic medications,
with a greater likelihood of perioperative hemodynamic lability and a compromised ability
to meet the metabolic demands of surgery.

Coronary Heart Disease: Acute Coronary Syndromes
Coronary heart disease (CHD) is a common problem in the elderly, with patients older than
65 and 75 years of age accounting for over half and over one-third of all patients, respec-
tively, with a primary diagnosis of CHD at hospital discharge [11,12]. This same group
experiences a considerably highermortality rate, comprising approximately 82 percent of all
deaths fromCHD [13].Modern cardiovascular care following acutemyocardial infarction is
associated with increased survival for the elderly, but survivors experience an increased
incidence of heart failure [14]. The incidence of CHD and the burden of acute coronary
syndromes (ACS) are expected to increase with projected growth in the population of older
adults, increasing overall life expectancy, and a greater number of patients living longer with
CHD due to improved therapies.

The elderly are underrepresented in previously published clinical trials of therapies
for ischemic heart disease. In early studies, patients older than age 75 comprised only 2
percent of the patients enrolled. Over the past 20 years, this number has increased but
falls short of reflecting the prevalence of CHD among the elderly [15]. While limited
randomized, controlled trial data are available to offer clear treatment recommenda-
tions, current management is informed by existing clinical trial data, observational
studies, and clinical guidelines. It has been well described, however, that treatment as
recommended by clinical consensus guidelines is frequently underutilized in the
elderly. Clinician concerns regarding patient safety are generally cited for this defi-
ciency [16,17]. In 2007, the American Heart Association published a scientific state-
ment on acute coronary syndromes in the elderly that includes discussions of
considerations in ST-segment-elevation and non-ST-segment-elevation myocardial
infarction [18,19] Recent updates to clinical guidelines for the management of ACS
have recommended similar management for all, without age-specific differences.
Nevertheless, it is important to appreciate that the elderly present with a different
clinical profile with ACS. Older patients more frequently experience baseline functional
limitations, compensated heart failure, past history of ischemic heart disease, and
chronic kidney disease [20]. The elderly are more likely to have an unusual presenta-
tion with nonspecific complaints, including weakness, syncope, or increasing confusion
[24]. This is important because atypical presentation can lead to delay in diagnosis and
treatment. Evaluation may be further confounded by the presence of left bundle-branch
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block on electrocardiogram or elevated baseline levels of cardiac biomarkers in the
aged [21,22]. Furthermore, elderly patients are more likely to present with non-ST-
segment-elevation myocardial infarction (NSTEMI) as opposed to ST-segment-eleva-
tion myocardial infarction (STEMI) [23]. It has been well documented that delays in
treatment and a greater frequency of triage decisions result in less intensive treatment
in older patients presenting with ACS [19]. It is unclear whether this is the result of
atypical presentation, frequency of concurrent illnesses, or clinical bias.

Increasing age is associated with an increasing incidence of heart failure as a
complication of acute myocardial infarction with an incidence as high as 65 percent
in patients older than 85 years of age [20]. As mentioned previously, multiple studies
have suggested that more aggressive therapies are frequently withheld in the elderly
[20,25,26]. While the elderly experience more heart failure following ACS than do their
younger counterparts, including cardiogenic shock, bleeding, and in-hospital mortality,
data suggest that with appropriate therapy a lower in-hospital mortality rate can be
achieved [27,28]. Considerations for elders presenting with STEMI are similar to those
for all patients with regard to route and timing of reperfusion interventions.
Fibrinolysis is of known benefit in the elderly. Elderly patients have a greater absolute
mortality benefit than patients younger than age 55. However, this mortality benefit
comes at a greater risk of bleeding and stroke, with stroke rates as high as 2.9 percent
in patients older than age 85 having been reported [29]. Overall outcomes with regard
to stroke, recurrent myocardial infarction, and mortality tend to be better with percu-
taneous coronary intervention [13,18]. For this reason, fibrinolytic therapy generally
should be considered only in clinical situations where there is confirmed STEMI
presenting within 12 hours of symptom onset, no contraindications to treatments,
and an expected time greater than 120 minutes to first-device activation for percuta-
neous coronary intervention (PCI) [21].

Initial NSTEMI management decisions include consideration for early invasive versus
conservative therapy. Data support an early invasive approach for elderly patients meet-
ing criteria because it has been associated with increased survival and decreased reinfarc-
tion rates [30]. An increasing number of patients older than age 75 and greater are
presenting for open coronary artery revascularization [31]. For carefully selected patients
with multivessel disease, surgery remains an option. One meta-analysis comparing
PCI with CABG reported no significant difference in all-cause mortality at 30 days
and 12 and 22 months. There was a higher rate of stroke in the CAGB patients but a
greater need for repeat revascularization in the PCI group [32]. Off-pump CABG
(OPCABG) has been proposed as a technique to limit complications associated with
cardiopulmonary bypass and the associated aortic cannulation and cross-clamping.
A trial of OPCABG specifically enrolling patients older than age 75 years failed to
demonstrate benefit for OPCABG regarding death, myocardial infarction, stroke, need
for renal replacement therapy, or need for repeat revascularization [33]. Consistent with
other published OPCABG trials, the OPCABG group required fewer blood transfusions.
Emergent open revascularization remains associated with increased mortality risk. As
may be anticipated, elderly patients experience longer lengths of hospital stay following
management of ACS or CABG [34,35]. Frailty also contributes to greater length of stay
and higher rates of discharge to institutional care facilities [36,37]. Overall 30-day
mortality after CABG in octogenarians is 6.8 percent versus 1.6 percent in the younger
group [37a].
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Heart Failure
Heart failure (HF) is common in the elderly, with the prevalence increasing exponentially
with age. It is estimated that HF affects 6 to 10 percent of people older than 65 years of age. It
is the leading cause of hospitalization in the elderly, with the majority of hospital inpatients
between 70 and 75 years of age. Approximately 60 percent of elderly patients presenting
with HF are women. A number of conditions are frequently present in patients presenting
with HF, including atrial fibrillation, valvular heart disease, and dilated cardiomyopathy.
Hospitalization for an episode of decompensated HF is associated with a high rate of
readmission to the hospital and a 1-year mortality rate of nearly 30 percent. Patients may
require ICU admission for acute decompensated heart failure (ADHF) or have chronic
heart failure as a significant comorbidity in the setting of admission for another primary
diagnosis. Clinical presentation of acute HF syndromes includes ADHF, acute pulmonary
edema with normal blood pressure, acute pulmonary edema with hypertension, cardiogenic
shock, high-output heart failure, and isolated right ventricular failure [38]. Heart failure can
occur in the setting of reduced or preserved ejection fraction, although the elderly comprise
the majority of patients with HF with preserved ejection fraction (HFpEF). The elderly may
be less aggressively treated than younger patients with HF, and there is evidence of less use
of diagnostic modalities and guideline-recommended therapeutic interventions [39]. The
clinical presentation of HF is usually associated with congestion of the pulmonary and
systemic vasculature and may include evidence of end-organ hypoperfusion. Therapeutic
interventions may be directed at several targets to address these problems. Diuretics and
vasodilators remain mainstays of therapy for HF. Heart failure with reduced ejection
fraction (HFrEF) can be distinguished from diastolic dysfunction or HFpEF with echocar-
diography. Diastolic dysfunction is associated with decreased LV compliance and increased
intracavitary pressures, which, in turn, result in increased pulmonary venous pressure. This
can lead to frank HF and may be further exacerbated by conditions frequently encountered
in ICU patients, such as volume overload, hypertension, and atrial fibrillation [40].

Patients with HF complicated by hypoxemia may require mechanical ventilation.
Noninvasive positive-pressure ventilation (NIPPV) has demonstrated efficacy in the man-
agement of HF [41]. Elderly patients appear to benefit from this therapy as well, but patients
should be carefully selected because contraindications to NIPPV, including altered mental
status and an inability to clear secretions and protect the airway, may be present [42,43].

Long-term mechanical circulatory support (MCS) may be considered for subsets of
elderly patients with end-stage HF. Ideally, selection criteria should include careful assess-
ment of geriatric syndromes that may limit success or be incongruent with patient-centered
values [44]. Clear guidelines for use of long-term MCS in elderly patients are not available
but should be based on the demonstration of improved and cost-effective outcomes
compared with standard medical therapy [45]. Studies have suggested safe implantation
of continuous-flow devices in elderly patients, including those older than 70 years of age
[46]. Age, however, is associated with a greater likelihood of discharge to care facilities and is
not unexpectedly a predictor of increased mortality in the elderly population [46,47].

Patients with HF may experience ICU admission in the setting of noncardiac surgery,
and up to 25 percent of these patients experience an acute exacerbation of HF in the
perioperative period [48]. In this population, HF is strongly associated with increased
perioperative mortality [49]. An increasing body of evidence suggests that routine use of
inotropic medication is associated with harm [50,51]. A recent meta-analysis, however,
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provides a contrary viewpoint [52]. In light of the available evidence, it is prudent to consider
limiting use of inotropic agents to patients with clinical evidence of low-cardiac-output states
and impaired perfusion.

Valvular Heart Disease
Valvular heart disease, especially aortic stenosis (AS), is a frequently encountered problem
in the elderly. The prevalence of moderate to severe aortic stenosis is estimated to be as high
as 2.8 percent in patients over 75 years of age. As a comparison, the prevalence in the 18- to
45-year-old age group is 0.2 percent [53]. The only treatment that has been demonstrated
to improve quality of life and increase survival is replacement of the valve. Historically, up to
one-third of elderly patients with severe AS were not considered surgical candidates due to
advanced age, LV dysfunction, or presence of significant comorbidities [54]. Mortality rate
after surgical aortic valve replacement (AVR) in patients younger than 70 years of age is 1.3
percent, which increases to 5 percent in patients 80 to 95 years of age, with an increase to 10
percent in those older than 90 years of age.

Transcatheter aortic valve implantation (TAVI) techniques greatly expand treatment
options for patients deemed to be at high surgical risk for open approaches. Overall, the
available outcome data suggest symptomatic relief and survival advantage following TAVI
in most, but not all, patients. Increasingly, emphasis has been placed on the attempt to
determine which patients are most likely to benefit from intervention. This is a complex
decision that does not currently have a clear answer because much remains to be learned
concerning long-term outcomes in the elderly.

Technical aspects of TAVI include the type of valve implanted and the approach. The
two most commonly used valves are the Edwards SAPIEN and the Core Valve, but
technology is rapidly evolving, with newer generations of devices employing design features
to decrease known complications. The Edwards SAPIEN is a balloon-expandable valve, and
the Core Valve is self-expanding. Either valve can be placed via a retrograde approach
through the femoral or axillary artery. For patients with significant peripheral vascular
disease, transapical placement can be performed via a minithoracotomy.While early studies
suggested no significant difference in mortality between transpical and transvascular
approaches, it now appears that there is a survival advantage of transfemoral over transa-
pical approaches [55–57]. During the valve deployment, rapid ventricular pacing to heart
rates as high as 200 beats per minute is used to minimize cardiac ejection and cardiac
motion so as to facilitate deployment of the valve. These periods may result in hemody-
namic compromise, including the risk of myocardial ischemia with delayed recovery,
especially affecting patients with poor ventricular function. This, in turn, may require
inotropic or vasopressor support with obvious implications for postoperative management.

Several studies have examined outcomes of TAVI compared with open surgical AVR
(SAVR). Most studies are observational in nature, but randomized, controlled trials have
been conducted. The published data suggest better in-hospital recovery for TAVI with
similar short- and long-termmortality. Much of the literature has been informed by various
publications resulting from the Placement of AoRtic TraNscathetER Valves (PARTNER)
trial. PARTNER trial was a multicenter, randomized trial comparing TAVI with SAVR and
medical therapy in high-risk patients, with groups consisting of patients estimated to be at
high surgical risk (group A) and a group not judged to be surgical candidates (group B).
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These publications demonstrate noninferiority for TAVI versus SAVR in high-risk surgical
patients with evidence of improved functional status and quality of life in some subgroups
[58–62]. PARTNER trial data demonstrated similar rates of stroke, myocardial infarction,
acute kidney injury, endocarditis, and permanent pacemaker placement at 1 and 2 years
following TAVI or SAVR. TAVI was associated with a higher rate of vascular injury, and
SAVR was associated with higher rates of major bleeding complications [63]. Other studies
have reported higher rates of vascular injury, permanent atrioventricular (AV) block, and
residual aortic valve regurgitation with TAVI [64].

Complications of TAVI appear to be greater in older patients. The most common
complication after TAVI is vascular injury, including arterial dissection, perforation, and
acute thrombosis. Patients undergoing TAVI are at risk for stroke. The incidence of stroke
following TAVI has been reported to be from 2.5 percent to as high as 10 percent. Most
strokes are ischemic in origin and are believed to be due to showering of emboli from the
aorta during valve positioning and deployment. The majority of cerebral embolic events
may be silent, as suggested by studies reporting new MRI findings in as many as 64 percent
of patients following TAVI, with few patients manifesting any clinical signs of cerebral
impairment [65]. The high-risk group from the PARTNER trial demonstrated a trend
toward a greater incidence of stroke in TAVI versus SAVR that did not reach statistical
significance [61]. TAVI is associated with a risk of conduction system injury that may
require permanent pacemaker placement. The Core Valve appeared to have a greater risk of
AV conduction problems compared with the Edwards SAPIEN valve. This may be
explained by the self-expanding design of the valve structure, which includes a longer
frame. Patients with underlying right bundle-branch block appear to be especially at risk
to require permanent pacemaker placement owing to the relative risk of injury to the left
bundle-branch pathway during valve deployment. Acute kidney injury (AKI) is observed
following TAVI. In several studies that have evaluated risk factors for AKI following TAVI,
patient age, quantity of intravenous contrast material delivered, and preexisting renal
disease were not predictive of the development of AKI. Paravalvular leak can lead to aortic
regurgitation (AR) and appears to bemore common in TAVI than in SAVR. It is more likely
to occur with self-expanding valves compared with balloon dilated devices. It is believed that
central AR is the result of higher-grade paravalvular regurgitation after TAVI. Mild central
AR appears to be well tolerated, but early severe AR is associated with increased mortality
after TAVI [66,67]. In such cases, repeat valve replacement via valve-in-valve TAVI
techniques can be considered. Valve malposition can occur and is usually noted at the
time of valve deployment. Various complications can result, including embolization of
the valve, blockage of the coronary ostia, paravalvular leak, interference with movement of
the mitral valve leaflets, and dysrhythmias [68].

Postoperative considerations are largely the result of the physiologic consequences of
valve replacement, underlying LV function, and the anticipated potential complications
mentioned previously. Patients with severe AS often have impaired diastolic function
related to long-standing increased in wall tension from the stenotic valve. Early after
valve replacement, diastolic function has been observed to worsen in some cases [68].
Hemodynamic goals include avoidance of hypertension and maintenance of perfusion.
Care should be taken to avoid pharmacologic agents that promote AV nodal blockade in
patients with conduction system complications.

Much as TAVI has created treatment options for high-risk patients with severe AS,
technological advances leading to techniques for transcatheter mitral valve repair have
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offered therapeutic considerations for high-risk patients with mitral regurgitation (MR)
[69]. Degenerative MR in the elderly is a common problem, with significant MR demon-
strated in over 10 percent of hospitalized patients older than 75 years of age [70]. Many of
the same treatment dilemmas face elderly patients with MR as those with AS. Specifically, it
is imperative to determine those most likely to benefit from treatment and align the
available therapies with the goals of patients and their families. Realistic goals often address
improvements in quality of life and functional status as opposed to prolonging survival [71].
As in other cardiac surgical populations, age is associated with risk in mitral valve surgery,
with mortality rates reported to be 4.1 percent for those younger than age 50 and 17.0
percent for those older than age 80. Current data suggest that mitral valve repair is preferred
to mitral valve replacement in the elderly. It is associated with decreased surgical mortality,
lower risk of hemolysis and infection, avoidance of long-term anticoagulation, and
improved long-term outcomes. However, open valve repair or replacement remains asso-
ciated with poor functional recovery in the elderly [72]. The randomized multicenter
EVEREST II trial compared percutaneous mitral valve repair to open surgery in low-risk
patients with MR, concluding that percutaneous repair was not inferior to open surgery
[73]. A high-risk cohort from the EVEREST II trial defined as estimated perioperative
mortality of 12 percent or greater experienced a 30-day mortality of 6.7 percent, with
survivors demonstrating improvement in New York Heart Association (NYHA) functional
class and decreased hospital admission rates for heart failure [74].

Dysrhythmia
Through a variety of mechanisms, aging is associated with an increase in the prevalence of
cardiac rhythm disturbances. Elderly patients may be admitted to the ICU for monitoring
and management of primary dysrhythmic events or experience rhythm disturbances in the
context of cardiac surgery, noncardiac surgery, or other acute critical illness. As is the case
with many conditions in the aging population, presentation of disease may be atypical, and
there is a risk of greater sensitivity to both therapeutic effects and adverse drug effects of
medications frequently used to treat the underlying problem. Atrial fibrillation and brady-
dysrhythmias are particularly common in the elderly, and an increasing number of older
patients have been considered for implantation of cardioverter-defibrillators for both
primary and secondary management of malignant ventricular rhythms.

Bradydysrhythmias can be classified generally as abnormalities related to impulse genera-
tion or impulse conduction. Frequent underlying problems involve decreased automaticity of
the sinus node or delay or blocked conduction in the sinus node or AV node or His-Purkinje
system [75]. Aging has been associated with an increase in the prevalence of sinus node
dysfunction, AV nodal block, and bundle-branch block. A wide variety of pathologic pro-
cesses can contribute to conduction system disease, including age-related degeneration,
ischemia, infection, infiltrative diseases, and trauma, including post–cardiac surgery effects.
Secondary factors may also contribute to dysrhythmias and are frequently encountered in the
ICU. These are electrolyte derangements, temperature imbalance, disorders of gas exchange,
hypothyroidism, and adverse pharmacologic effects of medications. Treatment for sympto-
matic bradycardia frequently requires permanent pacemaker placement. Clinical trials
suggest advantages for dual-chamber pacing over ventricular pacing alone and include a
lower incidence of heart failure, reduction in the incidence of pacemaker syndrome, and a
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decreased incidence of the development of atrial fibrillation [76]. The observed advantages
have been attributed to preservation of AV synchrony. However, long-term isolated right
ventricular pacing may lead to an increased incidence of heart failure due to functional left
bundle-branch block leading to ventricular dysynchrony [75].

Excluding a history of atrial fibrillation (AF), age is themost important risk factor for the
development of AF [77]. Elderly patients may suffer from paroxysmal or persistent AF.
New-onset AF is also frequently encountered in the ICU and is a well-described complica-
tion following cardiothoracic surgery, high-risk noncardiac surgery, trauma, or critical
illness, including sepsis. The elderly are especially predisposed to developing AF due to
structural and electrical changes observed with aging. Infiltrative processes and fibrosis lead
to a reduction in atrial myocytes and nodal pacemaker cells, resulting in alterations in
excitable tissue and conduction. These changes, along with age-related dilatation and
remodeling of the left atrium and alterations in calcium conductance and potassium
currents, create a milieu favoring AF [77]. Other risks factors commonly found in elderly
patients that have been associated with AF include hypertension, diabetes mellitus, ischemic
heart disease, valvular heart disease, heart failure, obesity, and chronic obstructive pulmon-
ary disease (COPD).

New-onset postoperative AF (POAF) is a common problem reported in 15 to 40 percent
of patients following CABG, 40 percent following surgical valve replacement, and 50 to 60
percent following combined CAGB-valve procedures [78]. Atrial fibrillation is also
observed following noncardiac thoracic surgery, with a reported incidence of 12 to 30
percent in patients having pulmonary resection, 20 to 25 percent in patients undergoing
esophagectomy, up to 50 percent of patients requiring extrapleural pneumonectomy, and 20
percent of patients following lung transplant [79–81]. A number of conditions exist
following cardiothoracic procedures that strongly favor precipitation of AF. Operative
trauma, myocardial ischemia, oxidative stress, ischemia-reperfusion injury, inflammation,
increased atrial pressure, volume overload, alterations in autonomic tone, exogenous
catecholamines, other inotropic agents, electrolyte disturbances, disordered acid-base
homeostasis, altered gas exchange, and pain may interact with age-related changes in
cardiac structure and conduction leading to slower conduction through normal pathways
and shortened refractoriness that predispose to AF [82].WhenAF occurs in the ICU setting,
the severity of symptoms will influence the mode of therapy. Immediate synchronized
electrical cardioversion is indicated for patients with acute instability including AF asso-
ciated with hypotension, chest pain, shortness of breath, altered mental status, and acute
congestive heart failure. Cardioversion enjoys high success rates, but when AF is not
terminated, it is important to distinguish between conversion failure and early reinitiation
of AF [83]. In conversion failure, cardioversionmay be attempted at a higher energy level or
after administration of an antiarrhythmic medication. If early reinitiation is the problem,
repeated attempts at cardioversion are less likely to be effective until secondary factors have
been addressed [84]. If AF is well tolerated hemodynamically, a decision must be made
regarding rate versus rhythm control and timing and duration of anticoagulation.
Institutional and individual practitioner preferences often affect this decision. A rate-
control strategy appears to be safe and effective in elderly patients with normal LV function.
Rhythm control is often an attractive therapeutic goal for patients who remain symptomatic
with adequate rate control. Other potential advantages associated with rhythm control
include decreased time to cardioversion, prolonged maintenance of normal sinus rhythm,
and decreased hospital length of stay, but recent data do not support a long-term advantage
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for rhythm control in post–cardiac surgical patients [85]. Choice of antiarrhythmic agents is
often dictated by the patient’s underlying ventricular function because many agents exhibit
negative inotropic effects and a greater risk of pro-arrhythmia in those with structural heart
disease. For patients with permanent AF and poor tolerance of medical management, AF
ablation or AV nodal ablation and permanent pacemaker placement may be consid-
ered [77].

Use of implantable cardioverter-defibrillators (ICDs) is common in the elderly, with an
estimated 40 percent or more of ICDs and cardiac resynchronization therapy (CRT) devices
implanted in those older than 70 years of age. The obvious questions regarding life
expectancy and survival benefit are largely unanswered. The incidence of sudden cardiac
death as a percentage of all-cause mortality decreases with age. Device implantation appears
to be well tolerated [86].

Vascular Disease
An increasing array of options for the treatment of aortic and peripheral arterial
disease has led to a rapid increase in the use of minimally invasive approaches to
aortic aneurysm repair and treatment of carotid artery stenosis and critical limb
ischemia. These interventions are attractive because they promise less physiologic
stress, greater tolerance, and fewer periprocedure complications in patients with lim-
ited organ reserve. These procedures, however, have the potential to introduce new
procedural risks and may not consistently produce better long-term outcomes
congruent with the goals of patients because long-term data on functional outcomes
are inconsistent or limited.

Endovascular repairs for both abdominal aortic aneurysms and thoracic aneurysms, as
well as a variety of hybrid procedures for complex aortic disease, are now commonly
performed. Endovascular approaches have been associated with a reduction in early mor-
bidity and mortality compared with open approaches. Patients may be admitted to the ICU
for hemodynamic and neurovascular monitoring, hemodynamic management, and man-
agement of lumbar drains for the prevention of spinal cord ischemia or for the management
of associated complications. Associated complications may include AKI, postoperative
bleeding, mesenteric ischemia, spinal cord ischemia, myocardial ischemia or infarction,
distal embolization, AF, respiratory failure, and stroke. Technical issues with endovascular
grafts may lead to different types of endoleaks. Age is not an absolute contraindication to
endovascular aortic repair, and several reports suggest efficacy in octogenarians [87,88].
Nonagenarians have also been reported to tolerate endovascular aortic repair (EVAR) well
but may not have the same mortality benefit compared with their younger counterparts
[89]. This overall lack of benefit may be related to increased all-cause mortality after EVAR
that compares with the high expected mortality of nonagenarians as a whole. Mortality data
fail to consider quality of life, and there is evidence that physical performance remains
impaired at 12 months in both open and endovascular aortic repair. These aspects of
expected outcome should be considered in the treatment of the oldest old. While EVAR is
associated with better early survival, the risk of late rupture appears greater than with open
surgical repair [90].

Carotid disease is more prevalent in the elderly and often is present in patients with
significant comorbidities. Following surgical procedures to treat symptomatic carotid
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stenosis, patients may be admitted to the ICU for hemodynamic monitoring and manage-
ment and frequent serial neurologic assessments. Recent advancements in endovascular
therapy have made carotid stenting an alternative approach to traditional carotid endarter-
ectomy (CEA). Perioperative complications such as myocardial infarction, surgical site
bleeding, and cranial nerve palsy occur less frequently with stenting. However, the risk of
stroke is increased with stenting versus CEA [91–93]. A Cochrane Systematic Review
reported the risk of procedural stroke or death with stenting to be 8.2 percent versus 5.0
percent for CEA (odds ratio [OR] 1.72, 95 percent confidence interval [CI] 1.29–2.31) [94].
A pooled analysis of several trials reporting an 8.9 percent incidence of stroke or death with
stenting compared with 5.8 percent with CEA (relative risk [RR] 1.53, 95 percent CI 1.20–
1.95). This difference, however, was strongly influenced by age, with an increased incidence
of stroke and death only demonstrated in patients older than 70 years of age [95]. Both
treatments are comparable in the long-term prevention of recurrent stroke [96].

Treatment of critical limb ischemia in the elderly is controversial. Patients often have
severe comorbidities, poor functional status at baseline, and poor functional outcome
[97]. Newer percutaneous approaches, including angioplasty, stenting, and atherectomy,
may be better tolerated than traditional lower-extremity bypass, but outcome data are
lacking [98]. Vogel et al. reported that endovascular procedures may not lead to better
functional outcome as assessed by activities of daily living (ADLs) with critical limb
ischemia compared with open approaches [99]. These results underscore the complexity
of aligning treatment options with realistic goals where consistent outcome data are
limited.

Other Considerations for Cardiovascular Critical
Care of the Elderly
As noted previously, high-quality data to guide critical care of elderly cardiovascular
patients are limited. Extrapolation of data from general ICU populations, with considera-
tion of specific implications of the physiologic changes of aging affecting organ function,
pharmacokinetics, and pharmacodynamics, along with baseline comorbidities, often drive
the treatment approach in clinical practice. Other issues of concern for elderly patients in
the ICU include delirium, postoperative cognitive dysfunction, and functional disability.
The effects of the interaction of age, premorbid functional status, and geriatric syndromes
on cardiovascular care are incompletely understood.

Delirium has an incidence of approximately 30 percent in cardiac surgical and cardiol-
ogy patients [100,101]. Several risk factors have been identified in cardiac surgery patients,
including a prior history of transient ischemic attack (TIA) or stroke, lower baseline Mini-
Mental Status Examination scores, higher scores on screening for geriatric depression, and
low serum albumin and low cardiac output states, including patients treated with intra-
aortic balloon counterpulsation [101,102]. As in other ICU populations, it is prudent to
screen for delirium in the cardiovascular ICU and employ nonpharmacologic strategies in
an effort to decrease the incidence, including providing appropriate lighting condition to
encourage diurnal variation, frequent reorientations, ensuring that patients are in posses-
sion of their visual or hearing aids, optimizing sleep hygiene, minimizing medical devices as
possible, and avoiding the use of physical restraints. Early physical therapy and early
mobilization may decrease duration of delirium [103]. Medications known to exacerbate
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delirium should be avoided. Antipsychotic medications, including haloperidol, and
atypical agents, including quetiapine and risperidone, have been used in the pharmaco-
logic management of delirium. Data on efficacy are mixed. One trial in cardiac surgical
patients suggested therapeutic efficacy for risperidone in decreasing the incidence of
delirium [104].

Postoperative cognitive decline has been widely reported in patients following cardiac
surgery. Published studies have used various methods of testing and timing of test admin-
istration, making interpretation challenging [105]. A number of potential contributing
etiologic factors have been explored, including cardiopulmonary bypass associated inflam-
mation, cerebral ischemia, hypoxemia, and intraoperative blood pressure management. The
data are conflicting, and it appears that patient factors, including preexisting cognitive
dysfunction and educational status, may bemore significant risk factors [106,107]. Duration
of delirium has been correlated with cognitive decline but may be a marker for decreased
cerebral reserve [108].

While a standardized definition has not been universally accepted, the concept of
frailty may prove to be important in surgical decision making for cardiac surgical
patients [109]. Frailty assessment has the potential to identify patients who are more
likely to sustain lasting disability following surgical intervention [110]. In several
studies of cardiac surgical patients, frailty as assessed by a variety of measures has
been associated with increased perioperative morbidity and mortality [111–113].
Inclusion of frailty metrics in frequently employed surgical risk assessment
tools appears to improve performance [114]. The implications of frailty on specific
ICU-related therapies and interventions is unknown, but it is prudent to address
evaluation of cognitive status, mobility, pain control, and nutrition. Use of geriatric
consultation or inclusion of geriatric specialists as part of a multidisciplinary team in
the ICU may be useful in defining goals of care that optimize patient-centered
outcomes [115].

Areas of Uncertainty
Significant and rapid advances in technology have produced a growing array of therapies for
cardiovascular diseases that have a variety of perceived advantages in the treatment of
elderly patients. Minimally invasive modalities offer a lesser degree of physiologic stress that
is frequently better tolerated by patients with decreased end-organ reserve. As with any
progressive field, the available optionsmay evolve faster than outcome data on which to base
their implementation. Identifying patients most likely to benefit from aggressive intensive
care and novel interventions is not an easy task. In patients with significant comorbidities, it
may be difficult to clinically differentiate between the extent to which the cardiac disease is
contributing to symptoms and functional limitation versus other coexisting conditions.
Geriatric-specific syndromes and associated conditions including frailty, disability,
impaired mobility, cognitive dysfunction, poor nutrition, polypharmacy, fall risk, mood
disorders, and social isolation may influence prognosis in the elderly and may be more
important determinants of outcome than traditional risk scoring systems [116]. In addition,
individual therapy must carefully consider what outcomes are acceptable to patients and
their families with an appreciation of the potential for goals of care to change over the course
of an episode of care. In pursuing the best outcomes for elders with cardiovascular disease,
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much is yet to be learned. Rich et al. have proposed a research agenda for issues specific to
the management of cardiovascular disorders [117]. Future research should include a
patient-centered approach to delineating meaningful outcome metrics, defining and elicit-
ing the impact of geriatric syndromes and commonly encountered comorbidities on out-
come, and defining the patients most likely to benefit from admission to intensive care.
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Chapter

7
Nutritional and Metabolic
Derangements in the Critically Ill
Elderly

Arturo G. Torres, Sasha Grek and Brenda G. Fahy

Key Points

• Aging nutritional physiology predisposes elderly individuals to malnutrition
syndromes.

• Impaired intake and energy regulation and fuel metabolism derangements
underscore the etiology of malnutrition in the elderly.

• The three main malnutrition syndromes are protein-energy malnutrition
(or starvation), sarcopenia, and cachexia.

• Frailty is a reflection of the prolonged derangements from nutritional deficiencies
and functional decline associated with the aging process.

• Malnourished elderly patients have a higher morbidity and mortality when
hospitalized than their nourished counterparts.

• Protein-energy malnutrition is the only reversible condition responsive to
nutritional interventions.

• A chronic inflammatory state exists in both sarcopenic and cachectic patients,
leading to skeletal muscle mass loss and atrophy.

• Nutritional screening is necessary in all elderly hospitalized patients in order to
identify those at higher nutritional risk.

• Feeding goals should be achieved within 48 hours in elderly intensive care unit
patients with high nutritional risk factors.

• Enteral nutrition via gastric feeding should be the first-line choice for feeding.
Consider small bowel feeding in those at high risk for aspiration or those who can
have an enteral feeding tube placed in the small bowel.

• Obstacles that promote cessation of feeding must be identified and minimized on a
daily basis.

Introduction
Nutritional and metabolic derangements are common in elderly patients in the intensive
care unit (ICU) and are important to recognize due to the many complications that arise on
admission and throughout the course of hospitalization. They are often present before ICU
admission in many elderly patients. These nutritional and metabolic derangements are
primary determinants of frailty. Medical, psychiatric, and socioeconomic factors influence
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the nutritional status of the elderly. Malnutrition is an independent factor for ICU
morbidity and mortality [1]. This chapter explores the general malnutrition syndromes,
including starvation, cachexia, and sarcopenia, that lead to frailty and its impact on the
elderly ICU population (Figure 7.1). The physiologic derangements behind these
processes, as well as assessments of their severity and potential interventions to treat
them during ICU admission, will also be discussed. Current areas pertaining to specific
nutritional interventions that may be helpful in critically ill patients will also be
discussed. This chapter highlights the challenges of nutritional repletion in elderly
ICU patients, which often falls below set goals and in and of itself is insufficient to
reverse many of the nutritional and metabolic derangements that are present in the
elderly.

Malnutrition Syndromes
Aging is associated with changes in nutritional physiology, promoting weight loss
(Figure 7.2). The underlying mechanisms include impaired nutritional intake and altera-
tions in energy expenditure and fuel processing. Decreased nutritional intake with aging has
been attributed to reduced hunger and early satiety, as well as decreased senses of smell and
taste. Delayed gastric emptying, insulin resistance, and decreased sensitivity to several
digestive hormones are potentially responsible for these changes. Insulin resistance plays
a central role in the overall process that leads to what has been termed the anorexia of aging,
resulting in increasing satiation and promotion of skeletal muscle mass loss [2].
Longitudinal studies examining body composition and energy expenditures (including
daily, activity, and basal), performed over the life span of healthy elderly subjects, have
shown overall decreases in both body composition and energy expenditure with age. Of
note, these studies also found that the greatest decline is in energy expenditure related to
activity compared with the other components. The consequence of lower overall energy
expenditure is associated with an increase in functional limitations, thus predisposing the

Ongoing muscle mass loss
with decreasing function

Frailty

Cachexia PICS

Sarcopenia

Prolonged hospitalization

Prolonged hospitalization

Protein Energy Malnutrition
(Starvation)

• Malnutrition reversible only
with nutritional intervention

• Advanced state of disease and
malnutrition in ICU patient

• Required treatment of
underlying illness

• Nutritional and physical therapy
to slow progression

Figure 7.1 Overview of malnutrition syndrome (PICS = persistent inflammatory, immunosuppressed, catabolic
syndrome).
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elderly to the increased risk of morbidities [3]. Based on these findings, the elderly are at an
increased risk of malnutrition and frailty regardless of their current health status.

The term frailty is commonly used to describe the ailing elderly, and its definition
continues to evolve as more studies are performed that improve our understanding.
Currently, frailty describes a state of vulnerability that is responsible for an inability to
maintain normal physiological balance and response to stress [3]. Frailty represents a
physiologic trait that is independently associated with an increased risk of morbidity and
mortality rather than a reflection of underlying comorbidities. The main signs heralding the
presence of frailty are related to activity and nutrition. These include an unintentional
weight loss of greater than 5 percent in a calendar year, decreased muscle strength, and a
decrease in physical activity. Malnutrition, in combination with loss of muscle mass loss
(sarcopenia), ultimately determines the degree of frailty present in a particular patient [4].

Sarcopenia represents a state involving muscle mass loss with its associated functional
decline. The causes are multifactorial, including disuse, nutritional deficiencies, impaired
response of skeletal muscle to nutrients, and endocrine dysregulation [4]. Hormonal
imbalances are important because they lead to muscle catabolism; these hormonal imbal-
ances include insulin resistance as well as decreases in both estrogen and testosterone, and
they promote a disparity between muscle protein synthesis and muscle protein breakdown
with resulting muscle catabolism [5]. As a person ages, there are associated alterations in
muscle homeostasis and composition, including a decrease in muscle type II fibers, that are
characterized by fast and powerful contractions with greater fatigue. The inability to
generate power and the slowed rate of power development are hallmarks of both sarcopenia
and frailty. These age-associated losses are further accelerated by malnutrition. Other
derangements observed include an accumulation of damagedmitochondria and an increase
in muscle apoptosis from excessive production of oxidative radicals. In sarcopenic patients,
there exists some degree of chronic inflammation. This results in the presence of elevated
protein markers, including tumor necrosis factor alpha (TNF-α), C-reactive protein, and

Nutritional physiologic
changes with aging

Taste, smell
• Depression and other
  psychiatric factors

Delayed gastric emptying

Glucose
Insulin resistance
Glucagon

Satiation

• Autonomic dysfunction Hunger
Involuntary weight loss

Socioeconomic factors such
as poverty and isolation

Medical Illness
• Chronic diseas
• Medications

Figure 7.2 Factors contributing to involuntary weight loss in the elderly.
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interleukin 6 (IL-6). When TNF-α is elevated, an unregulated catabolic state is promoted
that specifically targets skeletal muscle [5].

Starvation, more scientifically termed protein-energy malnutrition (PEM), is strictly
caused by decreased intake. The prevalence of this state varies depending on the setting.
For the community-dwelling elderly population, reported rates range from 5 to 10 percent,
whereas in the elderly population in nursing homes and rehabilitation settings, the rates can
be up to 70 percent. In the acute care setting, between 23 and 60 percent of elderly patients
are malnourished [6]. Risk factors attributed to PEM are often referred to as the nine d’s
(dysphagia, dyspepsia, dementia, diarrhea, depression, disease, poor dentition, drugs, and
dysfunction). These apply to all disorders of malnutrition and frailty, but the difference
between PEM and the other disorders is that adequate feeding can reverse the negative
effects of PEM.

Cachexia is defined as a “complex metabolic syndrome associated with underlying
illness and characterized by loss of muscle, with or without loss of fat mass” [7].
Nutritional derangements include anorexia, insulin resistance, and increased muscle pro-
tein breakdown. In the elderly, there are multiple dysregulated nutritional pathways that
lead to an imbalance between catabolism and anabolism, with the complications of this
syndrome not responsive to nutritional interventions. Common disease processes respon-
sible for cachexia are cancer, chronic obstructive pulmonary disease, end-stage renal dis-
ease, rheumatoid arthritis, and congestive heart failure. A key distinction between
sarcopenia and cachexia is that most cachectic patients are sarcopenic, whereas the reverse
is not true; that is, not all sarcopenic patients are cachectic. The difference relates to the
malnutrition caused directly by the underlying illness in cachexia, although both sarcopenia
and cachexia share a common pathway that leads to anabolism resistance mediated by
chronic inflammatory processes [8].

One of the challenges in the elderly ICU patient population is that most elderly ICU
patients will have an interplay of all three syndromes – starvation, cachexia, and sarcopenia.
Clinical distinction is not always possible among the three because these states are not
mutually exclusive. The key is to identify the patients who present with nutritional derange-
ments in order to formulate a multidisciplinary approach to restore a degree of the
nutritional status with the goal of improving patient outcomes.

Intersection of Frailty and Critical Illness
Many of the same mechanisms underlying malnutrition syndromes are present and ampli-
fied in the myopathy of critical illness. Sepsis, respiratory insufficiency, surgery, and trauma
trigger a similar and common acute inflammatory pathway that leads to profound muscle
wasting via TNF-α-mediated catabolism. One salient example is the effect of prolonged
mechanical ventilation on sarcopenic elderly patients. The combination of decreased
diaphragmatic muscular mass due to sarcopenia and disuse atrophy from mechanical
ventilation leads to a vicious cycle of increased ventilator dependence. Emerging epidemio-
logic data suggest that frail elderly individuals have worse outcomes than their nonfrail
counterparts. Even more alarming is that more than one-third of elderly patients meet the
criteria for frailty. This figure will only continue to increase as the proportion of elderly
population increases, with the effects of malnutrition superimposed on the high prevalence
of chronic comorbidities. Interestingly, age alone is not consistently a predictor of mortality
compared with frailty [9].
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Furthermore, malnutrition syndromes are a major risk factor for persistent inflamma-
tory immunosuppressed catabolic syndrome (PICS), a new phenotype of multiple-organ
failure describing the underlying pathophysiology of chronic critical illness (defined as an
ICU stay > 14 days) that is mostly associated with the elderly and has a high mortality rate.
Similar to sarcopenia and cachexia, patients with PICS are refractory to nutritional supple-
mentation. The underlying molecular pathophysiology shares a continuum with both
sarcopenia and cachexia. The distinguishing features of PICS are the clinical setting and
enhanced deterioration caused by the underlying illness and ensuing inflammatory
insult [10].

Assessment
All patients admitted to the ICU require an immediate nutritional screening. Unlike the
complexity of diagnosing sarcopenia and frailty, determining baseline nutritional risk is
relatively simple. Current guidelines endorse the Nutritional Risk Screening (NRS) 2002
and the Nutrition Risk in Critically Ill (NUTRIC) scoring systems over others [11]. In
contrast to other systems, both of these systems determine nutrition status and disease
severity. Recent data support the use of assessment over screening tools in ICU patients
because they indicate relevant outcomes (i.e., mortality, length of stay) independently.
These assessments include Subjective Global Assessment and Mini Nutritional
Assessment [12]. Regardless of the tool used for assessment, each has its shortcomings.
The key is to have a standardized and consistent approach for identification of baseline
nutritional status. Current data indicate that appropriate and early nutritional interventions
for patients at higher risk can lead to improved outcomes, including reduced infection, total
complications, and mortality, compared with patients at low nutritional risk [13].

Traditional serum protein markers, including albumin, prealbumin, and transferrin,
among others, merely reflect the acute-phase response and do not accurately represent the
nutrition status of the patient in the ICU (Table 7.1). Interestingly, the albumin levels of
sarcopenic patients have been shown to correlate with all-cause mortality in the elderly [5].
Neither anthropometrics nor bioelectric impedance serves as a reliable assessment tool for
sarcopenic status, nor do they assess the adequacy of nutritional therapy [14]. To date,
markers of inflammation, including TNF-α, C-reactive protein, and others, are still being
investigated and are discouraged from being used as surrogate markers [15]. Ultrasound
and CT scan are emerging tools for muscle mass and body composition assessments.
However, validation and reliability studies in ICU patients at the time of writing remain
to be studied [16].

Nutritional experts opine that accurate estimation of energy expenditure is required to
help guide an effective nutritional strategy. Indirect calorimetry remains the gold standard
for determining energy requirements, yet there are no data suggesting that accurately
measuring resting energy expenditure to determine nutritional requirements improves
outcome [9]. A more practical recommendation is to use published predictive equations
(e.g., Harris-Benedict, Penn State, etc.) or a simplistic weight-based equation (25–30 kcal/kg
per day) to guide energy requirements. However, one of the shortcomings when using
predictive equations is that they are less accurate in patients at the extremes of weight, that
is, obese and underweight patients [18]. One advantage of using weight-based equations is
the simplicity of their application. An important caveat when using weight-based calcula-
tions in the critically ill ICU patient is that with dynamic fluid shifts (e.g., fluid resuscitation,
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edema), dry weight should be used instead of actual weight [11]. Regardless of the approach
used, nutritional evaluations should be dynamic and ideally occur more than once per week.

Interventions
Once an elderly patient becomes frail, nutrition supplement in the form of feeding alone will
not reverse the effects of the frailty. However, nutritional repletion is still necessary in the
malnourished elderly patient [1]. A nutritional screen and/or further assessment should be
performed, and if the patient is determined to be at high risk of malnourishment
(Figure 7.3), early feeding is recommended whenever possible. Early feeding is preferred,
provided that no active resuscitative efforts are taking place [18]. This recommendation is
particularly relevant for sarcopenic elderly patients because they are already protein defi-
cient. Even early starvation (<24 hours) should be avoided if possible due to the patient’s
underlying procatabolic state. In frail individuals, nearly 20 percent of resting energy
expenditure during starvation is derived from protein stores. Importantly, type II muscle
fibers, those that help prevent frailty, are the ones preferentially subjected to proteolysis
[19]. Early initiation is paramount to decrease the ongoing PEM. The goal for these patients
is to provide greater than 80 percent of estimated or calculated goal energy and protein
requirements within at least the first 48 to 72 hours while monitoring for refeeding
syndrome [20] (Table 7.2). Aggressive protein-driven diets (with a range of 1.2–2.0 g/kg
of actual body weight per day) are the current recommendations, highlighting the impor-
tance of PEM and its deleterious effects. Protein requirements may be even higher in certain
patient populations, which include patients with thermal injuries or elderly patients with
polytrauma [11].

Current barriers exist that prevent optimal nutritional supplementation. These include
both patient and institutional barriers (Table 7.3). In the current ICU setting, there is an

Table 7.1 Serum Biomarkers Associated with Nutritional Status

Biomarker Half-life Comments

C-reactive protein 2 days Acute-phase reactant.

Levels influenced by underlying inflammation,
infections, and cytokines.

Albumin 14–20 days Long half-life limits usage in acute setting.

Potential marker for long-term outcome in
sarcopenic patients.

Levels influenced by liver and renal disease,
vascular permeability, and inflammation.

Prealbumin 12 hours Negative acute-phase protein.

Levels influenced by the inflammatory cascade,
renal and liver disease.

Transferrin 8–9 days Levels influenced by inflammation, iron content,
malabsorption, and liver and renal disease.
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epidemic of underfeeding of patients [1]. On average, only about 50 percent of the
recommended calories and proteins are administered to ICU patients. Several culprits
have been identified, such as the reluctance of caregivers to initiate early feedings because
of the concerns for the potential instability of the newly admitted patient, cessation of
delivery for procedural reasons, nursing care, and other required tests. Perceived feeding
intolerance is estimated to be inappropriate more than half the time. Intolerance miscon-
ceptions are speculative and include measurements of what is deemed high gastric volumes
(GRVs) reliance, vasopressor therapy with stable blood pressure, and perceived gastric
dysfunction [21]. Recent guidelines discourage the use of routinely measuring GRV because
there is no evidence indicating higher rates of aspiration with high residuals. If GRV is still
routinely used, then holding enteral nutrition (EN) for a GRV of less than 500 ml without
signs of intolerance should be avoided. Daily assessments are crucial to identify true
gastrointestinal intolerance from feedings (Figure 7.4). Recent surveys indicate that nurses

Table 7.2 Patients at Risk for Refeeding Syndrome

Elderly malnourished individuals

Postoperative patients

Patients with uncontrolled diabetes mellitus

Patients with alcoholism

Chronic users of antacids

Prolonged diuretic users

Table 7.3 Barriers Affecting Nutritional Supplementation in the ICU

Patient factors Institutional factors

Uncertainty of feeding initiation due to
resuscitation endpoint.

Perception that early feeding is not important

Degree of GI dysfunction Relying on GRV

Intolerance to EN Cessation due to scheduled tests or
procedures

Change in patient status Lack of specified nutrition bundles

Recommendations

Prioritize early feeding.

Define endpoints of resuscitation in order to
begin feeds.

GI dysfunction does not preclude feeding.

Daily assessment of gastrointestinal function.

Decrease reliance on GRV.

Implement nurse-driven nutritional bundles.
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solely used a GRV of greater than 200 ml as evidence of intolerance [22]. Hence a
comprehensive approach using physical examination, signs and symptoms, and radiologic
evaluations to determine true intolerance is required. For example, new onset of diarrhea is
not a reason to discontinue EN; rather, EN should be continued while differentiating
infectious versus osmotic diarrhea in a stable patient [11].

Nutritional Assessment of Patient

Nutritional Risk

EN candidate

No

No

No =

Yes

Yes

Yes =

Risk of
aspiration

Commence PN
within 48 hours

*High nutritional risk characteristics:
• Weight loss > 5% in 1 month
• BMI < 18.5
• NSR 200 > 5
• NUTRIC score > 5

Commence gastric EN

Commence 
EN small
bowel feeds

Gastric
feeds

Feeding goals should be achieved within 48 hours of admission

Ability to
place tube

in small
bowel quickly

EN within 1 week of hospitalizationLow

High*

Figure 7.3 Feeding the ill elderly patient (EN = enteral nutrition).

En Candidate

Initiate to achieve goal within
48 hours in stable patient

Signs of Intolerance*

No Yes

Continue
feeds

Stop feeds and re-assess the
patient via physical exam and
radiological studies

*Signs of GI Intolerance to EN:

  • Abdominal distention
  • Vomiting
  • Abdominal pain
  • Persistent diarrhea
  • Unexplained metabolic acidosis
  • High nasogastric (NG) tube output
  • GVR > 500 ml

Determine aspiration risk
in order to determine
placement of gastric vs
small bowel tube

Figure 7.4 EN and intolerance assessment (EN = enteral nutrition; GRV = gastric residual volume).
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Enteral nutrition remains the standard of care for nutrition in the critically ill patient
and continues to be preferred over parenteral nutrition (PN). For both practical and safety
reasons, EN should be the primarymode of feeding. Accumulated evidence suggests that PN
is not as deleterious as once thought [23]. Recent studies indicate that there is no difference
in mortality, but EN is associated with a reduction in infectious morbidity [24]. The largest
randomized, controlled trial to compare gastric versus small bowel EN found no difference
in clinical outcomes [25]. Aggregated data from multiple randomized, controlled trials
found a reduced risk of pneumonia with small bowel feeding, yet no difference in mortality
or length of stay was seen [26]. Gastric EN to permit early feeding should be the initial
approach unless the patient is deemed to be at high risk of aspiration or there is the ability
for quick placement in the small bowel. Withholding EN before small bowel access is placed
may be more harmful than commencing gastric EN in most patients [27].

Continuous EN of critically ill patients appears to be the global standard of care [11].
Although the alimentary tract in humans has evolved to digest intermittently, multiple
animal studies suggest that a continuous approach inhibits skeletal muscle synthesis and
promotes insulin resistance, which leads to muscle protein catabolism. Unfortunately, there
are conflicting data regarding aspiration risk with intermittent bolus feeds [9,11]. At the
time of writing, for any patient at risk for aspiration (Table 7.4), an intermittent approach to
feeding cannot be recommended. Advanced age remains a risk factor for aspiration and thus
makes the unstable elderly patient a nonviable candidate for bolus feeds. The potential for
protein sparing and synthesis associated with intermittent bolus feeding needs further
investigation and should not be cast aside without weighing the risks and benefits [28].

These recommendations apply to the general adult ICU population. Extrapolating them
to the elderly ICU patient population should be done with careful consideration. Yet the
general suggestions for early feeding with aggressive nutritional goal achievement (invol-
ving both calories and protein supplementation) with daily monitoring for intolerance are
prudent.

Recommendations to proceed with PN depend on the nutritional status of the particular
patient. For patients who are at low risk for complications related to malnutrition, with-
holding PN over the first 7 days of ICU admission is reasonable if EN is not possible. Yet, in
a severelymalnourished patient, immediate initiation of PN should be considered versus the
standard therapy of withholding tube feeding for several days [28].

Some experts recommend a hybrid approach for severely malnourished elderly patients,
that is, combining EN and PN to achieve nutritional goals. Guidelines caution that

Table 7.4 Factors Associated with a High Risk of Aspiration

Prolong mechanical ventilation

Age > 70 years

Neurologic deficits

Inadequate nurse-patient ratio

Supine positioning

Use of bolus intermittent EN

Severe gastroesophageal reflux
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supplemental PN prior to a 7- to 10-day period in critically ill adult patients does not
improve outcomes and may be detrimental [11,29,30]. Whether this approach is applicable
to elderly ICU patients remains an area for investigation.

The goal for the volume of EN is to achieve greater than 80 percent of energy and protein
needs within 48 hours regardless of the underlying illness. A randomized, single-center
study compared trophic (i.e., low-volume EN) versus full EN supplementation during the
first week of hospitalization in patients with acute respiratory distress syndrome. A lower
incidence of gastrointestinal intolerance was seen in the trophic feeding group versus the
full feeding group. Clinical outcomes in both groups were similar. The heterogeneity of
the patient population and exclusion of malnourished patients from the design limit the
conclusions and applicability of the study findings [28]. At this point, patients who present
or develop acute respiratory distress syndrome or acute lung injury should not be subjected
to trophic feeds unless clinically indicated by confirmed EN intolerance, especially ICU
patients with underlying frailty.

The quality of evidence concerning EN formulation is sparse, especially for elderly ICU
patients. The standard polymeric isotonic formula, at the moment, is one-size fit all. Other
specially tailored formulas have not shown superiority over the standard polymeric isotonic
formula. One exception would be the use of an immune-modulating formula in post-
operative patients in the surgical ICU [11]. Emerging data suggest that targeted nutrient
therapy may be beneficial in sarcopenic patients. In experimental observations, leucine
supplementation promotes muscle synthesis [32]. Yet clinical observations are mixed, and
such supplementation has not proven beneficial to date [33].

Muscle disuse or unloading is a common phenomenon in the critically ill elderly popula-
tion.Within days,muscle unloading can lead to decreasemuscle protein synthesis and skeletal
mass in human models. Significant molecular changes involving decreased expression of
amino acid cell membrane transports in a healthy elderly cohort after 7 days of bed rest has
been observed. The obstacles of mobilizing critically ill elderly patients can be daunting due to
myriad factors, yet the sequelae of prolonged bed rest and further muscle loss continue long
after the patient survives the ICU [34]. Early aggressive mobilization is proven to be beneficial
for ICU patients. Implementation protocols are feasible under the guidance of a multi-
disciplinary team. In patients with significant disease burden (respiratory failure, shock,
altered mental status), alternative nontraditional modalities should be considered, such as
continuous passive motion devices and neuromuscular electrical stimulation [5].

Conclusion
The science behind nutritional support is in its infancy and continues to evolve. The current
focus has revolved primarily around the adult ICU patient and has not specifically focused
on the elderly ICU patient. Nutritional and metabolic derangements in the elderly stem
from a predisposition for nutritional deficiencies due to physiologic changes, underlying
illness, and an interplay of socioeconomic factors. These nutritional andmetabolic derange-
ments lead to frailty, further amplifying underlying comorbidities and nutritional derange-
ments. Once a patient is admitted to the ICU, starvation is harmful, and efforts to
aggressively feed these individuals are necessary. Daily assessments are mandatory to ensure
that nutritional interventions are appropriate and advantageous. Ultimately, a multifaceted
approach is required to address the underlying nutritional and medical derangements
present because nutrition alone is insufficient.
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Chapter

8
Electrolyte and Renal Disorders
in the Critically Ill Elderly

David S. Geller and Susan T. Crowley

Key Points

• There are well-described renal anatomic and physiologic adaptations associated with
aging.

• While a loss of glomerular filtration rate (GFR) is not an absolute finding with aging,
in general, GFR has an inverse relationship with age; estimation equations for GFR
exist and should guide therapeutic decision making in the elderly with stable renal
function.

• The typical renal functional changes of aging restrict the kidney’s ability to maintain
homeostasis in the face of physiologic challenges, resulting in an increased incidence
of dysnatremias and other electrolyte disorders such as hypercalcemia and
hyperkalemia.

• Acute kidney injury (AKI) is not exclusive to the elderly but is more common and is
associated with an increased risk of nonrecovery of renal function in the aged
compared with the young.

• A host of cellular mechanisms associated with senescence may collectively increase
the risk of AKI and retard the regenerative capacity of the kidney, limiting renal
recovery from AKI in the aged.

• The hazard of a renal biopsy is not increased by age itself, and specimen quality is not
diminished; thus, in situations of diagnostic uncertainty of AKI, renal biopsy should
not be withheld in the elderly because it may offer high diagnostic yield and
effectively guide therapeutic treatment strategy.

• The mainstay of renal replacement therapy in the elderly is prevention of
complications, particularly those related intradialytic hemodynamic instability and
malnutrition.

• Current guidelines pertaining to the management of patients with AKI are age
agnostic, yet elderly patients do have an increased risk of AKI and persistent
renal dysfunction. This disconnect underscores the need for further research to
establish evidenced-based critical care management strategies of the very elderly
with AKI.
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Introduction

Renal dysfunction is common in the critically ill elderly. In contrast, an understanding of
the mechanisms contributing to this dysfunction is limited. Adopting a Bayesian approach,
whereby available knowledge of normal renal senescence and acute kidney injury in the
critically ill population are considered, the expected disruptions to renal homeostasis in the
hospitalized elderly with life-threatening illness can be predicted and mitigated.

Renal Function and Aging: Epidemiology

A reduction in glomerular filtration rate (GFR) in the elderly compared with younger
people was noted more than 60 years ago and has been confirmed by numerous subsequent
studies [1]. In healthy adults, the average loss of GFR with increasing age is estimated to be
approximately 0.75 ml/min per year [2]. Closer inspection, however, shows substantial
heterogeneity in GFR loss across as well as within age strata. For example, a substantially
higher rate of GFR decline is described in older healthy adults (40–80 years of age)
compared with younger individuals (1.51 versus 0.26 ml/min, respectively) [2]. In addition,
there is variation in the rate of decline within elderly cohorts, with over one-third of subjects
manifesting no decrement in renal function with age [2,3], even when using GFR estimation
equations in lieu of creatinine clearance [4] and among the “oldest old” [5]. Not surpris-
ingly, the rate of decline of GFR in older populations that include subjects with comorbid-
ities is substantially higher than the average reported for healthy cohorts, approximating
2.6 ml/min per year [6].

Thus, with aging, loss of GFR is not an absolute finding. Rather, there is variation in the
decline in GFR with aging, with some healthy adults maintaining GFR, whereas in most
adults the GFR declines at 1ml/min per year and perhaps faster in the presence of additional
comorbidities.

Estimating Renal Function in the Elderly

While serum creatinine (SCr) remains the most commonly used biomarker for estimating
GFR, reduced dietary protein intake and changes in body composition with aging (e.g.,
sarcopenia) both reduce SCr. As a consequence, reliance on SCr alone leads to overestima-
tion of GFR, and the presence of renal disease can be missed even when the SCr is within the
laboratory reference range. This has led to a search for more reliable biomarkers of GFR as
well as the development of equations with less variability in GFR estimation.

The Cockcroft-Gault (C-G) formula estimates creatinine clearance (eCrCl) using an
equation derived from a small study of Caucasian men aged 18 to 92 years, with and without
chronic kidney disease (CKD) [7]. As is true for measured urinary creatinine clearance,
eCrCl typically overestimates GFR due to tubular secretion of creatinine.

Despite this limitation, for drug dosing, the eCrCl is the historical equation of choice for
all ages, including the elderly. This is because eCrCl underestimates renal function [8]
relative to the other commonly used GFR estimation equations (e.g., the Modification of
Diet in Renal Disease [MDRD] formula, discussed below) [9]. GFR underestimation is
especially preferred in the elderly because additional factors associated with aging may
increase a drug’s pharmacologic activity and toxicity (e.g., altered volume of distribution,
reduced serum albumin concentration, changes in tubular handling). Because these latter
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factors are not considered when dosing a drug based on GFR alone, the more conservative
GFR estimation approach to dosing is recommended.

The second SCr-based GFR estimation equation, widely adopted for laboratory core-
porting of GFR along with SCr, is the Modification of Diet in Renal Disease (MDRD)
formula. Generated from the Modification of Diet in Renal Disease study, it is derived from
a population of predominantly Caucasian nondiabetic US adults from 18 to 70 years of age
with an eGFR of less than 60 ml/min/1.73 m2 [10]. While reportedly “suitable for use across
populations with chronic kidney disease (CKD)” [11] andmore accurate for estimating GFR
in the elderly than eCrCl, in the absence of a study specifically validating its performance in
the elderly, this claim remains debatable [8].

A third eGFR method, the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation, is derived from the Chronic Kidney Disease Epidemiology Collaborative – a
large (>10,000 subjects) racially and ethnically diverse population of men and women with
and without CKD and diabetes [12]. In lieu of SCr, cystatin can be substituted as the serum
biomarker. Regardless of the biomarker used, its relative precision as compared with the
MDRD equation for estimating renal function in elderly patients with a GFR greater than
60 ml/min/1.73 m2 remains to be determined.

Regardless of the formula used, all eGFR equations assume stability of SCr at the time of
measurement, and thus laboratory-reported eGFR should be cautiously interpreted in
patients with rapidly changing kidney function. Care is also warranted in the interpretation
of GFR in the critically ill, where variable creatinine generation rates violate a second
assumption of SCr-based equations. Further, SCr-based estimation of GFR may be inaccu-
rate in patients with reducedmusclemass and those with irregular dietary intake, blood loss,
or significant volume infusion, all of which are often seen in the elderly and/or critically
ill [13].

Kidney Changes in Aging

The renal changes of aging aremanifest throughout the nephron and are both structural and
functional. Functionally, the aging renal vasculature demonstrates reduced endothelial cell
capacity for nitric oxide production, as well as increased sensitivity to endothelin-1 and
angiotensin II [14]. The elasticity of blood vessels also diminishes with age. The net result is
a predictable rise in systolic arterial blood pressure (BP) with a widening of pulse pressure
with progressive age [15]. Structurally, renal arteriolar hyalinosis accompanies the func-
tional vascular changes of aging, with the relative contribution of hypertension versus aging
as drivers of its development still under debate [15].

The restricted ability of the aging renal vasculature to effectively modulate blood
flow in response to dynamic changes in arterial pressure results in increased glomerular
capillary hydraulic pressure. Progressive glomerular sclerosis ensues, especially in the
renal cortex, resulting in a loss of nearly 7,000 glomeruli per year after age 18 [16]. The
involution of glomeruli results in atrophy of both afferent and efferent arterioles. As a
consequence, the peritubular capillary density is eroded, and tubular atrophy and
interstitial fibrosis become manifest. In juxtamedullary glomeruli, tuft sclerosis results
in the development of direct arteriovenous shunts (aglomerular arterioles), accounting
for the relative preservation of medullary blood flow in the senescent kidney [16].
Combined, the anatomic changes of aging result in reduced renal mass after the fourth
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decade, with cortical volume loss exceeding that of the medulla, and an average mass of
less than 300 g by 80 years of age [16].

The tubular loss and interstitial fibrosis due to aging contribute to a variety of
salt and water syndromes that are commonly manifest in the hospitalized as well
community-dwelling elderly – notably the dysnatremias, hyperkalemia, and
hypercalcemia.

Hypernatremia
Hypernatremia (SNa+ > 145 mEq/liter) is relatively common in hospitalized patients with a
reported incidence of roughly 1 percent in hospitalized patients as well as in long-term care
facilities [17–19]. Hypernatremia is associated with substantial in-hospital mortality – up to
40 to 55 percent [17,18,20], although it should be noted that the mortality is typically related
to the underlying disease process rather than the hypernatremia itself [19].

Hypernatremia is especially prevalent in the elderly; the mean age of patients admitted
with this diagnosis is typically in the mid-70s [17,20]. Physiologic factors that predispose
aging individuals to hypernatremia include the impaired renal concentration mechanisms
that occur with age. Whereas young adults can achieve a urinary osmolality as high as 1,200
mOsm/kg, older individuals can achieve a maximum concentration of only 700 to 800
mOsm/kg [21]. Arginine vasopressin (AVP) levels are elevated in older individuals sub-
jected to water deprivation, suggesting that the concentration deficit is due to renal tubular
changes and not central deficiencies in osmoregulation. Studies in experimental animals
suggest that this defect relates to decreased AVP-induced cyclic AMP generation and a
consequent decrease in aquaporin expression [21–23]. In addition to these renal tubular
epithelial (RTE) changes, healthy and cognitively intact elderly individuals do not have an
adequate thirst response to water deprivation compared with younger subjects [22], and the
risk is even greater in demented individuals [24].

Other clinical risk factors associated with hypernatremia in the elderly include female
gender, age greater than 85 years, having more than four chronic conditions, limited
mobility, infections, and altered mental status [19]. Additional contributing factors com-
mon in the elderly include febrile illness, diabetes, diarrhea, diuretics, gastrointestinal (GI)
bleed, and intravenous (IV) solute [18], and a voluntary decrease in fluid intake due to
concerns about urinary incontinence [19]. Increased water loss may be particularly proble-
matic during the summer months [17]. Finally, hypernatremia may occur due to increased
osmotic intake, whether via increased sodium/solute intake in patients with limited fluid
intake or develop iatrogenically via the provision of hypertonic IV infusions, such as the use
of IV bicarbonate in patients receiving cardiopulmonary resuscitation [19].

While the elderly are at particular risk of hypernatremia, the management of hyperna-
tremia in the elderly does not differ substantially from that in any age group. The reader is
thus referred to a general review of its management [25].

Hyponatremia
As with hypernatremia, renal functional changes leave elderly patients susceptible to
hyponatremia. Hyponatremia is common in the elderly population, especially in institutio-
nalized patients, in whom the prevalence is more than double that of age-matched ambu-
latory adults (18 versus 8 percent). Remarkably, 53 percent of nursing home denizens,
particularly those with central nervous system or spinal cord lesions, experienced at least
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one episode of clinical hyponatremia in the preceding year [26], increasing the risk of
hospitalization by 10 percent with a fourfold increased risk of an adverse outcome in
hospitalized patients [27].

Clinically, the presentation of patients with hyponatremia depends not only on the
severity of the hyponatremia but also on the rate at which it develops. Symptoms are
often observed in cases of acute hyponatremia (i.e., the development of hyponatremia in
< 48 hours). Patients with mild acute hyponatremia (SNa+ = 130–134 mmol/liter) may be
asymptomatic or may report anorexia, cramping, headache, or irritability. Moderate acute
hyponatremia (SNa+ = 125–129 mmol/liter) may lead to disorientation, confusion, weak-
ness, or lethargy. Acute severe hyponatremia (SNa+ < 125 mmol/liter) can lead to nausea,
vomiting, seizures, coma, respiratory arrest, or permanent brain damage [21,28].

Previously believed to be inconsequential, hyponatremia is, to the contrary, associated
with a significant increase in the risk of fracture in the elderly [29–32], independent of the
presence of osteoporosis [32]. Likely contributors to this heightened fracture risk include
increased gait instability, attention deficits, and falls [30]. The identification of such
neurologic deficits raises the question of whether hyponatremia is truly benign in the
elderly and whether more aggressive management of the hyponatremia should be consid-
ered [33].

Elevated vasopressin levels are overwhelmingly present in hospitalized patients with
hyponatremia [34]. A number of pathophysiologic mechanisms drive the nonosmotic
release or increased effect of vasopressin, many of which are more likely to be present in
the elderly [21,35] (Table 8.1).

Management of Hyponatremia

The management of hyponatremia in the elderly patient is similar to that in other adults,
and thus the reader is referred to recent guidelines for detailed recommendations [36].
Noteworthy is that the most dreaded complication of hyponatremia, brain herniation,
typically occurs with the development of hyponatremia during rapid cerebral uptake of
water. Because this more often occurs in settings of excessive water intake (e.g., marathon
running, ecstasy use), it is less common in the elderly.

In contrast, the elderly more often present with chronic hyponatremia and are at risk of
iatrogenic injury from overly rapid correction of hyponatremia. Patients with liver disease,

Table 8.1 Pathophysiologic Mechanisms That Drive the Nonosmotic Release or Increased Effect of Vasopressin

• Release due to low effective circulating volume.

• Nonspecific stimuli, such as anxiety, stress, pain, and nausea.

• Drugs.

• Ectopic vasopressin (e.g., small cell lung cancer).

• Activating mutations in the vasopressin-2 receptor.

• Factors that increase the renal effects of vasopressin (e.g., cyclophosphamide).

• A reset Osmostat has been observed in certain types of dementia (e.g., multiple system atrophy,
Lewy body dementia).
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alcoholism, hypokalemia, malnutrition, or a SNa+ of less than 105 mEq/liter seem to be at
particular risk of overly rapid correction. Current recommendations are that asymptomatic
patients with chronic hyponatremia have their SNa+ corrected by no more than 6 to 8 mEq/
liter per day because rare cases of osmotic demyelination have been reported with correc-
tion rates as low as 10 mEq/liter per day [37]. A minimum correction of 4 to 8 mEq/liter per
day has been advocated as well.

Patients who develop severe hyponatremia (SNa+ < 120 mEq/liter) due to chronic
thiazide use or hypovolemia are at particular risk of overly rapid correction. This is a
consequence of a spontaneous aquaresis following volume-deficit correction. Also at high
risk of overcorrection are patients whose hyponatremia develops as a result of cortisol
deficiency or chronic desmopressin use. In such patients, therapeutic interventions to
prevent rapid overcorrection are indicated. Serum Na+ and urine volume should be
monitored every 4 to 6 hours. If the daily target has been achieved, further correction of
the serumNa+ level via ongoing urinary water loss should be avoided by replacing it 1:1 with
oral water or 5% dextrose or by parenteral desmopressin administration [36]. If the daily
correction target has been exceeded, a relowering of the serumNa+ level via water provision
and use of desmopressin is recommended [36].

Hyperkalemia

Hyperkalemia is another frequent electrolyte disorder of the elderly due to renal functional
changes with aging. The decline in GFR with age predisposes elderly patients to hyperka-
lemia but is typically not sufficient to cause hyperkalemia until the GFR is less than 30 ml/
min, suggesting that disorders in tubular function contribute to the propensity to hyperka-
lemia as well. A number of mechanisms inhibit the distal nephron’s ability to secrete
potassium. Urinary tract obstruction, common among elderly males, triggers hyperkalemic
renal tubular acidosis via a disruption of distal nephron potassium secretion [38].
Aldosterone is an important secretagogue of potassium in the distal nephron, but hypor-
eninemia, occurring as a by-product of the normal aging process or as a consequence of
diabetes mellitus [39], may lead to hypoaldosteronemia. Certain medications, including
nonsteroidal anti-inflammatory drugs, cyclooxygenase II inhibitors, and β-adrenergic
blocking drugs, suppress renin secretion as well [40–43]. Selective hypoaldosteronism has
also been described in association with amyloidosis, Sjögren syndrome, and cases of
metastatic carcinoma to the adrenal gland [44–47] and is a well-known side effect of
ketoconazole [39] and long-term heparin use [48]. Hyperkalemia is a common side effect
of angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, and direct
renin inhibitors. Amiloride and spironolactone directly antagonize the ability of the prin-
cipal cell to secrete potassium, an activity shared by the antibacterial agent trimetho-
prim [43].

Potassium excretion in the distal nephron requires adequate sodium delivery and fluid
flow [49]. Effective circulating volume depletion, either by hypovolemia (in the setting of
diarrhea, sepsis, or liver disease or diuretic use) or hypervolemia (as seen with congestive
heart failure) may lead to inadequate distal nephron sodium delivery, thus impairing the
kidney’s ability to secrete potassium. Similarly, flow-sensitive channels in the distal nephron
secrete potassium in response to high urine flow – failure to maintain high flow due to
hypovolemia or inadequate fluid intake will similarly compromise renal potassium excre-
tion [43]. Elderly patients often avoid excess fluid intake either due to impaired thirst
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mechanisms or due to concerns about frequent urination or incontinence and thus may be
at particular risk for hypovolemia, thus impairing the kidney’s ability to secrete potassium.

Management of Hyperkalemia

Management of hyperkalemia in the elderly is similar to that in other adults, but with some
important caveats. First, elderly patients with underlying cardiac disease or abnormal
baseline electrocardiograms (ECGs) may experience a life-threatening conduction delay
despite the absence of typical hyperkalemic ECG changes [50]. Second, nebulized β-agonists
(10–20 mg) typically increase blood pressure and heart rate and thus are not recommended
in elderly patients with coronary artery disease [50]. A combination of intravenous insulin
(10–20 units) with 50 g of glucose is effective at inducing cellular uptake of potassium and is
preferred in elderly patients. Sodium bicarbonate may also encourage cellular uptake of
potassium, but its use should be reserved for patients with a severe metabolic acidosis who
can tolerate a sodium load [50].

Ultimately, management of the hyperkalemia requires removal of excess potassium
from the body. The use of potassium-binding resins such as sodium polystyrene sulfonate
or patiromer may serve to facilitate colonic potassium excretion while waiting for dialysis to
be initiated [39].

Hypercalcemia

The elderly are also at increased risk for is hypercalcemia. In the Netherlands, the overall
incidence of hypercalcemia in elderly women is 3 percent, and severe hypercalcemia (Ca2+ >
14 mg/dl) accounts for 3 percent of hospital admissions from the emergency department.
Most cases are due to either primary hyperparathyroidism or malignancy, both of which
occur with increasing incidence in the elderly [21]. In addition to these causes, the elderly
are susceptible to hypercalcemia because of immobility, use of predisposing medications,
and effective circulating volume depletion [21].

Hypercalcemia should be considered in any elderly patient presenting with
decreased mental status. The diagnosis can be confirmed by measuring the ionized
calcium level, important because a low serum albumin level may conceal the presence
of hypercalcemia. If confirmed, a physical examination looking for evidence of volume
depletion, neck masses, lymph nodes, or other signs of malignancy is essential. The
evaluation and management of hypercalcemia are similar to those of other adults.
Medications frequently prescribed to elderly individuals that predispose to hypercalce-
mia or potentiate its adverse effects include thiazides, vitamin D, vitamin A, calcium
supplements, tamoxifen, and digoxin.

Severe hypercalcemia (SCa2+ > 14mg/dl) or hypercalcemia with associatedmental status
changes requires urgent therapy. Because patients are often volume depleted due to the
inhibitory effects of calcium on renal tubular sodium resorption, initial therapy for hyper-
calcemia normally involves volume repletion with IV normal saline at high rates (200–
300 ml/h) [51]. Elderly patients are more likely to have a history of cardiovascular disease
and thus need careful monitoring for signs of pulmonary congestion during fluid resuscita-
tion. The reader is referred to further references for a detailed discussion of the use of loop
diuretics, glucocorticoids, bisphosphonates and calcitonin in the management of hypercal-
cemia [51].
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The Aging Kidney in Critical Illness: Epidemiology of Acute
Kidney Injury in the Intensive Care Unit (ICU)
By far the most common renal manifestation described during critical illness is that of acute
kidney injury (AKI). Defined as an abrupt increase in serum creatinine and/or onset of
oliguria, AKI is identified disproportionately among the aged [52]. The most commonly
reported cause of AKI in the critically ill is acute tubular necrosis (ATN), which may be
secondary to absolute or relative renal parenchymal hypoperfusion, inflammation, and/or
toxic injury [53,54].

Rodent models of ischemia-reperfusion AKI support an increased susceptibility of
the aged animal to renal injury [55]. The human equivalent of an ischemia-reperfusion
model occurs with renal transplantation. It is noteworthy that in this model, delayed
graft function following renal transplantation is twofold higher in kidneys from older
living donors compared with kidneys from younger donors, suggesting enhanced
susceptibility of the aged kidney to injury and/or impaired recovery capability [55].
In addition, among hospitalized Medicare beneficiaries, the rate of AKI increases with
age [56], with the most elderly (i.e., those 85 or more years of age) having nearly
fourfold the rate of first hospitalization with AKI compared with the cohort of 66- to
69-year-olds [57]. Curiously, the rate of dialysis-requiring AKI is the same across all
age-stratified Medicare cohorts, suggesting either a higher threshold for offering dialysis
to the very elderly or a higher rate of declining dialysis to the very elderly with AKI.
The substantially higher rate (~30 percent) of renal nonrecovery in older cohorts with
AKI versus younger cohorts suggests greater injury and/or lower renal regenerative
capacity in older subjects [55,57] Additionally, the risk of more severe and/or recurrent
AKI is increased with age, lending further credence to the hypothesis that senescence is
associated with increased risk of renal injury [52,57].

Kidney Adaptability in the Aged
The changes in renal tubular epithelial (RTE) cells that occur with senescence provide an
explanation as to why there may be limited recovery from injury with advancing age. In
response to stress, both non-telomerase- and telomerase-dependent pathways are activated
in the aging RTE cell, resulting in an increased propensity for RTE cell cycle arrest. Aging
kidney cells also demonstrate increased basal as well as stress-induced rates of apoptosis
linked to alterations in the caspase cascade, which contributes to limited capability for RTE
cellular repair. Diminished Klotho expression, associated with aberrations inWnt signaling,
is also linked to the reduced proliferative potential of the senescent cell. Lastly, age-related
changes in macrophage-modulated RTE cell response to stress (immunosenescence) may
also be an important determinant of recovery from AKI [55]. Collectively, these mechan-
isms of senescence interact to effectively retard the regenerative capacity of the RTE cell and
hence limit renal recovery from AKI in the aged.

Management of AKI in Elderly with Critical Illness

Renal Biopsy and Renal Replacement Therapy (RRT)
Uncertainty about the cause of AKI is a common reason for pursuing a renal biopsy,
particularly in the elderly, where AKI is the indication in nearly one-quarter of renal

Chapter 8: Electrolyte and Renal Disorders in the Critically Ill Elderly 121

Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781316676325.009
Downloaded from https://www.cambridge.org/core. The University of British Columbia Library, on 15 Oct 2018 at 00:49:09, subject to the

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316676325.009
https://www.cambridge.org/core


biopsies performed, in contrast to less than 10 percent in younger subjects [58]. The hazard
of a renal biopsy is not increased by age itself, and the quality of the specimen obtained is not
diminished [58]. In addition, the presumed clinical etiology of AKI in the elderly may be
incorrect in the majority of the cases, making the diagnostic benefit of a biopsy substantial
[59]. Therefore, renal biopsy should be considered in the elderly with AKI of unexplained
origin or unrelenting duration [58]. Renal biopsy is also advisable if there is high potential
for adverse effects related to empirical therapeutic treatment strategies and to exclude the
possibility of an unanticipated superimposed cause of AKI such as drug-induced interstitial
nephritis, which may require additional treatment [58,59].

Hemodialysis and hemofiltration therapies are the mainstay of RRT in the ICU. All
forms of RRT incur risks for iatrogenic complications, the magnitude of which may be
heightened in the elderly patient. First, each modality of RRT can result in hemodynamic
instability and arrhythmia, particularly with intermittent hemodialysis (IHD) because of its
shortened treatment time, high ultrafiltration rates, and rapid electrolyte flux. This is also
especially true in the elderly with reduced cardiovascular reserve [60]. Second, because RRT
incurs obligate nutrient loss, it can exacerbate existing nutritional deficiencies in the elderly.
Further, because RRT itself is a catabolic process, it can fuel the excess catabolism of critical
illness. Finally, all forms of RRT require central venous catheter (CVC) access, which in
combination with the immunosuppression of uremia and perhaps advanced age incurs an
increased risk of serious infection in the aged requiring acute RRT.

The mainstay of RRT in the elderly, then, is prevention of complications. Intradialytic
hemodynamic instability is to be avoided by tempering ultrafiltration (UF) rates, establish-
ing reasonable UF goals, and minimizing patient–dialysate electrolyte differentials. Careful
attention to nutritional status and repletion of dialyzable essential vitamins and nutrients, as
well as fastidious CVC care, are essential [60].

Conclusion

In summary, there are anatomic and functional renal changes that occur with aging,
predisposing the elderly to detrimental electrolyte disorders and AKI, particularly in the
critical care setting. The increased manifestation of renal dysfunction in the aged is a
consequence of the progressive loss of renal resilience with senescence. The result is a
constricted ability to maintain renal homeostasis in the face of critical illness. Enhanced
awareness of the increased risk for AKI and electrolyte disorders in the elderly permits the
implementation of preventative strategies to safeguard against their development in the
ICU. The judicious use of eGFR equations and renal biopsy enhances the recognition of
renal dysfunction in the elderly and may be useful in the early identification of potentially
reversible causes of renal injury. The management of AKI requiring RRT centers on
preventing hemodynamic instability, malnutrition, and infectious complications.
Additional health services research targeting the clinical management of the elderly in the
ICU is needed to define best practices for the prevention of adverse patient and renal
outcomes.
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Chapter

9
Trauma and Musculoskeletal
System Dysfunction in the
Critically Ill Elderly

Felix Y. Lui and Kimberly A. Davis

Key Points

• Unintentional injury was the seventh leading cause of death in the population aged
65 years and older, and geriatric trauma patients consume a disproportionate share
of healthcare costs.

• Patterns of injury differ between younger and older populations, as well as outcomes
after traumatic injury.

• Alterations in cognition, vision, reflexes, muscular strength, and proprioception lead
to increased rates of gait instability and subsequent falls, which contribute to an
increased propensity for injury.

• Falls are the leading cause of injury and injury-related mortality for individuals older
than age 75 and second only to motor vehicle collisions in those aged 65 to 74.

• Osteoporosis increases the risk of fractures and subsequent disability.
• Traumatic brain injuries (TBIs) are a significant contributor of morbidity and

mortality in the elderly.
• Cervical spinal fractures are among the top five fractures in elderly patients.
• Elderly patients who sustain rib fractures have increased ventilator days, intensive

care unit (ICU) and hospital lengths of stay, and rates of pneumonia and twice the
mortality and thoracic morbidity than their younger counterparts.

• The annual mortality of patients older than age 80 with hip fractures is up to three
times that of those without hip fractures.

• Older trauma patients have higher rates of functional impairment because of injury,
requiring rehabilitation or placement in skilled care facilities.

Introduction

The aging population of the United States, coupled with increased independence and
mobility of these individuals, makes traumatic injury of the elderly a challenging and
growing problem in healthcare. The population aged 65 and older comprised 14.5 per-
cent of the overall population in 2014, up from 13.0 percent in 2010, and it represents
the fastest-growing segment of the population [1,2]. Accordingly, in 2014, unintentional
injury was the seventh leading cause of death in the population aged 65 years and older
and resulted in almost 4 million injuries and more than 865,000 hospitalizations [3].
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Compared with younger patients, these elderly trauma patients tend to have longer
hospital stays, greater medical expenditures, and higher mortality rates [4–6]. While
accounting for one-tenth of the population, geriatric trauma patients consume
a disproportionate share of healthcare costs. One-third of healthcare expenditures for
trauma went toward trauma in the elderly [7]. Patterns of injury also differ between
younger and older populations, as well as outcomes after traumatic injury, due to
changes in function and the physiologic consequences of aging. While survival to
discharge remains high, older trauma patients have higher rates of functional impair-
ment because of injury, requiring rehabilitation or placement in skilled care facilities
[8]. Understanding these challenges enables healthcare practitioners to optimize care
and maximize functional outcomes and quality of life for this complex and growing
population.

Physiologic Changes with Aging

Amyriad of physiologic and anatomic changes occur during aging that influence patterns of
injury and the ability of the body to recover from major trauma. Pretrauma frailty, which
loosely correlates with age, has been shown to be a major predictor of posttraumatic injury
outcomes [9,10]. Diminished reserve and impaired ability to recover from complications
after injury result from the normal aging process. Understanding these changes aids in
optimizing outcomes in elderly trauma patients, as well as providing guidance in planning
of posttrauma rehabilitation and prognosis.

Neurologic function declines in aging, leading to increased rates of gait instability and
subsequent falls in the elderly population. Alterations in cognition, vision, reflexes, mus-
cular strength, and proprioception contribute to the propensity for injury. Cortical atrophy
results in greater rates of significant brain injury due to increased shear of bridging
parasagittal veins leading to subdural and subarachnoid hemorrhage. Increased mobility
of the brain within the cranial vault results in higher rates of contusion and countercoup
injury after blunt trauma.

Cardiovascular function and reserve also deteriorate over time due to both natural and
disease-related factors. Normal aging results in cardiovascular decline due to myocyte loss
with a compensatory increase in myocyte volume. The decrease in myocardial compliance
results from fat cell infiltration into the ventricular walls and septum, causing decreased
diastolic relaxation and slower filling. Decreased maximal cardiac output (due to a decrease
in maximal heart rate with preserved stroke volume) and ejection fracture are seen with
progressive aging. Loss of myocytes also leads to stiffening of large vessels, which, combined
with progressive intimal hyperplasia, increases afterload and impairs early diastolic filling.
Deterioration of the conducting system increases rates of arrhythmias in a patient popula-
tion increasingly dependent on the atrial contribution to maintain end-diastolic volume.
The increased use of beta-blockers blunts the body’s response to trauma and stress and
confounds evaluation for shock.

Calcification of costal cartilage and muscular atrophy contribute to decreased thoracic
compliance over time. Forced vital capacity and forced expiratory volume in 1 second
(FEV1) decrease with aging. Oxygen diffusion decreases due to thickening of the alveolar
basement membrane. Decreased airway sensitivity and mucociliary clearance leads to
higher susceptibility to aspiration and subsequent pneumonia.
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Aging is associated with progressive renal cortical loss with glomerulosclerosis and
tubular senescence, resulting in decreased glomerular filtration rate and impaired reabsorp-
tion and secretion of fluids and electrolytes. Renal reserve decreases, increasing the like-
lihood of acute kidney injury after trauma due to relative hypoperfusion.

Progressive loss of muscle mass and strength increases the risk of injury in the aging
population. Degeneration of myocytes and collagen, combined with cartilaginous and
ligamentous stiffening of joints, predisposes patients to accident and injury. Osteoporosis
increases the risk of fractures and subsequent disability [11].

Immunologic response to traumatic injury is blunted in the elderly population.
Impaired sympathetic response and diminished thermoregulation increase the risk of
complications after injury. Aging is associated with decreased immunologic function
secondary to decreases in T-lymphocyte response and natural killer cell activity.
An increased cytokine response occurs with aging, resulting in an increased incidence of
systemic inflammatory response syndrome [12].

Mechanisms and Patterns of Injury
In the elderly, blunt mechanisms of injury predominate. In 2015, motor vehicle collisions
(MVCs) were the most common mechanism of injury leading to hospitalization, with
greater mortality and severity of injury among patients aged 65 or older compared with
their younger counterparts [13–15]. As the population ages, the overall number of elderly
drivers and passengers will continue to increase, further adding to the growing problem of
elderly victims of motor vehicle–related injuries. Behavioral intervention and risk-
reduction strategies are encouraging tools in the prevention of these injuries but are poorly
studied [16].

Falls are the leading cause of injury and injury-related mortality for individuals over age
75 and second only to MVCs in those aged 65 to 74. Nearly 2.5 million older adults receive
treatment yearly in emergency departments for falls, and yet fewer than half of falls are
reported to medical personnel [17]. This results in over 700,000 hospital admissions
per year, including over 250,000 for hip fractures. While most falls are from ground level,
in the elderly population these are still associated with high incidences of morbidity and
mortality [18].

Management of Specific Injuries

Neurotrauma
Traumatic brain injuries (TBIs) are a significant contributor of morbidity and mortality in
the elderly. In a study by Haring et al. between 2000 and 2010, patients aged 65 to 69
accounted for 13.0 percent of all TBI-related hospitalizations, and patients older than age 85
accounted for 30.3 percent of all admissions. Overall mortality in this population was
11.4 percent over this study period [19]. Common injuries include subarachnoid, subdural,
and epidural hemorrhages. This is due to the more adherent dura, cerebral atrophy, and
cerebrovascular atherosclerosis seen during the aging process. Confounding these data are
the patients who present with intracranial bleeds prior to a traumatic injury (fall, MVC,
etc.), which may be mistriaged as TBIs. In addition to age-related physiologic and anatomic
factors, a major contributor to TBI outcomes is the use of anticoagulants in this patient
population [20]. Further confounding this issue is the rapid adoption of the use of direct
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oral anticoagulants (DOACs) in the elderly population. The inability to monitor the degree
of anticoagulation and limited options for reversal of these agents make the management of
TBI patients receiving these agents difficult. Prothrombin complex concentrate (PCC) use
for the reversal of warfarin rapidly reverses coagulopathy and decrease the progression of
intracranial hemorrhage, but reversal agents for DOACs are still under development and
poorly studied [21,22]. Idarcizumab (Praxbind) was approved in 2015 by the Food andDrug
Administration (FDA) for the reversal of dabigatran, and other agents such as andexanet
alfa show promise in reversing the effects of factor Xa inhibitors [23].

Spinal Trauma
Spine trauma is a significant contributor to morbidity and mortality in the elderly. Cervical
spinal fractures are among the top five fractures in elderly patients. Fractures in this
population are associated with a significant rate of high cervical fractures with dens
involvement. Fortunately, neurologic involvement is still infrequent [24]. Management of
these fractures in the elderly is debatable. High rates of surgical complications andmortality
with surgical treatment are weighed against the high rate of nonunion in older patients with
cervical spine injuries treated nonoperatively with rigid cervical collars [25]. Lower spinal
compression fractures are extremely common in the elderly population. Greater than one-
fourth of postmenopausal women have vertebral compression fractures due to inadequate
accumulation of bone mass in childhood and early adulthood and resorption after meno-
pause. Nonoperative management, including analgesia, bracing, and physical therapy, is
effective in the majority of cases, with surgery reserved for chronic, severe pain, instability,
or neurologic compromise [26].

Thoracic Trauma
Elderly patients are especially susceptible to pulmonary complications after blunt thoracic
trauma. Rib fractures are associated with poor outcomes. Elderly patients who sustain rib
fractures have increased ventilator days, intensive care unit (ICU) and hospital lengths of
stay, and rates of pneumonia and twice the mortality and thoracic morbidity than their
younger counterparts. Each additional rib fracture increases mortality by 19 percent and
risk of pneumonia by 27 percent [27]. Additional factors contributing to poorer outcomes
in these elderly patients include decreased physiologic reserves and preexisting comorbid-
ities but require further study [28]. Optimal pain control and pulmonary toileting are
essential to optimize outcomes in these patients. In elderly patients, use of epidural
analgesia over intravenous narcotic analgesia decreases morbidity, as well as hospital length
of stays and overall hospital costs, but may be associated with increased deep venous
thrombosis [29–31]. Frequent treatment with anticoagulants further complicates the place-
ment of epidural and paravertebral catheters for analgesia.

Abdominal Trauma
Most intra-abdominal solid-organ injuries are managed nonoperatively. Specifically, the
majority of hepatic and splenic injuries are managed with observation, with angioemboliza-
tion and surgery reserved for those with active bleeding or hemodynamic instability. Risks
of splenectomy include morbidity from laparotomy as well as the risk of postsplenectomy
sepsis, although the true risk is unknown. Initial concerns regarding advanced age (defined
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as older than age 55) being a predictor of failure in nonoperative management of splenic
injury have not borne out; therefore, advanced age should not be used as the sole determi-
nant in the decision to pursue nonoperative management [32–35]. Improved imaging and
interventional techniques have shown good results in the management of both liver and
spleen injuries without surgical exploration. However, overall mortality for patients man-
aged both operatively or nonoperatively is elevated compared with their younger counter-
parts [36]. Therefore, decision making regarding operative versus nonoperative
management of solid-organ injury is based on hemodynamic status and transfusion
requirements. Patients who are hemodynamically appropriate or respond rapidly to volume
resuscitation are appropriate candidates for a trial of nonoperative management. These
candidates require close hemodynamic monitoring, serial examinations, and hematocrit
determinations. Patient who continue to have hemodynamic instability or have ongoing
transfusion requirements should be managed surgically or with angiography and
angioembolization.

Thermal Injury
For unclear reasons, elderly patient do particularly poorly after sustaining burn injuries
[37]. The LD50 for burn size for patients older than age 65 has remained at 35 percent,
whereas gains have in made in younger patients [38,39]. This relationship appears to be
linear, however, without a clear inflection point and relates to preexisting conditions as
opposed to age alone. Likely higher rates of preexisting pulmonary disease, immobility,
and decreased pulmonary reserve contribute to this finding. Elderly patients have
longer lengths of stays and higher rates of multisystem organ failure but not infections
or sepsis. This may be explained by alterations in the inflammatory response (meta-
bolic, glycemic, immune, wound healing) in the aging population and requires
a multimodal approach [40].

Musculoskeletal Trauma
Elderly patients are at particular risk of morbidity and mortality secondary to musculoske-
letal trauma. Increased risk of falls, relative skeletal fragility, degenerative joint disease,
stress fractures, periprosthetic fractures, and pathologic fractures contribute to increased
rates and poorer outcomes. In patients older than age 80, those with hip fractures suffer up
to three times the annual mortality compared with those without hip fractures [41]. This
difference in outcomes is likely due to preexisting medical comorbidities, lower bone
mineral density, and less muscular mass.

Orthopedic injuries should be managed in the safest and most expedient manner. While
early operative fixation (<24 hours from injury) has been shown to be beneficial in younger
patients, failure to manage preexisting conditions leads to higher mortality in the elderly
population [42,43]. Medical consultation, optimization of medications, and stabilization of
medical condition prior to repair of orthopedic injuries (up to 72 hours) leads to better
outcomes with no increase in 30-day or long-term mortality, infectious complications,
myocardial infarction, or thromboembolism. Perioperative antibiotics should address cov-
erage of Staphylococcus aureus, and methicillin-resistant Staphylococcus aureus, and
Staphylococcus epidermis in institutions with high rates of colonization. Thromboembolic
prophylaxis is an area of controversy, but current American College of Chest Physicians
(ACCP) guidelines recommend use of low-molecular-weight heparin, fondaparinux, low-
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dose unfractionated heparin, a vitamin K antagonist, aspirin, or intermittent leg compres-
sion devices in the perioperative period [44]. Ultimately, risk of surgery must be weighed
against optimizing the best chance of return to pretrauma functional status and quality
of life.

Outcomes
The outcome of trauma patients is associated with the appropriate triage of patients to the
appropriate facilities that are best able to manage the complexity and severity of their
injuries. Patients younger than age 55 are at an increased risk of undertriage to appropriate
trauma centers [45–47]. A recent study reviewing the data from the National Trauma Data
Bank (NTDB) showed that elderly trauma patients who were triaged to centers that
managed a higher proportion of elderly patients had a 34 percent decrease in mortality
risk (odds ratio [OR] 0.66, 95 percent confidence interval [CI] 0.54–0.97) [48]. This
difference appears to be attributable to the ability of high elderly volume centers to salvage
elderly patients after occurrence of complications as opposed to higher initial survival after
traumatic injury [49,50].

Resuscitation Goals
Cardiovascular aging contributes to the difficulties in compensating for stress and increased
demands after shock and trauma. Diminished cardiac output with decreased maximal heart
rate, in addition to common use of antihypertensive and heart rate–controlling medica-
tions, makes the diagnosis of shock and hypoperfusion challenging in this population.
In a prospective, randomized trial of elderly hip fracture patients, early use of invasive
monitoring with pulmonary artery catheters was shown to decrease mortality rates [51].
Increased base deficit (−6 mEq/liter or less) or lactic academia (>2.2 mg/dl) has been shown
to be associated with increased mortality [52,53]. Early use of pulmonary artery catheters to
guide resuscitation to target cardiac indices or oxygen consumption may be beneficial in
optimizing outcomes, but recent intraoperative studies suggest that goal-directed resuscita-
tion appears to be less effective in elderly patients [54,55].

Contribution of Frailty to Outcome
Research involving the geriatric trauma population is difficult to interpret. There is a lack of
consensus on the definition and characteristics of geriatric trauma patients and a lack of
randomized, prospective, controlled trials examining this age group specifically. The overall
mortality rate for elderly trauma patients is approximately 15 percent [56]. This rate
increases in a linear fashion with increasing age until age 84, after which rates decline
[57]. Research does support that advanced age alone is not a predictor of poor outcomes,
and advanced age should not be used as the sole criterion for denying or limiting care [58].
Excellent outcomes are possible becausemost geriatric trauma patients return home, and up
to 85 percent will return to independent function [59,60].

The presence and severity of preexisting conditions are major determinants of outcomes
after trauma [61,62]. A combination of factors including preexisting conditions, medica-
tions, nutritional status, functional ability, and general state of health contributes to the
ability to survive and recover from traumatic injury. Up to 38 percent of geriatric trauma
patients are frail, with an increased risk of fractures and discharge to an institution.
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Increasing frailty is a risk factor for postoperative morbidity, mortality, and hospital length
of stay [63–66]. In geriatric trauma patients, preinjury frailty assessment, using one of
a number of available tools, may be a useful predictor of postinjury functional status and
mortality [67]. The Trauma-Specific Frailty Index (TSFI) uses a scale based on 50 variables
associated with poorer outcomes, has been validated in a trial of 200 patients, and is a fast
and reliable tool for use in trauma patients [68]. Routine assessment of pretrauma status
may be a useful tool in early determination of postdischarge needs and functional recovery.
While posttrauma ambulation is a significant predictor of outcomes, pretrauma ambulation
status is a predictor of long-term survivorship in the elderly with hip fractures [69]. Use of
tools such as the Geriatric Trauma Outcome Score {age + [2.5 × Injury Severity Score (ISS)]
+ 22 (if transfused packed red blood cells)} may provide a more accurate estimation of
mortality after trauma [70]. Use of these scores can assist practitioners in discussions with
families in determining treatments and goals of care and may help to identify patients in
need of early involvement of palliative care services.

While most patients do return to independent living, a significant proportion experi-
ences diminution in quality of life across multiple domains [71]. On average, elderly
patients experience the equivalent of loss of one activity of daily living (ADL) 1 year after
their injury [72]. This predisposes them to further loss of function, independence, and
death. A multidisciplinary approach is required in the management of these complex
patients. Early geriatric consultation can improve functional recovery after trauma injury
in older patients [73].

Optimal care of these patients requires not only appropriate management of their
traumatic injuries but also prevention of further injury and harm. One-third of patients
over age 65 suffer a fall annually, and one-third of those either returned to the emergency
department or died within 1 year [74,75]. Risk factors for additional falls include prior falls,
independent living, use of walking aids, depression, cognitive deficits, and use of greater
than six medications. Screening and identification of these risk factors in elderly patients
may be an opportunity for intervention to prevent further falls in the future. Targeted
educational programs addressing these factors prevent recurrent injury and falls and may
benefit long-term outcomes [76].

Special Considerations
Elderly abuse is a common and underreported cause of significant morbidity and mortality
in the elderly population. It is estimated that 10 percent of older adults are victims of abuse,
but fewer than 1 in 24 cases are ever reported to the authorities [77,78]. Abuse occurs in
many forms, including physical, sexual, emotional, psychological, neglect, and financial
exploitation. In physical abuse, the most common injuries involve blunt trauma with fists or
household objects and are reported as “falls” [79]. Injuries to the upper extremities, face, and
neck are uncommon following ground-level falls but are common in victims of elder abuse
[80]. Healthcare providers must maintain a low threshold for suspicion of elder abuse in
order to intervene early in this vulnerable population.

Palliative Care
Excellent outcomes are possible with appropriate triage, aggressive monitoring and
resuscitation, and a multidisciplinary, collaborative approach to management of these
patients. Goals of care must include optimization of functional recovery and quality of
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life, in addition to discreet morbidity and mortality rates [81,82]. Especially in this
high-risk population, reasonable discussions are necessary regarding limitations of care
and withdrawal of care but are often inadequate or missing. Use of tools such as the
TSFI and Geriatric Trauma Outcome (GTO) scores may help to identify patients in
need of early palliative care consultation and evaluation for end-of-life needs [83].
Complex issues such as the competence of patients to partake in these discussions,
surrogate decision making, minimizing suffering, and family and social dynamics all
require careful consideration and measured communication. Engaging all members of
the healthcare team including physicians, nurses, religious ministries, social workers,
rehabilitation and physical medicine services, palliative care services, and hospital ethics
committees may help to facilitate communication and decision making in difficult
cases.
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Chapter

10
Immune Response and Infections
in the Elderly

Nicole Bryan and Arif R. Sarwari

Key Points

• The study of the aging immune system is currently in its early phases, and the term
immunosenescence has been used to identify this phenomenon.

• For individuals older than age 65, infections are a major source of morbidity and
mortality.

• The innate immune system consists of neutrophils and macrophages, epithelial
barriers, natural killer cells, dendritic cells, complement proteins, and the nonspecific
defenses such as the production of mucus and antimicrobial peptides and
mucociliary function. With aging, changes in the innate immune system result in
chronic inflammation.

• The adaptive immune system consists of B and T lymphocytes, which, respectively,
affect humoral and cellular immune responses. Both show age-related decreases in
number and diversity.

• The impact of aging seems to be larger on the adaptive immune system than on the
innate immune system.

• Elderly patients frequently demonstrate diminished protection following receipt of
routine vaccinations compared with younger populations.

Introduction
With an aging global population, the geriatric patient is increasingly likely to be encoun-
tered not only in the ambulatory setting but also in the critical care units. The study of the
aging immune system is currently in its early phases, but there is some consensus on its
impact on infection, malignancy, and autoimmunity. The term immunosenescence has been
used to identify this phenomenon. Of note, it is difficult to separate a true change in immune
function from other fundamental host defenses associated with aging. These defenses
include alterations in barriers such as the skin, decreased acidity of the stomach, impair-
ment in mucociliary clearance in the airways, impaired cough reflexes, malnutrition,
changes in the urinary stream causing obstruction, and the impact of other comorbidities
such diabetes. Of these, malnutrition has the potential to have a significant impact on
immunosenescence and is not uncommon in the geriatric population.

To better understand the aging immune system, it can be subdivided into the traditional
categories of an innate (neutrophils, macrophages, etc.) and adaptive system (B and

138

Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781316676325.011
Downloaded from https://www.cambridge.org/core. The University of British Columbia Library, on 15 Oct 2018 at 00:59:26, subject to the

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781316676325.011
https://www.cambridge.org/core


T lymphocytes, immunoglobulins, etc.). While both are affected by aging, the impact seems
to be larger on the adaptive system. However, there is some impact of aging on both
neutrophil and macrophage oxidative burst and phagocytic activity.

The innate immune system, in addition to neutrophils and macrophages, consists of
our epithelial barriers, natural killer cells, dendritic cells, complement proteins, and the
nonspecific defenses such as the production of mucus and antimicrobial peptides and
mucociliary function. With aging, changes in the innate immune system result in chronic
inflammation. The adaptive immune system may be simplistically thought of as consisting
of B and T lymphocytes, which, respectively, affect humoral and cellular immune responses.
Both show age-related decreases in number and diversity.

Immunosenescence
The aging process is accompanied by a decline in numerous physiologic activities, and the
immune system is no exception. The gradual deterioration in physiologic functions is
referred to as senescence, which is derived from the Latin term senescere, meaning “to
grow old.” The term immunosenescence refers to the alterations in immune system function
that occur because of the normal biologic aging process, independent of any underlying
diseases. This process affects all facets of the immune system, including both the innate and
adaptive responses, with significant clinical implications in the development of infection,
responsiveness to vaccination, and malignancy [1].

For individuals older than age 65, infections are a major source of morbidity and
mortality. Interestingly, not all components of the immune system are adversely affected.
Specifically, the ability to mount an effective response against previously encountered
infectious organisms appears to remain intact, whereas activation of the immune system
when faced with a novel pathogen diminishes over time. Clinically, these changes may
manifest as deviations from the typical presentation of severe infection, including lack of
fever in up to 30 percent of patients [2] as well as few localizing signs, and instead present
with nonspecific symptoms including altered mental status, generalized weakness, and falls
[3]. These findings likely represent a diminished capacity to mount an inflammatory
response in response to an infection.

The decreased responsiveness of the aging immune system to novel infectious
agents also carries implications for vaccination in this population. Elderly patients
frequently demonstrate diminished protection following receipt of routine vaccinations
compared with younger populations. As a result, several different strategies have been
developed to maximize vaccine effectiveness. These include administering higher doses
[4], use of routine boosters [5], optimization of vaccine adjuvants [6], and altering the
route of administration [7]. These strategies will be discussed in detail later in this
chapter.

In addition to increased susceptibility to infection, immunosenescence has also been
associated with an increase in the incidence of cancer that is also observed with aging,
particularly between the ages 65 and 85 years. This observed increase is multifactorial in
nature and includes environmental factors (increased exposure to carcinogens over time) as
well as biologic factors, which favor a selective advantage to tumorigenic cells. In addition,
the immune system plays a key role in protection against the development of malignancy
through the process of immunosurveillance, by which the immune system identifies can-
cerous or precancerous cells and eliminates them before they cause disease. However,
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alterations in the immune response that occur with aging, particularly the adaptive immune
system, can result in tumor cells avoiding detection and the resulting immune activation [8].

Aging and Hematopoietic Stem Cell Production
Hematopoietic stem cells (HSCs) serve as the key progenitor cell from which all cellular
constituents of the immune system are derived.While they make up only 0.01 percent of the
cellular bone marrow population, they are the key to maintaining all mature components of
the immune system, including both the innate and adaptive arms. It is their ability for long-
term self-renewal as well as differentiation into multiple cell lineages that makes them
essential for maintaining an immune system comprised of relatively short-lived mature
effector cells. Studies have demonstrated that the process of aging affect both the number
and the function of HSCs. Flow cytometry studies performed in different mice strains reveal
that the HSC population may be either increased or decreased during the aging process,
with unknown genetic factors likely playing a key role. However, with regard to function,
multiple animal studies have demonstrated a marked decrease in the capacity of HSCs from
aged animals to repopulate a fully functional immune system compared with younger
animals following HSC or bone marrow transplantation. Additionally, the aging process
also affect whether a given HSC will develop along a myeloid or a lymphoid differentiation
pathway. Specifically, the myeloid pathway is favored over the lymphoid pathway, resulting
in an overall decrease in the number of B and T lymphocytes relative to the myeloid cells.
One potential explanation for these findings is a decrease in the expression of the interleukin
7 receptor (IL-7R) in older HSCs because IL-7 is key in initiating andmaintaining lymphoid
differentiation [9].

Changes in Specific Components of the Immune System

Innate Immunity
The innate immune system, which is also referred to as the ancestral part, consists of
multiple cellular and noncellular defense mechanisms. These include neutrophils, mono-
cytes/macrophages, natural killer (NK) cells, complement components, and mucosal
barriers and cytokines. Thus the impact of aging on the innate immune system is char-
acterized by complex changes of multiple individual components. Interestingly, while some
innate functions do diminish with age, others exhibit enhanced activity. These asymmetric
changes ultimately result in an overall increase in the inflammatory state and have led many
to describe the age-related changes as immune dysregulation rather than pure senescence
[10]. Neutrophils are the predominant immune cells present in the circulation, and they
provide a defense against bacterial and fungal infections. In general, they have a very short
lifespan compared with hematopoietic cells, with a half-life of only 8 to 12 hours. Their
lifespan may be extended by inflammatory cytokines such as granulocyte-macrophage
colony-stimulating factor and interferon, as well as by bacterial products such as lipopoly-
saccharide (LPS), which maximizes their killing potential. They are summoned to infection
sites by chemokines, where they use a host of mechanisms to destroy invading pathogens.
These include ingestion ofmicroorganisms through phagocytosis and subsequent killing via
generation of reactive oxygen species (ROS) as well as proteolytic enzymes [11].

The aging process significantly affect multiple facets of neutrophil function. First, the
chemotactic response becomes aberrant, likely impairing the ability of neutrophils to hone
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to a specific site of infection [12]. However, in vivo this manifests as a decreased ability to
resolve inflammation. One possible explanation for these findings is that there is diminished
chemotactic response once the neutrophil reaches the infected tissue, which results in
increased inflammation in surrounding tissues due to the lack of directional movement
[11]. In addition, neutrophils exhibit diminished phagocytic capacity with aging [10,13], as
well as impaired respiratory burst, whichmaymanifest as increased or decreased superoxide
production depending on the stimulus [10]. Finally, the ability of proinflammatory stimuli
(LPS, granulocyte colony-stimulating factors, IL-6) to extend the lifespan of neutrophils
also deteriorates with the aging process, which further impairs the ability of neutrophils to
clear invading microbial pathogens [14].

Monocytes/macrophages constitute another key component of the innate immune
system. Monocytes arise from myeloid progenitor cells and are present throughout the
circulation. They subsequently differentiate into tissue-associated macrophages, which are
present in multiple organ systems throughout the body, including brain, liver, lungs, skin,
and bones. Their functional role varies depending on the specific organ where they reside.
However, in general, they phagocytose and kill microorganisms and eliminate cellular
debris. In addition, they also secrete myriad of cytokines, which may serve to direct and
enhance the innate immune response and interact with the adaptive immune system by
serving as key antigen-presenting cells [10].

The effect of aging on the number and function of monocytes and macrophages is
varied. While there appears to be no impact on the number of circulating blood monocytes
with advanced age, there does appear to be a decrease in the number of macrophages in the
bone marrow isolated from older individuals [15,16]. With regard to the phagocytic
function of macrophages, current data are conflicting, with some studies demonstrating
a decreased phagocytic capacity with aging and others showing opposite results. These
discrepancies may be secondary to differences in the activation state of the cells, their tissue
source, or other experimental conditions [10].

Another key macrophage function that is disrupted by the aging process is antigen
presentation. Activation of the adaptive arm of the immune system relies on a complex
system of antigen recognition by either T or B lymphocytes. T-cell receptors rely on an
interaction with the major histocompatibility complex class II (MHC class II) to recognize
degraded products presented by macrophages and other antigen-presenting cells. Once
T cells are activated, they further regulate cellular and humoral immune responses, includ-
ing those which form the basis for immunologic memory. In addition, MHC class II
complexes are also the key in generating the T-cell repertoire in the thymus. With advanced
age, there is a significant decrease inMHC class II expression inmacrophages, which is most
likely secondary to decreased gene transcription following activation [17]. Given the vital
role MHC class II molecules play in activation of T lymphocytes, their decreased expression
contributes to the dysfunction of the adaptive immune system with aging.

Natural killer (NK) cells are a population of cytotoxic lymphocytes that are responsible
forMHC- independent killing of virally infected cells as well as tumor cells. They are divided
into two separate populations based on their surface marker CD56. CD56bright cells com-
prise approximately 10 percent of the circulating NK cells and function primarily in the
secretion of inflammatory cytokines, particularly interferon-gamma (IFN-γ). CD56dim cells,
in contrast, constitute up to 90 percent of circulating lymphocytes and exhibit
a predominantly cytotoxic function with minimal cytokine production. Interestingly, the
total number of NK cells increases with aging, which is unlike what is seen with other
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lymphocyte populations. However, both subpopulations do not increase at the same rate;
rather, there is a larger increase in the CD56dim population resulting in a change in the
overall ratio between CD56dim and CD56bright cells. This increase in the number of NK cells
appears to be a compensatory mechanism for declining function because decreased killing
capacity has been observed when examined on a per-cell basis [18]. In addition, cytokine
production, including IFN-γ, is also diminished by the aging process. This impaired
cytokine production is likely not overcome by increasing cell numbers and potentially
contributes to higher infection risk and mortality in elderly individuals [11,19,20].

Adaptive Immunity
The adaptive immune system consists of B and T lymphocytes. These cells are responsible
for antigen neutralization via antibody production as well as cell-mediated immunity
directed against intracellular pathogens such as viruses and neoplastic cells, respectively.
In addition, they also interact closely with the innate immune system to further hone the
inflammatory response to pathogenic invasion. Both cell types become fully mature and
activated via antigen recognition of cell surface receptors. In the case of B cells, these
receptors consist of membrane-bound immunoglobulins, which are subsequently secreted
once the cells fully mature into plasma cells. T cells, in contrast, recognize complementary
antigen-MHC complexes that exist on the surfaces of antigen-presenting cells and further
require costimulation with CD3 and other costimulatory molecules in order to become fully
activated effector cells. The aging process has a significant impact on the total number and
cellular subtypes, as well as receptor diversity, for both T and B lymphocytes. The overall
impact of these changes is a decreased ability to recognize and mount an effective immune
response. Interestingly, memory lymphocytes appear to be more resilient to the aging
process, and long-term immunity is mostly preserved [21].

Aging of T Lymphocytes. Naive T cells originate in the bone marrow and subsequently
migrate to the thymus, where they undergo further selection prior tomaturation in secondary
lymphoid tissues. The thymus is most active early in life and subsequently undergoes
a functional decline in a process termed involution [22]. The size of the thymus peaks in the
first year of life and then steadily decreases. As part of this process, the active portion of the
thymus is slowly replaced by fatty tissue, which is nearly complete by 40 to 50 years of age [23].
By age 70, only 10 percent of the thymus is involved in active replication [21].

Because of thymic involution, there is a marked decrease in the number of naive
T lymphocytes and by extension T-cell receptor (TCR) diversity. One study estimated that
between the ages of 25 and 60 years, there are 20 million different TCR β-chains compared
with only 200,000 after age 70 [24]. In addition, markedly low levels of recent thymic
emigrants were identified in centenarians when compared with young (ages 20–45 years) or
middle-aged volunteers, suggesting a marked depletion in the naive T-cell population with
advanced age [25]. This diminished naive T-cell population and TCR diversity significantly
limits the ability of elderly patients to respond to new infections, placing them at higher risk
for morbidity and mortality. In addition, it also contributes to diminished vaccine respon-
siveness in this population.

In addition to a decrease in the naive T-cell population and, by extension, TCR diversity,
the aging process also induces changes in the number and composition of the circulating
T-lymphocyte population. Studies have consistently demonstrated that there is an overall
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decline in the total T-cell population in elderly individuals, as measured by a decline in
CD3+ cells. Furthermore, longitudinal studies have shown that an inversion of the CD4:
CD8 ratio may occur over time, which is associated with increased mortality within 1 to
2 years [26].

Also, there is an emergence of a discrete subpopulation of T cells, which are CD28− cells,
that predominantly affects CD8+ cells. CD28 is a very potent costimulatory molecule
localized on the surface membrane of T lymphocytes. Activation of this receptor in the
setting of TCR recognition of a MHC-antigen complex triggers the release of IL-2, which is
key for T-cell proliferation. Furthermore, it also facilitates maturation into effector T cells,
which no longer require costimulation. The cause of the emergence of this CD28− popula-
tion remains unknown. However, it is hypothesized that this population derives from
CD28+ lymphocytes, which undergo repetitive antigenic stimulation, resulting in loss of
the CD28 receptor and entry into a quiescent state of replication [27,28]. Interestingly, this
phenomenon has been observed in other settings as well, including HIV infection, auto-
immune disorders, and following treatment with radiochemotherapies [28].

Another key phenomenon observed in aging T-cell populations is decreased production
of IL-2. As mentioned earlier, IL-2 is a key cytokine that drives the expansion of
T-lymphocyte populations as well as their differentiation. It is particularly key to mediating
the CD4 response because it is the only cytokine capable of driving cell cycle progression.
Furthermore, IL-1 is also responsible for maintaining survival in fully differentiated effector
cells because they rapidly undergo apoptosis in its absence. With aging, the ability of CD4+

T lymphocytes to produce IL-2 following stimulation of the TCR is significantly reduced.
This ultimately results in a diminished T-helper population in terms of both numbers and
functional capacity. Furthermore, because T-helper cells are the key to a robust antibody
response via stimulation of B lymphocytes, there is also a defect in the humoral response
[29,30].

Aging of B Lymphocytes. B lymphocytes originate and mature in the bone marrow, with
further affinity maturation occurring in the germinal centers of B-cell follicles before they
begin circulating in the bloodstream. They are responsible for generating humoral immu-
nity in the form of secreted immunoglobulins, and as noted earlier, they rely heavily on
interactions with T cells to fully differentiate and become activated as plasma cells.
Immature B lymphocytes express immunoglobulin on their cell surface. Following antigenic
exposure, they begin to produce secreted immunoglobulins, which initially consists of IgM,
but later switch to one of the more mature phenotypes, including IgG, IgA, or IgE, in
a process referred to as class switching. Additionally, immunoglobulins can also undergo
a process of somatic hypermutation to further improve their specificity for a given antigen
to more effectively neutralize it. The ability to recognize antigens and generate a robust
antibody response is the primary functional role of these cells.

The aging process has a significant impact on both the number of B lymphocytes
and the functional capacity to generate and secrete a diverse array of immunoglobulin.
Studies of bone marrow specimens have revealed a decrease in the number of B-cell
precursors present, thereby limiting the number of cells available to mature and secrete
immunoglobulin [31]. Interestingly, B lymphocytes also exhibit a decrease in the
number of newly generated memory cells and an increase in the number of circulating
naive cells. Furthermore, B cells isolated from elderly individuals exhibit a decreased
ability to undergo class switching from IgM to secondary isotypes, such as IgG [32].
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In addition to a decrease in class switching and conversion to memory cells, there is
a decline in the diversity of the B-lymphocyte population, as discussed with
T-lymphocytes. This decrease in the B-cell repertoire may be secondary to diminished
production of precursors in the bone marrow and is associated with a poor overall
health status in elderly individuals [33].

Memory Cells. The ability to provide long-lasting immunity to a specific pathogen is one
of the key features of the adaptive immune response. This phenomenon was observed as
early as 430 BC in Athens, where it was noted that “the sameman was never attacked twice”
with regard to a plague. It has since been demonstrated throughout the centuries with
multiple pathogens, including measles, polio, and yellow fever. Further observation also
determined that ongoing antigenic challenge is not necessary in order to maintain
protection [34]. This aspect of immunity was observed more recently during the 2009
H1N1 influenza pandemic, during which persistent antibody responses to the virus were
identified in older individuals. As discussed earlier, the ability to generate an effective
memory B or T lymphocyte from a naive cell diminishes with age. However, functional
memory cells, which were generated from antigenic exposure earlier in life, can provide
ongoing lifelong protection [35]. This observation likely explains the discrepancy between
the immune response to novel pathogens compared with that of previously encountered
organisms in individuals of advanced age.

Vaccine Implications in the Elderly
One of the most potent tools in our repertoire for prevention of infections is immuniza-
tions. However, the age-related changes in the immune system that render elderly indivi-
duals susceptible to novel pathogens also affect their responsiveness to vaccines. As a result,
different strategies are employed in an effort to maximize the protection provided by a given
vaccine, and the CDC has issued guidelines specifically for individuals over age 65. One
strategy is the use of different adjuvants. Specifically, the use of protein conjugates appears
to elicit a more robust response than polysaccharide conjugates. This strategy has been
employed in pneumococcal vaccination and provides the basis for the current CDC
recommendation for the use of the 14-valent protein-conjugated vaccine (PCV14) in
individuals age 65 and older prior to receipt of the 23-valent polysaccharide vaccine
(PPV23) [6]. Another strategy that has been employed is the use of higher-dose vaccines.
Influenza studies have demonstrated enhanced production of protective antibody after
receiving a higher-dose vaccine compared with the standard dose [36]. These findings led
to FDA approval of higher-dose influenza vaccines for older adults. Other strategies under
investigation include use of novel adjuvants [37], refining vaccine schedules [5], and
changing the routes of administration [7].
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Chapter

11
Transfusion Therapy and Common
Hematologic Problems in the
Critically Ill Elderly

Aryeh Shander, Faraz Syed and Mazyar Javidroozi

Key Points

• Physiologic changes with aging are generally expected to increase the risk of anemia
while limiting the physiologic adaptations to anemia.

• Anemia is common in elderly patients and is often multifactorial.
• Anemia is an independent risk factor for worse outcomes and should never be left

untreated.
• While transfusion is commonly considered to be the default treatment of anemic

elderly patients, it is important to consider management strategies other than
transfusion.

• Allogeneic blood transfusions have been linked to several unfavorable outcomes and
must be used only when clearly indicated.

• Several control trials have demonstrated that restrictive transfusion strategies are
associated with reduced use of blood while achieving similar or better outcomes than
liberal transfusion strategies.

• Some evidence suggests that certain patient populations (e.g., those with
cardiovascular morbidities) might face some risk when managed with restrictive
transfusion strategies, but more studies are needed.

• Despite the general assumption that elderly patients might benefit from more liberal
transfusion strategies, this notion is not supported by the available evidence.

• Other strategies including preventive measures – discussed under the concept of
patient blood management – should be considered in all critically ill elderly patients
who are anemic or at risk of becoming anemic.

Introduction
Advanced age is associated with significant changes within the hematologic and cardiovas-
cular systems (along with other organs), including how these systems interact with one
another. When it comes to the clinical manifestations of these changes and their impact on
patient outcomes, the lines often become blurred, and the clinical impact of many of the
cellular and subcellular changes that are associated with senescence remains debatable.

Aging is associated with marked changes in bone marrow cellularity. These changes are
hallmarked by a gradual reduction in the hematopoietic cell populations and associated
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cytokine levels, while the fat cell counts increase. From a cellular perspective, all populations
in the hematopoietic lineage from stem cells to more differentiated cells are affected [1].
As a result, the frequency of hematologic disorders – namely anemia – increases with aging,
while the capacity of bone marrow to respond to hematological stress – namely increased
production of red blood cells (RBCs) in response to bleeding – declines [2]. Age-related
changes affecting coagulation systems are observed in platelets as well as coagulation
factors, with a general shift toward hypercoagulability in the aged patients, which contri-
butes to an increased incidence of thrombotic events in this population [3]. It is important
to remember that these and many other changes of aging are gradual in nature and that
there is no magic age beyond which all the changes appear abruptly. Similarly, there are
many elderly patients who may not experience decline in hemoglobin levels or in other
functions of the hematologic system [4].

As with many other cancers, the prevalence of hematopoietic malignancies increases
with advanced age. This phenomenon is attributed to several factors, including an accu-
mulation of mutations in stem cells over time [5]. It has been shown that hematopoiesis
becomes increasingly “clonal” as we age, meaning that fewer populations of hematopoietic
stem cells become dominant and give rise to the bulk of blood cells produced in the bone
marrow. Clonal hematopoiesis is more common in elderly patients, and it may lead to
leukemia in some [1].

Aging affects the immune system and is associated with impairments in function
affecting both innate and adaptive immunity [6] (see Chapter 10). The clinical consequences
of these changes (collectively referred to as immunosenescence) [7] may emerge as increased
infections and infective complications. Sepsis is therefore more common in the elderly, and
it is increasingly associated with worse outcomes, including a higher risk of mortality [8].
Aging is generally recognized as a proinflammatory state, and the term inflamm-aging is
used to describe the low-grade inflammation that is often present in the aged body [9].
The consequences of this ongoing inflammation are a matter of debate, and some have
linked it with the increased frequency of other chronic diseases that are seen more fre-
quently in the elderly, from diabetes and cardiovascular problems to neurodegenerative
diseases and malignancies [7].

Aging is also associated with a gradual decline in the physiologic functional capacity of
the cardiovascular and respiratory systems (and their reserve capacity). Perfusion is tightly
controlled throughout the body to ensure a reliable supply of oxygen to the cells to meet
demands. Several aspects of the regulatory mechanisms that are in place to maintain this
balance are compromised during aging – as a direct result of the aging process itself or the
result of the presence of concurrent ailments that are more common in the elderly (e.g.,
hypertension, atherosclerosis) [10]. Furthermore, the declining reserve capacity of the
cardiovascular and respiratory systems in aging is expected to limit the adaptability of
body to changing conditions that limit supply or increase demand, increasing the risk of
becoming decompensated in situations that are normally tolerated in younger patients [11].

Widespread changes in other organs alsomay affect the hematologic system. For example,
age-related changes in the gastrointestinal system include disruption of the mucosal defense
barrier, which can lead to an increased risk of inflammation and infection. This mucosal
disruption and the ensuing inflammatory processes may interfere with absorption of nutri-
ents, causing malnutrition and potentially leading to nutritional anemia [12].

Discussion of the pathophysiologic characteristics and changes associated with aging
often leads us to the concept of frailty. While there is no standard definition for frailty, it
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generally can be described clinically as a state of increased vulnerability to acute stressors
that is a result of a progressive decline in the functional status and reserve capacities of
various physiologic systems in the body [13]. From a practical point of view, the presence of
at least three of the five criteria suggested by Fried et al. is highly suggestive of frailty in an
elderly patient: low energy, low grip strength, low physical activity, slowed walking speed,
and unintended weight loss [14].

Key Concepts

Anemia in the Elderly
The interaction between aging and the hematologic system is multidimensional and can
have far-reaching implications. Advanced age (and frailty) can increase the risk of devel-
oping anemia or worsening of this condition, while reduced reserve capacity of other
systems (and the expected impaired physiologic adaptations to anemia) [15] might lead to
increased susceptibility to hypoxia and may reduce the tolerance to anemia. Additionally,
reduced hematopoietic capacity in the elderly may delay the recovery from acute blood loss,
for example, following trauma or surgery [2].

Anemia in the elderly is often multifactorial, and etiologies include inflammation, renal
insufficiency, blood loss, nutritional deficiencies (iron, folate, vitamin B12), declined hema-
topoietic capacity, increased cell death (erythrocyte apoptosis or eryptosis), and iatrogenic
causes such as drug-induced anemia [16–19] In a substantial number of elderly patients, the
cause(s) of anemia might not be readily identified, giving rise to the term unexplained
anaemia of the elderly (UAE) or anemia of unknown etiology (AUE) in this population.
In a study from the 3rd National Health and Nutrition Examination Survey (NHNES), the
primary cause of anemia in older patients was attributed to iron deficiency in one-third of
patients and chronic renal disease or chronic inflammation in another one-third of patients,
whereas the remaining one-third of anemic patients were classified as having AUE [20].
With increasing knowledge of the causes of anemia, it might be a matter of time until the
underlying causes are identified in some of the AUE patients [18]. However, in some other
patients, AUE appears to be a distinct entity characterized by a normocytic anemia devel-
oping in the absence of nutrition deficiency, inflammation, or renal dysfunction [21].
In a large study comparing elderly patients with AUE with matched cohorts of nonanemic
and anemic individuals with determined causes, interleukin 6 (IL-6) and hepcidin were not
different, suggesting that inflammation or iron restriction was not a primary cause [22].
Reduced testosterone levels and a blunted erythropoietin response (characterized by raised
levels of erythropoietin but not raised as much as expected for the level of anemia present)
were seen more frequently in patients with AUE [22].

Anemia is more frequent in elderly populations [19]. Table 11.1 provides a summary of
the reported prevalence of anemia among various aged populations [20,23–32]. As can be
seen, there is often a trend toward increase prevalence of anemia in older populations.

Anemia in the elderly is an independent risk factor for unfavorable outcomes. It has
been linked to a decline in quality of life [33], cognitive function [29,32,34], activities of daily
living [35], mobility [36,37], and strength [37,38]. Anemia also leads to an increased risk of
physical impairments [30,31], falls [39,40], depression [41], hospitalization and nursing
home placement [42,43], frailty [30], and mortality [31,32,35,42–44]. Table 11.1 summar-
ized the negative outcomes of anemia reported in a number of studies.
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Some evidence suggests that the impact of anemia and hemoglobin levels on outcome in
the elderly patients is more complicated [21]. In a study of nonhospitalized elderly disabled
women, there was a sharp increase in the risk of 5-year mortality with declining levels of
hemoglobin. Interestingly, high hemoglobin levels were also found to be associated with
increased risk of long-term mortality (although the magnitude of the risk was far smaller
compared than that associated with lower levels of hemoglobin) [45]. Another finding in
this study was that lowest mortality rates were associated with a hemoglobin level of 14 to
14.5 g/dl, and there was a linear increase in the risk of death as hemoglobin levels decreased
from that range. The suggestion that hemoglobin decline rather than presence or absence of
anemia might be a more accurate predictor of unfavorable outcomes in the elderly is
supported by other studies [32]. The effect of critical illness as a significant risk factor for
the development of anemia [46] and anemia as a significant contributor to the worsening of
outcome further complicate the issue [17,47]. A similar association between anemia and
worse outcome can be seen in critically ill elderly patients [48].

Blood Transfusion Strategies and Outcomes
Blood transfusion has been traditionally considered to be the standard treatment for anemia
across populations including the elderly. Transfusion provides a seemingly simple and readily
available treatment to quickly raise the hemoglobin level and restore blood oxygen-carrying
capacity and hemodynamic status of the patient to avoid tissue hypoxia and ischemia.
In reality, a unit of allogeneic red blood cells (RBCs) is a complex and heterogeneous mixture
of various cells and bioactive factors, antigens, vesicles, metabolites, and mediators that could
be constantly changing [49]. Transfusion of allogeneic blood should be viewed as a live-tissue
transplantation in essence and treated with the same level of caution and scrutiny [50].

Historically, infectious risks and complications have been the leading concerns related
to allogeneic blood transfusions. Following implementation of various screening, testing,
and processing (e.g., pathogen inactivation) strategies, the risk of transmission of infections
through donated blood has been reduced to extremely low levels – typically less than
0.1 per million units of blood components for hepatitis C and B and human immunodefi-
ciency virus – in the developed nations [51]. Nonetheless, new infectious agents remain
a potential risk given the unavoidable delay between the first emergence of an infection and
the time measures to screen for it or methods to inactivate the pathogen are implemented
[52]. Despite the wide publicity and significant cost to the healthcare systems [53], the health
burden of transfusion-transmitted infections is dwarfed compared with the noninfectious
risk of blood transfusion.

Not surprisingly, many of the complications of blood transfusion are rooted in the
immunogenicity of allogeneic blood and its interactions with the immune system of the
recipient. Examples include alloimmunization [54], immunomodulation [55], febrile reactions
[56], transfusion-related acute lung injury (TRALI) [57], and graft-versus-host disease
(GVHD) [58].

Ex vivo storage and processing of donated blood units and the changes that occur during
storage (storage lesion) are other mechanisms that have been suggested for the negative
effects of blood transfusion [59,60]. Nonetheless, clinical trials to date have not been able to
demonstrate a clear superiority for the transfusion of fresh blood units versus aged blood
units (but still within the accepted shelf life of the component) in terms of improved clinical
outcomes [61,62].
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The number of studies linking allogeneic blood transfusions with unfavorable clinical
outcomes including multiorgan dysfunction, cardiac complications, thromboembolic
events, respiratory distress and failure, prolonged ventilator dependency, stroke, renal
injury, sepsis and infection, mortality, and prolonged hospital stay in various patient
population has been growing continuously [63,64]. This has given rise to efforts to restrict
the use of blood transfusion and limit it only to patients in whom it is clearly indicated.

In their landmark study (Transfusion Requirements in Critical Care [TRICC] trial),
Hebert et al. randomized anemic critically ill patients to a restrictive transfusion strategy
(transfusing when hemoglobin fell below 7 g/dl to maintain hemoglobin between 7 and
9 g/dl) versus a liberal transfusion strategy (transfusing when hemoglobin fell below 10 g/dl
to maintain it between 10 and 12 g/dl) [65]. They reported that the restrictive transfusion
strategy was associated with reduced mortality compared with a liberal transfusion strategy
among patients who were less acutely ill and those who were younger than 55 years of age,
while there was a nonsignificant trend toward increased mortality risk among patients with
acute cardiac ischemia and infarction [65]. Given that the survival benefits of restricting
transfusions was clearly seen in younger patients, one must ask whether there is a potential
for harm from restrictive transfusion strategies to elderly critically ill patients.

The results of the TRICC trial have been largely corroborated by trials conducted since
then. Ameta-analysis of data from over 3,700 participants in 17 clinical trials concluded that
a restrictive transfusion strategy can achieve a 37 percent reduction in the risk of being
transfused and a 0.75 unit smaller amount of blood being transfused on average per patient.
Analysis of the pooled data indicated that using a restrictive transfusion strategy was
associated with a significant reduction in the risk of infection [66]. In another meta-
analysis of published data from over 6,200 participants in 19 clinical trials, restrictive
transfusion strategy was found to be associated with a 30 percent reduction in transfusion
rate and 1.19 absolute reduction in the number of units transfused, in addition to reducing
the risk of in-hospital mortality rates (relative risk [RR] 0.77, 95 percent confidence interval
[CI] 0.62–0.95) [67].

Holst et al. evaluated data from 31 trials in patients undergoing cardiovascular surgery
and concluded that adhering to a restrictive transfusion strategy (hemoglobin threshold of
7 to 9 g/dl or hematocrit level of 24–25 percent depending on the study) compared with
a less restrictive transfusion strategy (hemoglobin threshold of 8 to 10 g/dl or hematocrit of
30–32 percent) was associated with a significant reduction in transfusion use, while there
was no statistically significant impact on the risk of myocardial infarction, stroke, renal
failure, or mortality [68].

Among 1,000 patients with septic shock and a hemoglobin level of 9 g/dl or less in the
intensive care unit (ICU) who were randomized to receive 1 unit of RBCs when hemoglobin
was below 7 g/dl (lower threshold) or 9 g/dl (higher threshold), 90-day mortality, ischemic
events, and the need for life support were similar [69]. In post hoc analyses of subgroups of
patients with chronic lung disease, hematologic malignancy, metastatic cancers, or post-
operative patients, no survival benefit was observed for transfusion at higher versus lower
hemoglobin thresholds [70]. Long-term follow-up of these patients did not reveal any
significant differences in mortality and health-related quality of life between the study
arms [71].

Another group looked at the impact of transfusion strategies on risk of mortality in adult
patients undergoing surgeries and critically-ill adult patients and concluded that a liberal
transfusion strategy may improve survival in patients undergoing surgery but not in the
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critically ill [72]. It should be noted that the reported survival benefit of transfusion in this
meta-analysis was heavily influenced by two studies that have faced methodologic criticism
[73,74].

Ripolles et al. analyzed the data from six trials with a total of 2,156 patients,
focusing on critically ill patients and those admitted with acute coronary syndrome,
and they observed a trend toward less mortality among the critically ill patients
randomized to restrictive transfusion strategies (RR 0.86, 95% CI 0.73–1.01) [75].
Recently, Carson et al. reviewed the data from over 12,500 participants in 31 clinical
trials comparing restrictive transfusion triggers (usually hemoglobin 7–8 g/dl) with
liberal transfusion triggers (hemoglobin 9–10 g/dl) [76]. Use of restrictive transfusion
triggers was associated with 43 percent reduction in transfusion rates, whereas there
was no negative impact on 30-day mortality or morbidity [76]. The authors concluded
that while more studies are needed in particular patient populations such as those with
acute coronary syndrome, acute neurologic disorders, stroke, cancers (including hema-
tologic malignancies), and bone marrow failure, the available evidence supports the
notion that allogeneic blood transfusions are generally not needed in patients with
hemoglobin levels greater than 7–8 g/dl [76]. The authors did not specifically address
elderly patients in their analysis. However, it is expected that with the higher pre-
valence of the comorbidities in the elderly, more research is needed in this specific
population.

The impact of the presence of cardiovascular comorbidities on the outcomes of transfu-
sion strategies was specifically addressed by a meta-analysis of 11 trials on over 3,000
patients undergoing noncardiac surgery [77]. Overall pooled risk of 30-day mortality was
not statistically significantly different between the restrictive and liberal transfusion strate-
gies, whereas restrictive transfusion strategy (based on a hemoglobin threshold of 8 g/dl or
less) was associated with an increased risk of acute coronary syndrome (pooled risk ratio
1.78; 95% CI 1.18–2.70) [77]. In their subgroup analysis of data from trials on patients with
acute myocardial infarction, Ripolles et al. reported a nonsignificant trend toward
increased risk of mortality in patients assigned to restrictive transfusion strategies (RR
3.85, 95% CI 0.82–18.0) [75].

In a study on 2,003 patients with a hemoglobin concentration of less than 9 g/dl
following cardiac surgery who were randomized to a liberal transfusion strategy (based
on a postoperative hemoglobin threshold of less than 9 g/dl) or restrictive transfusion
strategy (based on a hemoglobin threshold of less than 7.5 g/dl), the restrictive transfusion
strategy was associated with significant reductions in resource use and costs without
negatively affecting the primary composite outcome of any serious infection or ischemic
events within the 3-month period following surgery [78]. However, all-cause mortality rates
were higher in the restrictive transfusion arm (4.2 percent versus 2.6 percent in liberal
transfusion group; hazards ratio [HR] 1.64, 95% CI 1.00–2.67). This observation led the
investigators to refrain from recommending restrictive transfusion strategies without any
reservations for patients following cardiac surgery, and they called for additional studies
and meta-analyses of the data from existing studies in this population [78].

Hovaguimian et al. have recently published a meta-analysis of data from trials compar-
ing liberal and restrictive transfusion strategies in which they pooled and analyzed data
from trials within four predefined context-specific subgroups: patients undergoing cardio-
vascular surgery (3,323 patients from eight trials), elderly patients undergoing orthopedic
surgery (3,777 patients from nine trials), medical or surgical acute care patients (emergency
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or critical care unit; 4,129 patents from 10 trials), and patients with acute brain trauma on
intracranial bleeding (244 patients from two trials) [79]. The authors concluded that based
on their analysis, there was a possibility that restrictive transfusion strategies in patients
undergoing cardiovascular surgery were associated with an increased risk of complications
related to inadequate oxygen supply (RR 1.09, 95% CI 0.97–1.22) and early mortality (RR
1.39, 95% CI 0.95–2.04). However, no such association was reported in critically ill patients
or those with acute cerebral bleeding [79].

While controlled, randomized trials (and the meta-analyses that pool the results from
several trials) are generally considered to provide the highest grade of evidence on the safety
and efficacy of medical treatments, including transfusions, it is important to recognize the
limitation of these studies. There is often the possibility of issues related to outcome-specific
risk adjustment in trials (and meta-analyses that draw on them). Reported associations
between restrictive transfusion strategies and increased risk of ischemic cardiac events often
lack adequate assessment and analysis for the potential role of baseline risk factors for their
outcomes. Additionally, clinical trials of transfusion strategies often focus on transfusions
performed in a prespecified time period during the course of care and might overlook any
transfusions given outside that window. As such, a patient who was assigned to the
restrictive transfusion arm of a study focusing on the postoperative period might still
have receive liberal transfusions before or during the surgery, confounding the observed
association between the outcomes and transfusion strategies. The same issues can persist
and even propagate when data from large trials suffering from these issues is pooled inmeta-
analyses [80].

Based on the available evidence, a transfusion hemoglobin threshold of 7 to 8 g/dl
appears to be safe and reasonable for most critically ill patients and in the absence of other
indications of transfusion (e.g., symptoms of hypoxia). However, extra caution might be
warranted in the presence of certain comorbidities such as ischemic cardiac disease and
brain injury, andmore studies are needed in these patient populations [81]. This approach is
rather based on an abundance of caution and not necessarily supported by available
evidence. Hence alternative treatment options (primarily and prevention and treatment
of anemia) should be considered whenever possible (see below) [82].

Blood Transfusion in the Elderly
A recurring theme in retrospective transfusion studies is the observation that transfused
patients are generally significantly older that their nontransfused peers. When it comes to
transfusion decisions, factors most commonly considered by clinicians include the hemo-
globin level, comorbidities, and age [83]. Nonetheless, the underlying evidence to support
the idea that advanced age, in absence of other comorbidities, is an independent factor that
makes the patient more in need of transfusion (or more liberal transfusion strategies) is
generally lacking. While elderly patients are among the largest patient populations across
various hospital wards and outpatient clinics, the number of studies specifically addressing
transfusion in this population is very limited.

Wu et al. conducted a retrospective review of data from approximately 79,000 patients
hospitalized with acute myocardial infarction aged 65 years or older [84]. As expected, they
observed that lower hemoglobin levels at the time of admission were associated with
increased risk of mortality within 30 days. The impact of transfusion onmortality depended
on the hemoglobin level: transfusion was associated with a reduced risk of mortality within
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30 days in patients who had lower hemoglobin levels at admission (odds ratio [OR] 0.22,
95% CI 0.11–0.45 in patients with hematocrit levels of 5 to 24 percent and OR 0.69, 95% CI
0.53–0.89 in those with admission hematocrit levels of 30.1 to 33 percent) [84]. However,
the conclusion that elderly patients with acute coronary artery disease may benefit from
transfusion at hematocrit levels as high as 30 percent (or 33 percent on admission) was
inconclusive and challenged by others [85].

In a smaller cohort study on 919 elderly patients undergoing surgery for hip fracture,
one-third of the patients were transfused during hospital stay [86]. Although transfusion
did not affect survival up to 6 months following admission, the risk of infection (of chest,
urinary tract, or wound) was significantly higher in transfused patients (hazard ratio [HR]
1.91, 95% CI 1.41–2.59), and transfused patients had significantly longer duration of stay in
hospital compared with patients who were not transfused [86]. The association between
restrictive transfusion strategies and reduced risk of infection in hospitalized patients has
been confirmed in a meta-analysis of 21 randomized, controlled trials (risk ratio [RR] 0.82,
95% CI 0.72–0.95) [87].

Gregersen et al. studied the association between transfusion strategies and various out-
comes in 157 patients 65 years of age or older who underwent surgery for hip fracture [88].
They randomized patients to transfusion strategies based on a hemoglobin threshold of less
than 9.7 g/dl (restrictive) or less than 11.3 g/dl (liberal) during the 30-day period following
surgery. No significant differences were detected between the study groups with regard to
overall quality of life (QoL) a month or a year later. However, the authors reported improved
recovery of activities of daily living (ADLs) in patients randomized to their liberal transfusion
strategy [88]. In a related study including 284 elderly patients following hip fracture surgery,
despite the similarity of measures of ADLs, patients randomized to restrictive transfusion
strategy had increased mortality at 30 days (HR 2.4, 95 percent CI 1.1–5.2) and 90 days (only
among nursing home residents; HR 2.0, 95%CI 1.1–5.2) [89]. Subsequent analysis of the same
group of patients indicated that there was no significant difference in the infection rates
among patients randomized to liberal versus restrictive transfusion strategies (66 versus
72 percent, respectively; RR 1.08, 95% CI 0.93–1.27) [90]. While these related studies suggest
that liberal transfusion strategies might offer some advantages over restrictive transfusion
strategies in elderly patients, it must be emphasized that the restrictive transfusion strategy
used in these studies was based on a hemoglobin threshold of 9.7 g/dl, which is in the ballpark
of liberal hemoglobin thresholds in most other studies. In other words, what is being
compared in these studies might be more appropriately labeled “liberal” and “more liberal”
transfusion strategies, which resulted in almost 9 of every 10 patients being transfused
regardless of study arm allocation [88–90].

In a clinical trial to study the impact of liberal blood transfusion on recovery in elderly
patients undergoing surgery for hip fracture, Carson et al. randomized over 2,000 patients
50 years of age or older (mean age 81 years of age) to either a restrictive transfusion
strategy (hemoglobin threshold < 8 g/dl or when symptoms of anemia were present) or
a liberal transfusion strategy (hemoglobin threshold 10 g/dl) [91]. Almost all patients in
the liberal arm were transfused (median of 2 units of RBCs), whereas 41 percent of
patients in the restrictive arm received transfusions. The primary outcome of death or
inability to walk unassisted across a room on 60-day follow-up occurred in 35.2
and 34.7 percent of the patients in the liberal and restrictive strategy arms, respectively
(OR 1.01; 95% CI 0.84–1.22). There was no significant difference in the occurrence of
other complications between the study arms [91].
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In the meta-analysis by Hovaguimian et al. [79], elderly orthopedic surgery was one of
the four context-specific subgroups. Of note, over half the patients whose data were
pooled were from the trial by Carson et al. discussed earlier [91]. Based on their pooled
data analysis, they concluded that restrictive transfusion strategies were associated
with an increased risk of events reflective of inadequate oxygen supply (RR 1.41, 95%
CI 1.03–1.92). However, there was no increase in the risk of early mortality (RR 1.09, 95%
CI 0.80–1.49). In contrast, elderly patients assigned to restrictive transfusion strategies
were less likely to suffer infectious complications (RR 0.75, 95% CI 0.53–1.04) [79].

With limited evidence available on the impact of transfusion strategies on outcomes of
elderly patients (and even more limited evidence from critically ill elderly patients), it is
difficult to make transfusion recommendations specific to this population. While advanced
age remains a traditional factor to consider when making transfusion decisions [83], the
actual clinical implication of age with regard to transfusion requirements is not clearly
defined yet, and it remains to be established whether older age can independently justify
more liberal transfusion strategies. Until then, a hemoglobin threshold of 7 to 8 g/dl for
transfusion of blood can be considered for these patients in the absence of other indications
of transfusion [21,81]. The presence of comorbidities – which tend to more be prevalent at
older age – is a distinct consideration that might justify transfusion at higher hemoglobin
thresholds, while more studies are needed to better define the optimal transfusion strategies
in these patients. In the meanwhile, currently available transfusion guidelines, including
those specifically addressing transfusion in critically ill patients, can be applied in the
critically ill elderly patients [92–101] (Table 11.2).

Thinking beyond Transfusions
The ongoing heated debates over various transfusion strategies and their impact on out-
comes should not divert our attention from the key notion that a blood transfusion is more
often than not just a reactive and desperate measure to temporarily and hastily control and
ameliorate a low hemoglobin level and avoid tissue hypoxia. However, barring the acute
catastrophes such as massive blood loss, it is easy to overlook the underlying processes that
often take place over time and gradually push a patient to a state where a blood transfusion
becomes the only viable option. As such, a blood transfusion in many cases can be viewed as
a “management failure” that deserves a complete failure mode and effects analysis
(FMEA) [102].

Recognition of modifiable risk factors of transfusion is the key. Anemia is among the
leading risk factors for blood transfusion across populations, and thus anemia must be
addressed [103, 104] As discussed previously, the prevalence of anemia increases with age.
There are ample publications on strategies to detect, diagnose, and determine the type,
cause(s), and proper management of anemia [17,47,105–107]. Figure 11.1 provides an
algorithm to diagnose and treat anemia that is generalizable to the elderly and elderly
critically ill as well [17].

There has been a shift away from focus on the use of blood components and transfusions
toward an emphasis on patient outcomes and measures to improve them. This notion is
central to the concept of patient blood management (PBM). PBM is defined as the timely
application of evidence-based medical and surgical concepts designed to maintain hemo-
globin concentration, optimize hemostasis, and minimize blood loss in an effort to improve
patient outcomes [82, 108, 109]. Various modalities under a comprehensive PBM strategy
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can be considered in all elderly patients, including those who are critically ill.
Examples include various treatments for anemia tailored to the patient’s specific etiologies
and minimization of blood loss due to iatrogenic causes and diagnostic phlebotomy [110].
These and other similar PBM approaches are particularly important in the critically ill
patient given the high incidence of hospital-acquired anemia and its negative conse-
quences – including increased risk of transfusion – in this vulnerable patient population
[111–113].

No

Serum creatinine
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Evaluation necessary

Iron status?

TSAT > 20%TSAT < 20%

Normal

Anemia of
inflammation

Hematological
malignancy

Refer to
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Iron deficiency
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nephrologist
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Hbb < 13 g dl–1 for males

Yes

No action required

Figure 11.1 General algorithm for detection, diagnosis, and treatment of anemia. (Source: Modified from Shander
et al. [17].)
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Availability and Application of Clinical Guidelines for Very Old
Patients
No specific guidelines for timing and use of transfusion or BPM are currently available for
patients over 80 years of age. While substantial variations in practice exist and some
clinicians may advocate a more liberal transfusion strategy in very old patients out of an
abundance of caution, this is not based on objective evidence. Further research is needed in
this very specific and growing patient population to better define the risks of anemia and
transfusion and indications for allogeneic blood as well as other PBM modalities.
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Chapter

12
Stress Response to Surgery in the
Elderly

Nazish K. Hashmi and Mihai V. Podgoreanu

Key Points

• Major surgery is a global healthcare burden and is further compounded by
unprecedented population aging, a major risk factor for perioperative organ injury
and poor long-term outcomes.

• Surgical trauma triggers a robust stress response, the characteristics of which are
generally altered with aging, becoming the primary mechanism driving further
injury and perioperative organ dysfunction in older adults.

• A new field of geroscience has identified seven pillars of aging that distinguish the key
processes to understanding and treating biologic aging, principal among which is
adaptation to stress.

• With aging, the allostatic response becomes impaired, and there may be an
exaggerated or inadequate peak response, as well as a sluggish return to baseline.

• Aging increases vulnerability to surgical stress, ischemia-reperfusion injury, and
critical illness that is related to decreases in physical resilience characterized by
immunosenescence, loss of mitochondrial function and nutrient sensing, and
impaired recovery following surgical stressors.

• Increasing evidence suggests that prehabilitation, healthy diet, nutrition, and exercise
for seniors in anticipation of surgical stressors are effective interventions to promote
physical resilience.

• Provocative tests or biomarkers to predict increased vulnerability or, conversely,
physical resilience are poorly developed, and our understanding of which patient
subgroups may experience substantial benefit from interventions remains limited.
Furthermore, pharmacologic resilience enhancers or boosters are currently not
available.

• The influence of age as a modifier of subsequent insults and “second hits” (e.g.,
postoperative infection) and its impact on outcome trajectories are extremely
complex. The intestinal microbiota decreases in abundance and function following
surgical trauma, and a virulent and resistant pathobiome emerges, rendering the
stressed host more vulnerable to infection.

• Postoperative pain trajectories differ by age and are amenable to interventions aimed
at elderly patients.
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Major Surgery in an Aging Population: A Global Healthcare
Burden
The life expectancy for the US population in 2014 had increased to 78.8 years as death rates
declined for children and young adults [1]. The number of adults aged 65 or older was
estimated to be 46.2 million, which is 28 percent (or 10 million) more than in 2004 [2]. This
number is expected to grow from 13 percent of the total population to over 20 percent in
2030, with adults older than age 85 expected to triple in the next four decades to 19 million
[3]. Major surgery is a global healthcare burden, with around 244 million procedures
performed annually, up to 4 percent of patients suffering perioperative deaths, up to
15 percent having serious postoperative morbidity, and 5 to 15 percent being readmitted
within 30 days [4,5].

The implication of an aging population in the perioperative setting is obvious: the
elderly comprises more than 40 percent of all surgical patients in the United States [6].
With the growing popularity of transcatheter aortic valve replacement (TAVR) and other
minimally invasive procedures for malignancies, we can only expect to see a further increase
in the number of elderly surgical patients. Among the very elderly, there is a threefold
increased risk of death, including anesthesia-related deaths [7]; more than 40 percent will
experience significant postoperative complications requiring extended intensive care unit
(ICU) stays [8,9], with over 50 percent of patients older than age 65 [10] and 22 percent
older than age 85 [11] receiving ICU care; and there will be an exponential increase in the
use of state-of-the-art life support technologies. In octogenarians, planned surgical admis-
sions to the ICU are associated with 12 and 25 percent ICU and hospital mortality,
respectively. However, unplanned surgical admissions to the ICU are associated with
a higher 1-year mortality of 67 percent [12]. Even more important, many elderly ICU
survivors continue to display excess mortality and a high incidence of post-ICU syndrome
following hospital discharge [11,13,14] such that only one-quarter of patients aged 80 and
older return to their baseline level of physical function at 1 year [15].

General Characteristics of the Surgical Stress Response
The systemic host response to major surgery can be conceptualized as an acute “controlled
trauma.” It is an evolutionarily conserved, complex series of neuroendocrine, metabolic,
coagulation, inflammatory, and immune system events that maximize an organism’s ability
to heal. This stereotyped multilevel stress response is modified by two categories of
influences: host (endogenous) factors, such as age, gender, prior health status, and the
genome, and procedural (exogenous) factors, including type, duration, and invasiveness of
surgery, anesthetic management, fluid administration, and need for extracorporeal circula-
tion and perioperative analgesia. The interactions between endogenous and exogenous
factors ultimately contribute to variability in postoperative outcomes and recovery trajec-
tories [16–21] (Figure 12.1). As it will be discussed in greater detail in this chapter, aging is
a particular concern because many older surgical patients present with multiple comorbid-
ities, are frail, and have decreased reserves and resilience to cope with surgical stress
[22–24].

Classically described by Sir David Cuthbertson, the immune, inflammatory, and meta-
bolic responses to traumatic injury characteristically display three distinct phases – ebb,
flow, and recuperation – which were subsequently extrapolated to surgery and the
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perioperative setting [19,25,26]. During the ebb phase, an intense vasoconstrictive response
shunts blood and substrate toward vital organs, geared toward the organism’s survival by
reducing posttraumatic energy depletion. This leads to the flow phase, a hypermetabolic
state accompanied by increases in physiologic parameters such as cardiac output, minute
ventilation, and oxygen consumption, aimed at providing substrate and energy for repara-
tive mechanisms. As recovery occurs, the recuperation phase of the stress response aims to
downregulate previously revved-up physiologic processes and return the organism to its
preinjury state [17].

It is now appreciated that early drivers of the surgical stress response are sterile local tissue
injury, inflammation, afferent nerve cell stimuli, neuroendocrine responses, and endothelial
dysfunction, leading to a succession of rapidly cascading events from a local to a systemic
phenomenon [27] (Figure 12.2). Damage signals generated from local tissue injury are
detected by pattern-recognition receptors on resident and nonresident immune cells, result-
ing in activation of effector systems, including key proinflammatory cytokines, complex
interactions with complement, and acute coagulopathy and hyperfibrinolysis. The primary
goal of the acute immune response is wound healing and prevention of pathogen invasion
through a restorative process that involves coagulation, inflammation, proliferation, and
remodeling. Each phase of repair is complexly orchestrated by immune cells, cytokines,
chemokines, changes in gene transcription, and posttranslational modifications.

At the same time, local tissue trauma with peripheral nerve injury, activation of
nociceptors, and pain during major surgery induce afferent mediators and
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factors. (Source: Modified from Podgoreanu et al. [11].)
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neurotransmitters to the spinal cord and central nervous system (CNS), activating the
hypothalamic-pituitary-adrenal (HPA) axis and the nucleus tractus solitarius and ulti-
mately exacerbating the stressed clinical phenotype in surgical patients through release of
stress hormones, altered circadian entrainment, and neuroinflammation. The magnitude of
the systemic response is proportional to the degree of surgical insult, with cardiac surgery
being an extreme example where the consequences of surgical trauma are compounded by
ischemia-reperfusion and physiologic responses to cardiopulmonary bypass [27]. While
normally self-limiting and resolving, the stress response to surgical injury can in some
instances “overshoot” and exceed the body’s internal tolerances, becoming the primary
mechanism driving further perioperative organ injury such as cognitive and cardiac dys-
function, endothelial activation, vascular instability, systemic inflammation, coagulopathy,
and possibly immunosuppression with increased risk of infection [26–28].

In surgical patients, acute sterile stressors are often followed by secondary insults that
may be either sterile or pathogen induced (such as postoperative infection). Consequently,
the so-called two-hit model of inflammatory insult has become the commonly accepted
paradigm for stressful injury. The components of host response from the initial surgical
insult are more clearly defined than those resulting from secondary events. What has
become clear is that the cognate signals from either sterile surgical injury or pathogen-
induced sources converge on the same recognition/response pathways. Interestingly, while
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host responses to the initial sterile hit of surgery are modified primarily by the magnitude of
the insult and patient-specific (endogenous) factors, including age, exogenous factors such as
postoperative management and pathogen virulence more prominently influence the overall
responsiveness to secondary insults [29].

Aging Modifies the Host Response to Surgical Injury

Inflammation and Immune System
There is increasing evidence that specific cellular and molecular changes are direct con-
tributors to all manifestations of aging, including altered responses to surgical stress.
A dizzying composite of phenotypes of aging include changes in mitochondrial, nuclear,
and ribosomal DNA; genomic and chromatin instability; increasing levels of oxidative stress
(particularly mitochondrial damage); increasing systemic inflammation, paradoxically con-
comitant with declining immunocompetence; increasing glycation of proteins, which
potentiates inflammation; increasing cellular senescence and loss of telomeres; dysregula-
tion of apoptosis (programmed cell death is over- or underrecruited); impaired protein
turnover and reduced removal of damaged and glycated proteins (impaired autophagy);
endocrine dyscrasia; and altered stem cell repair and rejuvenation [30].

The relationship between age-related immune competence and confounding illness is
more complex than commonly appreciated [31,32]. Epidemiologic data suggest that aging
centrally involves changes in both innate and adaptive immunity (in the direction of
declining adaptive immunity and compensatory upregulation of innate immunity), com-
bined with increasing systemic inflammation. This proinflammatory heightened innate
immune responsiveness in older subjects [33], often in the absence of an inflammatory
threat – dubbed inflamm-aging – is characteristically more systemic, chronic, and often
asymptomatic [30]. The aging population exhibits increased cytokine markers of low-grade
inflammation (e.g., interleukin 6 [IL-6]), and this is associated with increased risk for the
development of both infection [34] and other stressful events [35]. Elderly subjects chal-
lenged with lipopolysaccharides (LPS) also exhibit a more prolonged febrile response and
hypotension [33,36,37] and have prolonged and enhanced cytokine responses during
pneumococcal pneumonia [38]. Recently, inflammasome activation has also been mechan-
istically implicated in inflamm-aging [39]. As a component of the innate immune system,
inflammasomes are intracellular structures triggered by the presence of pathogens or
cellular stress and are responsible for the maturation of inflammatory cytokines IL-1β
and IL-18. Specifically, in individuals 85 years of age and older, elevated and persistent
expression of particular inflammasome gene modules correlates with the occurrence of
hypertension, arterial stiffness, chronic increases in levels of inflammatory cytokines,
metabolic dysfunction, oxidative stress, and all-cause mortality [39]. Although some the-
ories of aging suggest that innate immune response capacity is sustained, at least in part, by
the accumulated influences of noxious challenges, such as oxidative stress [40], there may be
other interacting factors that promote proinflammatory competence during aging. For
instance, the diminution of autonomic variability, in particular of vagal activity, that
accompanies advancing age [41] may promote enhanced tumor necrosis factor α (TNF-α)
activity during initial stress. By contrast, physical conditioning enhances parasympathetic
system signaling and provides a survival advantage to physically fit elderly patients during
acute inflammatory stress by attenuating cytokine excesses [29]. Furthermore, age-related
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imbalances in the composition of gut microbes (the gut microbiome) appear to drive
increased intestinal permeability, age-associated inflammation, and decreased macrophage
function [42]. With increasing evidence supporting the central role of the microbiome and
dysbiosis in outcomes and recovery following surgical stress, sepsis, and critical illness [43],
the implications of aging in increasing translocation of microbial pathogens from the
intestine to the systemic circulation following shock, ischemia-reperfusion, and hemor-
rhage cannot be overemphasized [44]. In this regard, the main goal of early enteral nutrition
in the postoperative course and critical illness is to promote nonnutritional benefits such as
gut integrity and modulation of immunity (immunonutrition) and only later on to address
maintenance of lean muscle mass and avoidance of malnutrition. Given our better under-
standing of the gut microbiome and its implications for surgical stress response and out-
comes, the role of perioperative probiotics and other acute nutritional interventions (such
as fecal transplantation) to help preserve of restore beneficial intestinal microbial commu-
nities is an active area of investigation [44,45]. Meta-analyses found an approximately
40 percent reduction in operative site infections and postoperative sepsis with systematic
probiotic use, as well as a consistent reduction in the incidence of multiple-organ-
dysfunction syndrome after trauma, but convincing evidence for their therapeutic efficacy
is lacking [46].

The process of immunosenescence, or age-related defects in the human immune system,
appears to affect principally the adaptive immune response [32,33]. There is a gradual loss of
T-cell repertoire from naive CD8 T cells and a reduced response to neoantigens in elderly
subjects. Concomitantly, there is a gradual shift from a type 1 cytokine response (IL-2,
interferon-gamma [IFN-γ], and TNF-α) toward a type 2 response (IL-4, IL-6, IL-10, and IL-
15) that further impairs cell-mediated immunity [29]. The net result is reduced pathogen
recognition, chemotaxis, and phagocytosis with an inadequate T-cell antibody response and
cytotoxicity.

Two recent studies shed some new light on the role of immune responsiveness in
predicting recovery after surgery. By cataloging the detailed phenotypic and functional
immune responses to surgical trauma in individual immune cell types using mass cytometry,
Gaudilliere et al. identified a uniform surgical immune signature as well as novel predictors of
specific aspects of surgical recovery such as functional impairment and pain [47]. Specifically,
cell signaling responses, but not cell counts, were linked to recovery. Furthermore, the
correlated signaling responses occurred most notably in CD14+ monocytes and dendritic
cells, with signaling induced by toll-like receptor 4 (TLR4) activation demonstrating a very
strong predictive ability for individual postoperative recovery trajectories. In a follow-up
study from the same group, the authors demonstrated that the preoperative “immune
phenotype” of individual patients, assessed in vitro as the strength of LPS-induced signaling in
CD14+monocytes in samples collected before surgery, also predicts the speed of postoperative
recovery in some domains [48].

Coagulation System
An increasingly procoagulant and prothrombotic milieu arises with aging. Surgical tissue
injury results in the release of tissue factor (TF), which, in turn, results in activation of the
coagulation cascade via the extrinsic pathway. This leads to clot formation via thrombin
generation and fibrin deposition. Uncontrolled activation of tissue factor can result in
perioperative coagulopathy [49] There is an age-related increase in plasma concentrations
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of many coagulation factors. An element of this heightened procoagulant status may reflect
the ongoing inflammatory processes mentioned earlier, given some markers, notably factor
VIII and fibrinogen. The hemostasis factor affected most by age is the increase in von
Willebrand factor. Furthermore, thrombin generation and platelet activation both increase
with aging [50]. Increased platelet activation results in upregulation of specific binding to
leukocytes that promote a proinflammatory state and inhibit resolution of inflammation.
Thus in older people there is an increase in platelet P-selectin expression, proinflammatory
leukocyte phenotypes, and platelet-leukocyte interactions [51] that have significant influ-
ences in mediating organ injury following surgical stress. This increase in leukocytes bound
to platelets has been attributed to a decrease in the biologic activity of nitric oxide and cyclic
guanosine monophosphate (cGMP) in platelets [52]. Plasminogen activator inhibitor 1
(PAI-1) is a principal inhibitor of fibrinolysis and is induced in thrombotic, fibrotic, and
cardiovascular diseases, which, in turn, primarily afflict the older population. PAI-1 expres-
sion is elevated in aged individuals and is significantly upregulated in a variety of pathol-
ogies associated with the process of aging, including myocardial and cerebral infarction,
atherosclerosis, cardiac and lung fibrosis, metabolic syndromes, cancer, and inflammatory
responses. Thus PAI-1 may play a critical role in the development of aging-associated
pathologic changes. Intriguingly, PAI-1 is also recognized as a marker and mediator of
senescence and a key member of a group of proteins collectively known as the senescence-
messaging secretome [53].

Hyperfibrinolysis also can occur as a result of surgical stress and is seen in trauma and
cardiac and major spine surgery. Hyperfibrinolysis can result in the need for massive
transfusion and may lead to prolonged ICU and hospital lengths of stay and even death
[54]. In contrast, postoperative immobility and the systemic inflammation accompanying
surgical stress response can lead to an increased risk of postoperative thromboembolism in
older adults in the setting of acquired thrombophilia associated with aging [55].

Neuroendocrine-Metabolic Systems
The endocrine response to surgery includes secretion of growth hormone, adrenocortico-
tropic hormone (ACTH), prolactin, and vasopressin from the pituitary; increased cortisol,
catecholamines, and aldosterone from the adrenals; and increased glucagon release and
decreased insulin release from the pancreas. There is also a decrease in testosterone,
estrogen, and triiodothyronine following surgery. The complex interplay between these
hormones induces a catabolic state characterized by insulin resistance, hyperglycemia,
lipolysis, and skeletal muscle wasting resulting in a negative nitrogen balance.
The magnitude of these catabolic changes is likely not very different in the elderly compared
with young adults, but elderly patients have reduced muscle mass at the outset and are more
prone to protein catabolism [56]. Skeletal muscle wasting can result in frailty and delayed
return to baseline functional status [57], need for discharge to intermediate care institutions
such as nursing facilities, and worst of all, death.

Though, effect of age on responses to the initial surgical insult are somewhat described in
the literature, our understanding of the influence of age as a modifier of subsequent insults
and second hits (e.g., postoperative infection) and its impact on outcome trajectories
remains extremely limited. Most models of infection pathogenesis, including postoperative
infection, do not incorporate host stress. It is now well established that following
acute insults to the host such as surgery, trauma, myocardial infarction, or burn surgery,
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the intestinal microbiota decreases in abundance and function, and a virulent and resistant
pathobiome emerges, rendering the stressed host more vulnerable to infection [58]. This is
particularly complex because the intervention or treatment-related effects appear to interact
with endogenous determinants such as age in the context of prolonged postoperative stress
and systemic inflammatory response. Age-related diminutions of immune and endocrine
functions [59] and autonomic signal attenuation all may contribute to adverse outcomes
among elderly patients. There is currently limited insight across the age spectrum as to how
prominently these endogenous factors contribute to loss of adaptability during prolonged
stress [29].

Geroscience Concepts Applied to Surgical Stress Response
With the underlying rationale that aging itself is the predominant risk factor for most
diseases and conditions that limit health life expectancy or “healthspan,” a new field of
geroscience is seeking to understand the integrated aging-related changes in biologic systems
and develop novel multidisease preventative and therapeutic approaches. Kennedy et al.
have recently described seven highly intertwined processes driving aging (hence termed the
pillars of aging) – including adaptation to stress, epigenetics, inflammation, macromolecular
damage, metabolism, proteostasis, and stem cells and regeneration [60]. Importantly,
understanding the interplay among these seven pillars is critical and should inform our
approaches to study perioperative stress responses and how they may underlie surgical
resilience across organ systems. Several key concepts pertaining to aging as a modifier of
surgical stress response will be outlined next – these include allostasis and allostatic load,
hormesis, frailty, and resilience.

Allostasis, Allostatic Load, and Surgical Stress Response
Allostasis, a concept introduced by Sterling and Eyer in 1988, describes the effect of stressors
on an organism. It refers to the organism’s ability to respond to stressors or external stimuli
with continuous change in an effort to maintain dynamic equilibrium. The goal of allostasis
is preservation of somatic stability.When stress is perceived by the organism, it results in the
activation of the hypothalamic-pituitary-adrenal (HPA) axis with a resulting increase in
serum cortisol, norepinephrine, and epinephrine. When the stressor dissipates, this
response is turned off, and the serum cortisol and other stress hormones return to baseline
in an efficient manner. As the organism ages, the allostatic response becomes impaired, and
there may be an exaggerated or inadequate peak response, as well as a sluggish return to
baseline [61,62]. Repeated and prolonged exposure of the organism to these mediators can
have deleterious effects, resulting in a buildup of wear and tear, a term described as allostatic
load. The allostatic load therefore is the price the organism pays for adaptation to physio-
logic stressors [63]. The original primary mediators of allostatic load are catecholamines,
cortisol, and dihydroepiandrosterone sulfate (DHEA-S). Other hormones and proteins
were later included to assess allostatic load, such as insulin-like growth factor 1 (IGF-1),
IL-6, serotonin, and C-reactive protein (CRP) [64,65]. These primary mediators result in
physiologic changes and outcomes, including elevated systolic and diastolic blood pressure,
blood glucose, lipid levels, and measures of body habitus, including waist-hip ratio. These
are termed secondary mediators of stress. The eventual outcome of allostatic load is an
increased propensity to develop chronic diseases, including atherosclerosis and diabetes
mellitus.
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Four types of allostatic load have been described as being important to the well-being of
the individual. First, in the case of frequent exposures to stress such as repeated episodes of
uncontrolled hypertension, the susceptible elderly individual can experience adverse out-
comes such as a myocardial infarction or hemorrhagic stroke. Second, when exposed to
similar stressors, there is failure of adaptation of the stress response resulting in prolonged
exposure to stress mediators. The third type of allostatic load revolves around the inability
of the individual to terminate the allostatic response once the stressful stimulus has sub-
sided. An example of this type of allostatic load is the decreased bone mineral density in
chronically depressed women, who continue to have an elevated serum cortisol level, which,
in turn, inhibits new bone formation. In the fourth type of allostatic load, there is an
inadequate allostatic response that then leads to hyperactivity of inflammatory cytokines,
which are typically suppressed by glucocorticoids. This typically manifests as an increased
susceptibility to autoimmune and inflammatory diseases [61].

As an organism ages, changes occur in many organ systems that are linked to the
development of chronic degenerative diseases. One important process is aging of the
immune system, manifested as an overall increase in proinflammatory cytokines such as
IL-6, TNF-α, CRP, and IL-1β, with an accompanying reduction in anti-inflammatory
cytokines such as IL-10. This “inflammaging” has been implicated in the pathogenesis of
diabetes, dementia, and cardiovascular diseases and is associated with a higher mortality
[66]. It is interesting to note that the cytokine profile of centenarians remains similar to that
of young adults, supporting the idea that “inflammaging” is associated with decreased
longevity [67].

Telomere length is another marker of allostatic load. Telomeres are tandemly repeating
short DNA strands at the ends of eukaryotic chromosomes. Telomeres and their associated
proteins are responsible for protection of the genomic DNA. At the end of each cell
division, telomeres shorten in length, leaving the cell more vulnerable to genomic instabil-
ity. The enzyme telomerase can add DNA repeating sequences at the end of the chromo-
some to compensate for attrition [68]. Shorter telomere length is associated with risk
factors for cardiovascular disease and may be a predictor of mortality in patients with
chronic kidney disease, Alzheimer’s disease, and stroke. Shortened telomere length is seen
in people exposed to chronic stress such as caregivers [69]. In postmenopausal women
caring for patients with dementia who were exposed to an acute stressor, a higher cortisol
level associated with the acute stressor was associated with shorter telomeres.
The long-term consequence of repeated high-stress exposure is likely accelerated cellular
senescence [70].

Hormesis as a Potential Modifier of Surgical Stress Response
in the Elderly
Hormesis, a term used most extensively in the fields of toxicology and radiation biology,
refers to a generalized, evolutionarily conserved biphasic pattern of adaptive cellular
responses to stressors whereby a beneficial effect (e.g., stress tolerance, improved “health-
span,” or longevity) results from exposure to low doses of agents or intensities of environ-
mental factors that are otherwise toxic or lethal when given at higher concentrations or
intensities. First described in 1946, hormetic responses were largely ignored in biomedical
research until the discovery that transient heat stress invoked the appearance of a protected
phenotype in cells, tissues, or organisms such that they were able to withstand the harmful
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effects induced by otherwise lethal stressors. Interest in this area was boosted to new heights
with the discovery that antecedent exposure to short bouts of sublethal ischemia followed by
reperfusion conferred cardioprotection in hearts subsequently exposed to lethal ischemia-
reperfusion (I/R), a phenomenon termed ischemic preconditioning (IPC). Subsequent to that
came the discoveries that the heart and other organs could be protected by subjecting distant
organs or tissues (e.g., the small intestine, kidneys, and limbs) to IPC – which is referred to
as remote, interorgan, or distant site ischemic preconditioning (RIPC) – or by using gradual
and hemodynamically controlled reperfusion (multiple short bouts of I/R) to salvage
previously ischemic but viable myocardium (a phenomenon designated ischemic postcondi-
tioning) [71]. More recently, the neuroprotective effects of cold-shock response have been
reported. A protein released during hypothermia has been found to affect the progression of
neurodegenerative disease in mice by sparing neurons from death and preserving synaptic
plasticity [72]. These early findings support the concept that adaptive intrinsic pleiotropic
cell survival programs can be activated by a variety of mildly noxious stimuli or pharma-
cologic agents to confer protection against the deleterious effects of I/R, which have
tremendous translational relevance for surgical stress response and perioperative organ
protection. In addition to heat and cold-shock response, examples of such conserved
prosurvival and longevity hormetic inducible pathways include mitochondrial responses
to increased oxidative stress, the unfolded protein response to endoplasmic reticulum stress,
immunomodulation of signaling via TLR4, and metabolic control in response to diet
restriction, caloric restriction, exercise, DNA repair/genetic stability in response to heat
and radiation [73], and hibernation [74]. A prosurvival pathway shared by intermittent
fasting, caloric restriction, exercise, and hibernation involves activation of a family of
protein deacetylases called sirtuins (chief among which is sirtuin-3), which results in both
antioxidant and metabolic reprogramming hormetic effects [74,75]. Consequently, candi-
date hormetic mimetics are key regulators of such prosurvival pathways and include
stimulated DNA repair, endogenous antioxidants, restoration of protein structure and
function, energy endurance, immunoregulation, and systemic and metabolic responses to
ischemia. Several examples include hormetic heat mimetics (molecular chaperones such as
HSP70, ethanol, and quercetin) and diet-restriction mimetics (metformin, resveratrol, and
PPAR-delta agonists). Several points of intervention exist for limiting postischemic tissue
injury that may be targeted by the adaptive endogenous programs invoked by conditioning
stimuli. The mechanistic rationale for developing pharmacologic conditioning strategies
that mimic the remarkably powerful effects of ischemic conditioning is sound. Lifestyle
interventions, including exercise, caloric restriction or intermittent fasting, dietary manip-
ulations, and consumption of alcoholic beverages and/or phytochemicals, may induce
hormetic responses – and are relevant to perioperative management. One such area of
controversy surrounds preoperative nutritional recommendations, particularly in elderly
surgical patients. The current trend in preoperative nutrition away from preoperative
fasting and toward carbohydrate loading embedded in enhanced recovery after surgery
(ERAS) nutritional guidelines has to be counterbalanced against evidence that short-term
dietary restriction and fasting (or pharmacological diet-restriction mimetics) preconditions
against surgical stress via both upstream nutrient-sensing mechanisms and effector
mechanisms implicating increased prosurvival insulin signaling and elevated endogenous
hydrogen sulfite production [76].

Despite promising preclinical studies, the efficacy of many hormetic interventions has
proven ineffective in the presence of aging and cardiovascular risk factors and/or is
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adversely affected by coincident use of cardiovascular drugs, anesthetics (especially propo-
fol), and opioids. Obstacles to its practical application in patients remain, as evidenced by
the recent failures of remote ischemic preconditioning (RIPC) randomized, controlled trials
to reduce mortality and morbidity in cardiac surgery [77]. Thus, uncovering the mechan-
isms responsible for such impaired responses to preconditioning stimuli and differentiating
hormesis from toxic stress will be imperative to successful clinical application of hormetic
interventions in relevant surgical patient populations, including the elderly.

Frailty as a Modifiable Predictor of Postoperative Outcomes in Older
Adults
Frailty is defined as a multidimensional syndrome characterized by progressive reduction in
physical reserve, energy, cognitive reserve, and an overall lack of physiologic reserve across
several organ systems that results in a state of vulnerability by impairing an individual’s
ability to cope with stressors. It is prevalent among the elderly and a known risk factor for
falls, institutionalization, and morbidity [78]. Clinical frailty in older adults is associated
with worse perioperative outcomes across many surgical subspecialties. The frail elderly
patient is more likely to experience serious complications [79–81], prolonged hospital stay
[82], higher 30-day readmission rate following elective cardiac and noncardiac surgery [79],
loss of independent activity with increased discharge to an institutional facility [83], and
reduced 1-year survival [84]. Makary et al. measured frailty prospectively in patients older
than age 65 presenting for elective surgery [82] and found frail patients to have more than
2.5-fold higher risk of complications compared with nonfrail patients. They were also more
likely to have increased length of stay and had a higher likelihood of discharge to an assisted-
living facility [82,85]. Moreover, preexisting cognitive impairment is emerging as
a predictor of poor outcomes following surgical stress in seniors. In subjects older than
age 65, the prevalence of dementia is estimated at 5 to 10 percent, and that of mild cognitive
impairment, a frequently undetected problem, is as high as 35 to 50 percent. Importantly,
preexisting cognitive impairment is a predictor and modifier of common cognitive com-
plications of surgery – namely postoperative delirium (20–80 percent incidence) and post-
operative cognitive dysfunction (12–15 percent incidence) [86]. The morbidity and higher
economic burden of frailty call for a simplified preoperative assessment and adequate
optimization of all elderly patients undergoing surgery (see Chapter 15). Indeed,
a comprehensive geriatric assessment may be a stronger predictor of postoperative out-
comes in this patient population than the time-honored American Society of
Anesthesiology score [87].

To optimize the quality of care for elderly surgical patients, the American College of
Surgery and the American Geriatric Society developed best practice guidelines for perio-
perative management of geriatric patients in 2012 [88]. These guidelines focus on problems
specific to the elderly surgical patient, including frailty, cognitive dysfunction, and poly-
pharmacy. They also include recommendations for assessment of nutritional status, social
support, and decision-making capacity. The group compiled the recommendations in the
form of a checklist (Table 12.1) that would enable a thorough and optimal preoperative
workup and identify high-risk patients for further assessment. Surgery departments at
various institutions have adopted and modified these guidelines to fit their patient popula-
tions. Wozniak et al. implemented these guidelines at the Sinai Center for Geriatric Surgery
andmodified them by including a hearing screen, oral screen, performance status, Charlson
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Comorbidity Index, pressure ulcer risk, and caregiver burden interview [89]. It was per-
formed by an experienced nurse practitioner and added 20 minutes to their standard
preoperative assessment. Other surgical specialties, including urology, have also acknowl-
edged the surgical risk of an elderly adult and emphasized the importance of achieving good
functional outcomes [90], which are incredibly important to elderly surgical patients. While
no specific practice guidelines aimed at geriatric surgical patients have been issued by the
American Society of Anesthesiology, there is a growing body of literature addressing some
of the current controversies in this arena, including choice of anesthesia and prevention of
postoperative delirium [91].

Physical Resilience in Older Adults
Understanding how advanced age modifies surgical stress is important because improved
surgical outcomes in the elderly depend on instituting appropriate perioperative measures
to reduce the stress response, with the ultimate goal of early return to the preoperative
physical state. However, postoperative patient trajectories, and in particular the ability to
maintain or recover appropriate function following major surgery, remain poorly
described, lacking both a precise phenotypic framework and mechanistic understanding.
What little we do know about recovery from surgery as a primary outcome relies on cross-
sectional incidence data with infrequent assessments, which limits characterization of speed
of recovery and underlying mechanisms. An emerging concept separates responses to
physical stressors (such as surgical trauma) into two key steps – deviation from the original
(baseline) state and return to the original state (recovery). Consequently, stress resistance

Table 12.1 Checklist for the Optimal Preoperative Assessment of Geriatric Surgical Patients

In addition to conducting a complete history and physical examination of the patient, the
following assessments are strongly recommended:
1. Assess the patient’s cognitive ability and capacity to understand the anticipated surgery.
2. Screen the patient for depression.
3. Identify the patient’s risk factors for developing postoperative delirium.
4. Screen for alcohol and other substance abuse/dependence.
5. Identify the patient’s risk factors for postoperative pulmonary complications and implement

appropriate strategies for prevention.
6. Perform a preoperative cardiac evaluation according to the American College of Cardiology/

American Heart Association algorithm for patients undergoing noncardiac surgery.
7. Document functional status and history of falls.
8. Determine baseline frailty score.
9. Assess patient’s nutritional status and consider preoperative interventions if the patient is at

severe nutritional risk.
10. Take an accurate and detailed medication history and consider appropriate perioperative

adjustments; monitor for polypharmacy.
11. Determine the patient’s treatment goals and expectations in the context of the possible

treatment outcomes.
12. Determine patient’s family and social support system.
13. Order appropriate preoperative diagnostic tests focused on elderly patients.

(Source: Chow et al. [88].)
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can be characterized by two different components, respectively: (1) ability to resist deviation
from homeostasis (robustness), as measured by the magnitude of deviation from the original
preoperative state following surgical stress and time to a peak value, and (2) ability to fully
recover after such deviation (resilience), as measured by time to recovery and completeness
of functional recovery [92]. Preliminary evidence suggests that a number of biomarkers of
surgical resilience (such as neuropeptide Y, testosterone, and dehydroepiandrosterone)
correlate with better recovery trajectories after surgery and can be used as prognostic
indicators [93] in conjunction with “prehabilitation” strategies to lessen the risks of adverse
perioperative outcomes. In this regard, knowledge of the dose-response relationships to the
magnitude of surgical stressors is particularly important because of the potential of
threshold effects, further complicated by combinations of either concurrent or sequential
stressors [94].

Modifying the Surgical Stress Response and Improving
Outcomes
The goal of anesthesia is to blunt the surgical stress response by reducing the production
and release of stress mediators. Although small studies found better immunologic and
neurohumoral-metabolic responses to surgical stress in patients receiving total intravenous
anesthesia (e.g., remifentanil and propofol) versus volatile anesthesia (e.g., sevoflurane)
[95], very limited and sometimes controversial evidence exists with respect to optimal
anesthetic choice for elderly frail patients, mostly from orthopedic hip surgery. Neuman
et al. reported a 29 percent lower adjusted risk of mortality and a 24 percent decrease in
pulmonary complications in patients receiving regional anesthesia for hip surgery [96],
whereas others found a higher incidence of perioperative complications following hip
surgery in patients who had spinal anesthesia [97]. A 2004 Cochrane review did not reveal
important differences in outcomes between the two techniques, and the 2014 Guidelines on
theManagement of Hip Fractures in the Elderly by the American Association of Orthopedic
Surgeons propose no difference in outcomes for general or neuraxial anesthesia [98]. Absent
strong evidence favoring one anesthetic choice over another, anesthesiologists must use
their best judgment and knowledge of the patient’s comorbid diseases to decide which type
of anesthetic to administer. The REGAIN trial (Regional vs General Anesthesia for
Promoting Independence after Hip Surgery; ClinicalTrials.gov identifier: NCT02507505)
is currently prospectively enrolling patients at multiple sites and will help improve the
quality of evidence in this area.

Providing adequate analgesia is a critical component of reducing surgical stress in the
elderly. It is important to realize that uncontrolled pain is common in older adults,
especially those with underlying cognitive dysfunction [99,100]. Uncontrolled pain can
lead to adverse outcomes, including delirium, cardiopulmonary complications, lengthier
rehabilitation, need for readmission, and development of chronic pain syndromes [101].
In contrast, the elderly patients are at higher risk of having adverse events from analgesics as
a result of altered pharmacokinetics, increased CNS sensitivity to drugs, and frailty, limiting
their ability to compensate for medication overdose [102]. Multimodal analgesia, with
increased use of nonopioid analgesics such as gabapentin, pregabalin, acetaminophen,
ketorolac, and local anesthetics (infiltrated, neuraxial, or regional), can reduce pain in the
immediate postoperative period and facilitate early rehabilitation and discharge [103].
Neuraxial techniques are also beneficial in the elderly for analgesia after major abdominal,
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vascular, and even orthopedic procedures. The geriatric surgical patient stands to gain a lot
of benefit from this technique for postoperative analgesia, especially with regard to early
ambulation, early return of bowel function, less sedation, and lowered cardiovascular
morbidity [104].

The American Geriatric Society released a best practice report for management of
postoperative delirium in the elderly. The report recommends prompt diagnosis and
pharmacologic treatment of delirium [105], underscoring the importance of adequate
analgesia and avoidance of certain benzodiazepines, H1 antagonists, and meperidine.
There is also some evidence suggesting that titration of anesthesia to avoid burst suppres-
sion on the processed electroencephalogram may reduce the incidence of postoperative
delirium [106]. This benefit of a “lighter plane of anesthesia” must be balanced against the
risk of possible intraoperative awareness, movement, and sympathetic activation during
surgery, all of which could be harmful in the elderly.

Conclusion
In conclusion, there is a fundamental gap in understanding how aging increases vulner-
ability to surgical stress, ischemia-reperfusion injury, and postoperative critical illness.
A number of observations draw a link among aging, loss of mitochondrial function, nutrient
sensing, “inflammasome” activation, and impaired recovery following surgical stressors –
under a paradigm of age-related decreased physical resilience [92]. Understanding why some
older adults recover function rapidly after surgical stress and critical illness and others
decline, continues to pose both scientific and clinical questions. What are the driving
mechanisms, and are these specific to organ systems or is there an underlying resilience
trait?What is the role of pain, environment, and psychosocial factors inmodulating surgical
resilience? Answers to such scientific questions would inform key clinical questions. If we
can predict surgical resilience, can wemodify or avoid the stressor or change how we deliver
care? Are there pleiotropic interventions that can boost surgical resilience in older adults?
Importantly, as perioperative physicians and intensivists we should expand our focus from
successful ICU and hospital discharge to a more comprehensive assessment and under-
standing of functional capacity as a therapeutic endpoint [107]. Tools to assess disability
following surgical stress and critical illness exist [108], and preliminary studies looking at
the impact of disability on ICU survivors suggest that this is indeed a prevalent and essential
patient-centered outcome to improve [109].
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Chapter

13
Perioperative Care of Geriatric
Patients at Risk of Developing
Critical Illness

Andrea Tsai and Ruben J. Azocar

Key Points

• Admissions of geriatric patients to intensive care units (ICUs) are becoming
increasingly common and are responsible for increasing healthcare costs.

• Older adults present to the ICU in two different ways: acutely and electively.
Outcomes after elective ICU admission seem to be better: 1-year mortality for
unscheduled surgery was 67 percent, and the 1-year mortality for emergent medical
admissions was 80 percent.

• The Perioperative Surgical Home (PSH) model, aiming for a better coordination in
care for the older adult, could improve outcomes and decrease costs by minimizing
complications.

• The purpose of preoperative evaluation in elderly patients is to document a baseline
functional status, stratify risk so that modifiable risk factors can be addressed,
optimize patients prior to surgery where possible, and recognize postoperative
changes objectively.

• Intraoperative management for older adults should take into account the
preoperative concerns: lower doses of hypnotic, sedative, and analgesic agents due to
the increased sensitivity of the elderly brain; decreased rate of redistribution leading
to higher comparative blood levels of drug; and decreased metabolism of drug by the
liver or kidney, leading to a longer drug half-life.

• Preoperative frailty has been strongly correlated with postoperative outcomes in the
elderly patients, and a strong argument can be made for obtaining frailty scores
preoperatively to predict perioperative outcomes and guide care in the ICU
(especially withholding or withdrawing life support).

Introduction
The rapid growth of the population older than 65 years of age and its impact on healthcare is
a well-recognized fact. Critical care services are not immune to this phenomenon; in fact,
admissions of geriatric patients to intensive care units (ICUs) are increasingly common.
When examining ICU admissions between1992–96 and 2002–6, a Dutch institution
reported a 33 percent increase in admissions of patients older than age 75 [1]. Similarly,
data from57 ICUs inAustralia andNewZealand showed a 6 percent increase per year in ICU
admissions between 2000 and 2005 of patients older than 80 years of age [2]. This segment of
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the population represented 14 percent of all ICU admissions in this cohort. In the United
States, approximately 42 to 52 percent of ICU admissions are older adult patients, with
60 percent of all ICU days attributed to this group [3]. Additionally, 11 percent of Medicare
recipients spend an average of 8 days in the ICU during the final 6 months of their lives, and
about 40 percent of Medicare recipients who die are admitted to the ICU during their
terminal illness [4]. These ICU stays represent approximately 25 percent of total Medicare
expenditures [4]. Teno et al. published data showing increases in ICU use among Medicare
beneficiaries in the last 30 days of life, from 24.3 percent in 2000, to 26.3 percent in 2005, and
29.2 percent in 2009, despite a decrease in the mortality rate in acute care hospitals [5].
Considering that hospital stays that involve ICU services are two and a half times costlier
than those without ($61,800 versus $25,200) [6], it is easy to infer the financial impact of the
increasing number of elderly adults requiring critical care services. An additional challenge
is the relative decrease in ICU beds available per capita, from 193.2 ICU beds per 100,000
elderly persons to 189.4 beds per 100,000 elderly persons, as the segment of those over 65
years continues to grow [7].

Older adults present to the ICU in two different ways: acutely and electively. An acute
presentation encompasses most medical admissions as well as acute unplanned surgical
admissions, e.g., trauma and surgical catastrophes. Elective, or planned, ICU admissions are
generally related to surgical interventions. Outcomes in this latter group seem to be better
than in the former. One study reported that postsurgical admissions had an ICU mortality
of 12 percent and a hospital mortality of 25 percent, with 72 percent of those who survived
being discharged home [2]. Similarly, another study found that 57 percent of elderly
patients who underwent elective surgery were still living at 1 year after surgery [8].
In contrast, older patients who required emergency surgery had an 89 percent mortality
rate, and those admitted for acute medical issues had a 90 percent mortality rate [8]. These
findings are consistent with another study that reported that the 1-year mortality for
unscheduled surgery was 67 percent and the 1-year mortality for emergent medical admis-
sions was 80 percent [9].

Although survival after elective surgery is better than survival after emergent surgery or
ICU admission for geriatric patients, unfortunately, the perioperative outcomes of this
patient population are still significantly worse than those of younger adults.
In a prospective observational study of 1,064 patients undergoing noncardiac surgery,
those older than 65 years had a 1-year mortality rate of 10.3 percent – almost double that
of younger adults (5.5 percent) [10]. These findings are no different from those of an
epidemiologic study looking at surgical mortality in the United States, in which mortality
increases dramatically for those older than 65 years of age [11]. A 2002–5 review of the
Veterans Affairs National Surgical Quality Improvement Program (NSQIP) database exam-
ining 7,696 surgeries showed an overall 28 percent morbidity rate and 2.3 percent mortality
rate, but in those older than 80 years of age the morbidity rate was 51 percent and the
mortality rate was 7 percent [12].

Complications are clearly associated with mortality; very likely, an elderly patient may
survive surgery but succumb to postoperative complications. Perioperative complications
in older adults and their relationship with mortality have been well identified. Central
nervous system (CNS) and cardiac, pulmonary, and renal systems seem to be the common
systems in which complications have the greatest impact on outcomes [13–15]. A study
completed at NSQIP of patients who had noncardiac surgery between 1991 and 1999
showed that in those age 80 years or older, 20 percent had one or more postoperative
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complications [15]. Patients who suffered complications had a higher 30-day mortality than
those who did not (26 versus 4 percent, P < 0.001) [15].

Wunsch et al. analyzed data to determine the 3-year outcomes of 35,308 ICU Medicare
beneficiaries who survived intensive care. Patients who survived the ICU had a higher 3-year
mortality (39.5 percent, n = 13,950) than hospital controls (34.5 percent, n = 12,173, adjusted
hazard ratio [AHR] 1.07, 95 percent confidence interval [CI] 1.04–1.10, p < 0.001) and general
controls (14.9 percent, n = 5,266, AHR 2.39, 95% CI 2.31–2.48, p <0.001) [16]. Interestingly,
survivors who did not receive mechanical ventilation had minimal increased risk
comparedwith hospital controls (3-yearmortality 38.3 percent, n= 12,716 versus 34.6 percent,
n = 11,470, respectively, AHR 1.04, 95% CI 1.02–1.07), but those who underwent mechanical
ventilation had substantially increasedmortality (57.6 percent, n = 1,234 ICU survivors versus
32.8 percent, n = 703 hospital controls, AHR 1.56, 95% CI 1.40–1.73), with risk
concentrated in the 6 months after the quarter of hospital discharge (6-month mortality
30.1 percent, n = 645 for those receiving mechanical ventilation versus 9.6 percent, n = 206 for
hospital controls, AHR 2.26, 95% CI 1.90–2.69) [16].

Examining long-term outcomes, however, should not be limited to mortality. Quality of
life (QoL) is also enormously important for patients and their families. Dependency in
activities of daily living (ADLs) has been associated with perioperative complications in the
elderly [14]. Complications involving the CNS and cardiac, pulmonary, and renal systems
have great impact on outcomes and result in unplanned admissions to the ICU [13–15]. It is
also important to note that patients who survive the ICU and are discharged to a skilled care
facility have higher 6-monthmortality (24.1 percent for ICU survivors and hospital controls
discharged to a skilled care facility versus 7.5 percent for ICU survivors and hospital
controls discharged home, AHR, 2.62, 95% CI 2.50–2.74, p < 0.001 for ICU survivors and
hospital controls combined) [16].

This growing elderly population that consumes a large segment of healthcare resources
and is prone to suboptimal outcomes fits the paradigm of the American Society of
Anesthesiologists’ (ASA) Perioperative Surgical Home (PSH) model. This initiative is
framed under the Institute for Healthcare Improvement (IHI) Triple Aim, whose goals
are to enhance the patient’s experience of care (quality and satisfaction) while reducing the
per capita cost of healthcare [17,18]. The PSH is therefore a patient-centric, team-based
model of care that emphasizes value, patient satisfaction, and reduced costs [19,20].

The key element in the conceptual frame of the PSH model is to minimize variability in
perioperative care [21]. Lessons from organization management demonstrate that varia-
bility in practice increases the likelihood for errors and complications. It is suggested that
variability can be reduced by ensuring continuity of care and treating the entire periopera-
tive episode of care as one continuum rather than discrete preoperative, intraoperative,
postoperative, and postdischarge episodes [21]. It appears that aiming for a better coordina-
tion in care for older adults could improve outcomes and decrease costs by minimizing
complications that might lead to critical illness in this growing patient population [22].

Preoperative Assessment
In 2012, the American College of Surgeons (ACS) NSQIP and American Geriatrics Society
(AGS) published best practice guidelines focusing on the optimal preoperative assessment
of geriatric surgical patients [23]. These guidelines detail a comprehensive and evidence-
based preoperative assessment with the goal of optimizing patients prior to surgery. Medical
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optimization is certainly a possibility for geriatric patients who present for elective surgeries
with planned postoperative ICU admission. In contrast, the ability to optimize a geriatric
patient after trauma or an unexpected surgical complication are more limited, but some
degree of preoperative assessment may still be possible and is helpful for prognosis and
guiding intra- and postoperative therapy. The ACSNSQIP/AGS best practice guidelines will
be reviewed next, updated for more recent developments.

For the preoperative neuropsychiatric evaluation of geriatric patients, the guidelines
recommend identifying risk factors for the development of delirium, assessing cognitive
ability and capacity, and screening for depression as well as alcohol and other drug abuse or
dependence [23]. The purpose of this evaluation is to document a baseline functional status,
stratify risk so that modifiable risk factors can be addressed, optimize patients prior to
surgery where possible, and ensure that postoperative changes are recognized objectively
and treated.

Delirium is the most common complication in geriatric surgical patients, affecting up to
50 percent of older postoperative patients [24,25]. The guidelines recommend that risk
factors for delirium be identified, and for patients at risk for postoperative delirium, the use
of benzodiazepines and antihistamines should be avoided [23,26]. Risk factors for delirium
are summarized in Table 13.1, with the following six risk factors highlighted by ACS
NSQIP/AGS and Society of Critical Care Medicine (SCCM) guidelines: preexisting demen-
tia, coma, history of hypertension, history of alcoholism, a high severity of illness at
admission, and benzodiazepine use [23,26].

To assess cognitive ability and screen for cognitive impairment, in addition to reviewing
medical records and, when possible, interviewing those familiar with the patient (e.g.,
family), the Mini-Cog and clock-drawing tests have emerged as rapid, effective, and
recommended screening tools [23,25,27] (Table 13.2 and Figure 13.1). Preoperative cogni-
tive testing is important to establish a baseline with which postoperative status can be
compared. Additionally, patients with impairment can be identified and potentially further
evaluated or referred for specialist workup. Finally, evidence of cognitive impairment is
important in determining the patient’s functional capacity and ability to follow medication
regimen and maintain quality of life.

The assessment of a patient’s competence, or their decision-making capacity, is recom-
mended by the guidelines and is important in determining a patient’s ability to provide
informed consent for surgery and anesthesia [23]. Legal criteria for capacity are defined as
the ability to demonstrate understanding, appreciation, reasoning, and choice as they
pertain to medical decisions. That is, a patient must be able to understand the information
communicated to them, appreciate their clinical situation and consequences, reason
through various options, and choose from among the options. A discussion of approaches
to capacity assessment is beyond the scope of this chapter but is covered in an excellent
review [28].

Screening for depression and alcohol or substance dependence or abuse is recom-
mended by the guidelines and can be accomplished via the use of validated questionnaires
[23]. The Patient Health Questionnaire-2 (PHQ-2) is a simple, rapid, and recommended
tool to screen for depression [23] (Table 13.3); patients screening positive can be referred for
further evaluation or workup. Screening for alcohol or substance dependence or abuse can
be accomplished through the CAGE (Cut down, Annoyed, Guilty, Eye-opener) question-
naire, with any “yes” answer considered a positive result [23,25]. Patients screening positive
for substance dependence or abuse should be considered for perioperative withdrawal
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prophylaxis, perioperative vitamin supplementation (e.g., thiamine and folic acid), and –
time permitting – referral for abstinence or detoxification programs [23].

The preoperative cardiac assessment of the geriatric ICU patient should follow
American College of Cardiology (ACC) and AmericanHeart Association (AHA) guidelines.
These guidelines were updated in 2014 and now include a Web-based perioperative risk
calculator that replaces the Revised Cardiac Risk Index [29,30]. This new cardiac risk
calculator estimates probability for perioperative myocardial infarction or cardiac arrest
based on five criteria: age, ASA class, creatinine level, functional status with respect to ADLs,

Table 13.1 Risk Factors for Postoperative Delirium

Cognitive and behavioral disorders

• Dementia and cognitive impairmenta

• Depression
• Alcohol useb

• Sleep deprivation or disturbance
• Comab

Disease or illness related

• Aortic procedures
• Current hip fracture
• Severe illness or comorbidity burdenb

• Presence of infection
• Renal insufficiency
• Inadequately controlled pain
• Anemia
• Hypoxia or hypercarbia
• History of hypertensionb

Metabolic

• Poor nutrition
• Dehydration
• Electrolyte abnormalities (hypernatremia or hyponatremia)

Functional impairments

• Hearing or vision impairment
• Poor functional status
• Immobilization or limited mobility

Other

• Age greater than 65 years
• Polypharmacy and use of psychotropic medications (benzodiazepines, anticholinergics,

antihistamines, antipsychotics)b

• Risk of urinary retention or constipation
• Presence of urinary catheter
a Strongest predisposing factor according to ACS NSQIP/AGS and SCCM guidelines.
b Significant risk factor according to SCCM guidelines.
(Sources: Refs. [1–4].)
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and type of surgery [29, 30]. This estimate may be helpful in guiding informed consent,
prognosis, and risk/benefit discussions.

In assessing the pulmonary status of geriatric ICU patients, the guidelines recommend
identifying a patient’s risk factors for postoperative pulmonary complications and imple-
menting strategies for risk mitigation where possible [23]. These strategies may not be
possible for the trauma patients admitted to the ICU emergently, but for elective ICU patients,
they include smoking cessation, optimization of asthma and chronic obstructive pulmonary
disease (COPD) control, intensive inspiratory muscle training, and selective pulmonary
function testing and chest radiography [23]. Similar to the Web-based cardiac risk calculator
adopted by 2014 ACC/AHA guidelines, there exists a Web-based risk calculator for post-
operative respiratory failure (PRF), defined as failure to wean from mechanical ventilation
within 48 hours of surgery or unplanned intubation or reintubation within 30 days of surgery
[31]. Risk of PRF is estimated based on five criteria: ASA class, presence or absence of sepsis,
emergency (versus nonemergent) case, functional status with respect to ADLs, and type of
surgery [31]. Other risk factors for postoperative pulmonary complications (including pneu-
monia) as identified by the guidelines are outlined in Table 13.4.

Table 13.2 Cognitive Assessment with the Mini-Cog: Three-Item Recall and Clock Draw

1. Get the patient’s attention, then say:

• “I am going to say three words that I want you to remember now and later. The words are
banana, sunrise, and chair. Please say them for me now.”

• Give the patient three tries to repeat the words. If unable after three tries, go to the next
item.

2. Say all the following phrases in the order indicated:

• “Please draw a clock in the space below. Start by drawing a large circle. Put all the numbers
in the circle and set the hands to show 11:10 (10 past 11).”

• If the patient has not finished the clock drawing in 3 minutes, discontinue and ask for recall
items.

3. Say: “What were the three words I asked you to remember?”

(Sources: Refs. [1,2].)

3-item recall = 0 3-item recall = 1–2 3-item recall = 3

DEMENTED NONDEMENTED

Clock drawing test 
abnormal

Clock drawing test 
normal

DEMENTED NONDEMENTED

Figure 13.1 Mini-Cog scoring algorithm (www.ncbi.nlm.nih.gov/pubmed/11113982).
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Functional status and performance status are now recognized as important predictors of
postoperative outcomes, including delirium, surgical-site infections, discharge institutio-
nalization, and 30-day and 6-month mortality [23]. Functional status can be easily assessed
with a short series of screening questions assessing a patient’s ability to independently get
out of bed or a chair, dress, bathe, prepare meals, and shop (e.g., for groceries) [23]. Any
“no” answer should prompt a more in-depth evaluation and consideration of physical and/

Table 13.3 The Patient Health Questionnaire-2

1. In the past 12 months, have you ever had a time when you felt sad, blue, depressed, or down
for most of the time for at least 2 weeks?

2. In the past 12 months, have you ever had a time, lasting at least 2 weeks, when you did not
care about the things that you usually cared about or when you did not enjoy the things that
you usually enjoyed?

Note: If the patient answers “yes” to either question, then further evaluation by a primary care physician or
specialist is recommended.
(Sources: Refs. [1,2].)

Table 13.4 Risk Factors for Postoperative Pulmonary Complications

Patient-related factors

• Age > 60 years
• Chronic obstructive pulmonary disease
• ASA class ≥ IIa

• Functional dependencea

• Congestive heart failure
• Obstructive sleep apnea
• Pulmonary hypertension
• Current cigarette use
• Impaired sensorium
• Preoperative sepsisa

• Weight loss > 10 percent in 6 months
• Serum albumin level < 3.5 mg/dl
• Blood urea nitrogen level ≥ 7.5 mmol/liter (21 mg/dl)
• Serum creatinine level > 133 mol/liter (1.5 mg/dl)

Surgery-related factors

• Prolonged operation (>3 hours)
• Surgical sitea

• Emergency operationa

• General anesthesia
• Perioperative transfusion
• Residual neuromuscular blockade after an operation

a Criteria for estimating postoperative pulmonary failure risk according to the Gupta risk calculator.
(Sources: Refs. [1,2,5].)
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or occupational therapy referral as well as highlight a potential need for proactive discharge
planning. Deficits in hearing, vision, swallowing, gait, or mobility also should be documen-
ted, as well as screening for falls or risk of falling [23,32]. The Timed Up and Go Test
(TUGT) is another suggested screening tool for elderly surgical patients [23,32]. It is
a timed test in which a seated patient rises from a standard armchair, walks forward in
a straight line for 10 feet, turns around, and returns to a seated position in the chair [23].
Any patient who experiences difficulty completing the test or needs more than 15 seconds to
complete the test is at high risk for falls and should be considered for physical therapy
referral [23].

Frailty is a syndrome independent of disability and comorbidity that is highly pre-
valent in the geriatric population; some estimate that up to 50 percent of those over 85
years of age may be frail [23,25]. Multiple measures of frailty exist, but one widely
recognized definition was put forth by Fried et al. [23,33].This definition evaluates
patients on five criteria: weight loss, exhaustion, low physical activity, slowness, and
weakness (Table 13.5); patients meeting two to three of the criteria are considered to be
intermediate or prefrail, and those meeting four to five of the criteria are considered to be
frail [23,33]. Frailty has important negative implications for postoperative outcomes [34].
Because frailty and decreased functional status are associated with worse outcomes, the
notion of “prehabilitation” as a way to optimize patients in preparation for surgery has
been proposed. Currently, there are studies that suggest that an exercise program aimed to
improve the functional status of patients before surgery might improve recovery and
overall outcomes, including in the geriatric population [35,36]. Such studies also suggest
benefits in the cognitive domain as well [37].

Nutritional evaluation of geriatric ICU patients should include documenting baseline
height, weight, body mass index (BMI), and serum albumin and prealbumin and inquiring
about unintentional weight loss in the last year [23]. Risk factors for severe nutritional risk
include a BMI of less than 18.5 kg/m2, a serum albumin of less than 3.0 g/dl (with no
evidence of renal or hepatic dysfunction), and unintentional weight loss of greater than 10
to 15 percent within 6 months [23]. It is recommended that patients who meet any of these
criteria should undergo a full nutritional assessment by a dietitian and be considered for
preoperative nutritional support [23]. Malnutrition is a surprisingly common entity among
elderly patients, with rates ranging from 5.8 percent in the community to 38.7 percent in

Table 13.5 Frailty Score

Criteria Definition

Weight loss Unintentional weight loss > 10 pounds in the last year

Exhaustion Self-reported poor energy and endurance

Low physical activity Low weekly energy expenditure

Slowness Slow walking

Weakness Decreased grip strength

Interpretation: The patient receives 1 point for each criterion met. 0–1 = not frail;
2–3 = intermediate or pre-frail; 4–5 = frail.
(Sources: Refs. [2,6].)
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hospitals and 50.5 percent in rehabilitation [23]. Since poor nutritional status is a known
risk factor for infectious and wound complications, assessing and addressing this issue is
important to improve outcomes[23,25].

Medication management in the elderly can be challenging due to polypharmacy,
increased patient sensitivity to medications and their side effects, as well as difficulty in
determining existing medication regimen due to cognitive impairment or dementia [23,25].
Perioperative medication management in this population merits a careful and tailored
approach. In addition to a careful review and documentation of all prescription and
nonprescription medications, guidelines recommend the preoperative discontinuation of
medications including: nonessential medications, medications on the Beers Criteria list,
that are potentially inappropriate for older adults (last updated in 2015 [38]) and herbal
medications [23,25]. Medications that should be reduced or avoided include benzodiaze-
pines, meperidine, H1 antagonists (in particular diphenhydramine) and other anticholiner-
gic medications [23]. ACC/AHA guidelines should be followed for the initiation and dosing
of perioperative beta blockers and statins [23,25]. Medications cleared by the kidneys,
should be dosed based on glomerular filtration rate, since creatinine alone can be an
inadequate estimate of renal function in older adults [23].

Finally, where possible, attempts at counseling the geriatric ICU patient should be made.
Counseling efforts include ensuring that the patient has designated a health care proxy, has
advanced directives, has adequate social support and understands treatment goals, plans
and complications including possible functional decline and/or need for institutionalization
if relevant [23]. Patients without adequate social support systems should be considered for
referral to a social worker [23].

Intraoperative Management
Intraoperative management of older adults should take into account the preoperative con-
cerns highlighted earlier and the generally decreased physiologic reserve of elderly patients.
Lower doses of hypnotic, sedative, and analgesic agents can be used for geriatric patients due
to the increased sensitivity of the elderly brain to any given drug level, decreased rate of
redistribution leading to higher comparative blood levels of drug, and decreased metabolism
of drug by the liver or kidney, leading to a longer drug half-life [39]. Ongoing controversy
exists as to the superiority of regional over general anesthesia techniques (when a choice
between the two is possible). Theoretically, when compared with general anesthesia, regional
techniques should result in at least a decreased incidence of postoperative cognitive complica-
tions. However, studies comparing regional versus general anesthesia techniques have shown
conflicting results on outcomes such as cognition, pulmonary complications, and mortality,
and further research is required before a firm recommendation can be made [34].

From a cardiovascular standpoint, as patients age, stiffening of blood vessels and
myocardium leads to systolic hypertension, venous stiffening, myocardial hypertrophy,
and increased diastolic dysfunction compared with the younger population [40].
Furthermore, increased sympathetic tone leads to higher circulating levels of catechola-
mines and decreased myocardial sensitivity to catecholamines, hypotension, and exercise
[40]. As a result of these cardiovascular changes, elderly patients are more dependent on
atrial function for cardiac output, experience greater hypotension and blood pressure
lability intraoperatively, and are less able to respond with intrinsic changes in venous
capacitance, vascular tone, and heart rate or contractility changes [40].
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With aging comes changes in pulmonary physiology that result in impaired respiratory
mechanics and gas exchange. Elderly patients experience an age-dependent decrease in
elastic recoil, respiratory muscle strength, functional residual capacity, residual volume,
vital capacity, diffusion capacity, and forced expiratory volume in 1 second (FEV1) [40].
As a result, compared with younger patients, geriatric patients are more prone to upper
airway obstruction, aspiration, atelectasis, and postoperative pulmonary complications
[40]. As such, additional care should be taken to minimize the risk of pulmonary complica-
tions postoperatively, including minimizing use of orogastric or nasogastric tubes, mechan-
ical ventilation with positive end-expiratory pressure (PEEP), and consideration of
recruitment maneuvers, minimizing sedatives or using short-acting agents, and vigilant
monitoring for residual postoperative neuromuscular blockade.

Other organ systems also show an age-related decline in function, including the gastro-
intestinal, renal, and endocrine systems. Prolonged gastric emptying and impaired esopha-
geal function are found in older adults [40]. Hepatic drugmetabolismmay decline, although
this is a variable finding [40]. Renal function declines, with decreases in both creatinine
clearance and glomerular filtration rate, resulting in a decrease in the clearance of renally
metabolized or excreted drugs as well as impaired electrolyte homeostasis [40]. There is
a decrease in production and responsiveness to hormones, including insulin and thyroid
hormone [40]. As a result, geriatric patients will generally require increased attention in
terms of physiologic monitoring and careful titration of medication dosing to effect.

Postoperative Considerations in the ICU
Postoperative critical care issues in older adults are adult are not dissimilar from those who
are admitted for nonsurgical reasons. Issues in the neurologic, respiratory, cardiac, and
renal systems, as well as end-of-life issues, are described elsewhere in this text. However, it is
pertinent to discuss frailty as a predictor of outcomes in critically ill older adults.

The use of frailty as a predictor of outcomes in older critical care patients has been
reported recently. A multicenter, prospective observational study conducted in France
analyzed the impact of frailty on mortality rates [41]. The authors used two different frailty
scoring systems – the frailty phenotype (FP) and the clinical frailty score (CFS). They
reported that risk of mortality in the ICU was associated with a frailty phenotype of 3 or
greater (hazard ratio [HR] 3.3, 95% CI 1.6–6.6, p < 0.001) and that 6-month mortality was
associated with a CFS of 5 or greater (HR 2.4, 95% CI 1.49–3.87, p < 0.001). Zeng et al. found
a correlation between a frailty index (derived from a proportion of health deficit accumula-
tion) and mortality [42]. In this study, patients who died within 30 days had higher mean
frailty index scores (0.41 ± 0.11) than those who survived to 300 days (0.22 ± 0.11, F = 38.91,
p < 0.001). Additionally, each 1 percent increase in the index from the previous level was
associated with an 11 percent increase in the 30-day mortality risk (95% CI 7–15 percent).
No one with a frailty index score greater than 0.46 survived past 90 days.

More recently another group published their findings on a cohort of 122 patients.
In a prospective study, the authors used a frailty index derived from a comprehensive
geriatric assessment [43]. They characterized patients as robust if their frailty index score
was 0.25 or less, prefrail if the score was 0.25 to 0.40, and as frail if the score was greater than
0.40. Their findings suggest a lowermedian overall survival in the frail group compared with
prefrail and robust subjects (23, 31, and 140 days, p = 0.013, respectively). In the long term,
frail patients also had a significantly higher mortality rate than others at 3 months
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(80.8 percent) and 6 months (84.6 percent). Despite the fact that these studies used different
frailty scoring systems, it seems clear that frailty can be used as a predictor of outcome in
critically ill older adults. As such, it may provide guidance to the ICU team to make end-of-
life decisions regarding withholding or withdrawing life support [44]. Finally, because
preoperative frailty has been strongly correlated with postoperative outcomes in this
population [45,46], a strong argument can be made for obtaining frailty scores preopera-
tively to predict perioperative outcomes and guide care in the ICU in elderly patients.

Conclusion
Management of the geriatric patient in the perioperative period should be aimed at the
prevention of problems that might lead to complications and death. The concept of the PSH
applies well to this population because better coordination and standardization of care will
likely lead to achievement of the triple aim: improved patient experience, improved outcomes,
and reduced cost of care. In terms of preoperative evaluation, novel concepts such as frailty are
an excellent outcome predictor, and “prehabilitation” to optimize patients presenting for
surgery and anesthesia is emerging in the literature. Tailoring the anesthetic care intraopera-
tively to physiologic changes that occur in the elderly and to specific patient needs is important
as well. If the patient needs ICU care, this text provides chapters referring to those issues.
Similar to the preoperative period, frailty seems to correlate well in predicting postoperative
outcomes in geriatric patients who continue to require more and more critical care services.
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Chapter

14
Ethical Issues: Withdrawing,
Withholding, and Futility

Gail A. Van Norman

Key Points

• In mostWestern jurisdictions, withdrawing or withholding life-sustaining treatment
(LST) at a competent patient’s request is considered morally equivalent and is
supported ethically and legally.

• Decisions to withdraw or withhold therapies in opposition to patient/surrogate
wishes may be supportable on futility arguments but is more complex and subject to
legal challenge.

• The concept of futility may have limited usefulness at the bedside but is a critical
concept in understanding the perspectives of multiples parties in withdraw or
withhold decisions.

• Open communication and respectful discourse between the physician and patient or
their surrogates are prerequisites for resolving differences in values and finding an
appropriate therapeutic pathway.

Introduction
The intensive care unit (ICU) presents daily opportunities for ethical discussions, dilemmas,
and resolutions. Issues run the gamut from competency and informed consent to surrogate
decision making, futility, withdrawing and withholding of life sustaining treatments (LSTs),
and vital organ donation. This chapter focuses on several ethical concerns in end-of-life
decision making: withdrawing or withholding LSTs and futility.

Withholding or Withdrawing Life-Sustaining Treatments
Withholding a treatment refers to a decision to not start or escalate an intervention, and
withdrawing a treatment refers to discontinuing therapy that has already begun. In the ICU,
withdraw and withhold decisions concern a wide spectrum of interventions, e.g., artificial
hydration and nutrition, ventilator therapy, cardiopulmonary resuscitation, and pacemaker
or implantable cardioverter-defibrillator therapies. Regardless of the therapy involved, ethical
considerations underlying a withdraw or withhold decision stand on similar moral reasoning.
And despite long-standing consensus, there is still considerable disquiet among clinicians about
whether ethically relevant differences exist between withholding and withdrawing decisions.

In the late twentieth century, about half of ICU deaths occurred after withholding or
withdrawing LSTs [1]. Such decisions have increased over time (Figure 14.1) and now
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precede death for 70 to 93 percent of patients dying in ICUs worldwide [2–8]. Studies
indicate that a growing number of elderly patients across multiple cultures prefer to not
have prolonged LSTs [3]. Older age is a significant factor for withdraw and withhold
decisions by physicians and patients [10,11].

Moral Equivalency.DominantWestern ethical opinion concerning withdraw and withhold
decisions is based in amoral equivalence thesis [12]; if there is no moral difference between
withdrawing and withholding, then (all else being equal) there is no instance in which it
would be allowable to withhold a treatment but not to discontinue the same treatment once
it is started. Subjecting hopelessly ill patients to therapy that is unlikely to be beneficial
potentially violates at least two basic principles of Western medical ethics: beneficence
(doing good) and nonmaleficence (avoiding harm) [13,14]. Furthermore, if physicians
cannot ethically withdraw LSTs once they are started, then they may be less willing to
initiate treatments that have only a small potential for benefit out of concern that the patient
may become trapped into therapy that cannot be discontinued if burdens turn out later to be
too great [15]. Such trial therapy is an important strategy in treating and assessing prognosis
in critically ill patients. Foregoing trial treatments because of misconceptions regarding the
ethics of withdrawing them later could deny patients important potential benefits.

Many physicians believe that there is an important moral difference between with-
drawing and withholding, although the more experienced the physician is with dying
patients, the less likely they are to report either an ethical or a psychological difference
between such decisions [16]. In a survey of 1,100 US physicians, over 90 percent agreed that
requests from competent patients to withdraw treatments should be honored, but more
than half the physicians also reported that withdrawing LSTs was significantly more difficult
psychologically than withholding them [17]. The public appears much less willing than
physicians to withhold therapy (40.2 versus 82.3 percent, respectively), although a strong

0

10

20

30

40

50

60

70

1984 1985 1986 1987 1988

withdraw

withhold

Figure 14.1 Change in pattern of decisions to withdraw/withhold life-sustaining therapies in an ICU over time.
Withdraw decisions increased but remained significantly less common that withhold decisions. (Source: Koch
et al. [1].)
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majority (77.7 percent in one study) is willing to withdraw therapy [18]. Misgivings are not
unique to US physicians. Studies have shown reluctance with regard to withdrawing
compared with withholding of LSTs among German physicians [19] and that withdraw
decisions are less common than withhold decisions among Indian [20], Lebanese [21], and
Greek [22] intensivists.

Some argue that if a decision to start LSTS has been justly made, the patient has prima
facie claim to have therapy continued on the basis of prior acquisition, unless they
waive their claim [23]. This argument is based on the principle of physician fidelity to
their patients – however, it does not command the conclusion that withdrawing LSTs is
unethical—rather, to do so without the patient’s consent would be unethical. The question
remains as to what to do if therapy is determined to be “futile” and yet the patient refuses to
have it withdrawn. Does a patient have a “right” to demand futile therapy indefinitely
merely because it was begun under a later-disproven assumption that it would be beneficial?
Concern over futility is at the heart of many withholding and withdrawing dilemmas, and
yet it is a problematic concept, as will be discussed later.

Doing versus Allowing: Is There an Important Moral Difference? Another way of reason-
ing that there is an ethical difference between withholding and withdrawing LST is to draw
a moral distinction between acting (or doing) and allowing [24]. Not initiating LST allows
a patient to die of their disease, whereas withdrawing an established LST involves action by
the physician, who has foresight that the action will likely lead to the patient’s death.Actions,
it is argued, place moral culpability on the actor, whereas inaction supposedly places
responsibility for the outcomes on the patient or their health. This reasoning allows many
physicians to be comfortable with withholding LSTs, but it does not support withdrawing
treatment once it is begun. A problem with trying to distinguish doing from allowing is that
intention is a powerful, if not determinative, moral aspect of human decisions, and if
intentions and outcomes are the same, whether the physician decides to press a button
(e.g., the “off” button of a ventilator in the case of withdrawing) or decides not to press
a button (e.g., the “on” button of a ventilator in the case of withholding) seems morally
irrelevant.

In discrediting arguments that the morality of a decision lies in a distinction between
doing or merely allowing, ethicists have posed scenarios in which doing and allowing are
equally morally wrong or, alternatively, in which identical actions and outcomes are in fact
morally distinct. Rachels proposes that we consider Smith, who deliberately drowns his
nephew in a bathtub by holding him underwater, versus Jones, who observes that his
nephew is drowning in the bathtub and, though capable of rescuing him, deliberately stands
by and lets him drown [25]. Both men are culpable. Brock asks us to consider a different
scenario [26]. A disabled man who is ventilator dependent wishes to have the ventilator
stopped; his physician turns off the ventilator, and the man dies. In another scenario, the
man’s greedy nephew, anticipating a large inheritance, sneaks into the room at night and
turns off the ventilator, and theman dies. If the nephew’s act is a killing, then the doctor’s act
is also – both involve identical actions and outcomes. Yet most ethicists agree that these
scenarios are morally distinct. This is so is because not all features of an event are morally
relevant. The morally relevant features of Brock’s cases are not the actions that occur but the
motives and intentions driving each actor

In most Western countries, ethicists favor the view that doing and allowing are not
sufficient, and may even be immaterial, in identifying morally relevant differences of
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withholding and withdrawing treatments. The morally relevant features of withdrawing or
withholding are the motives and intentions of reducing patient suffering and/or other
burdens at end of life and of respect for patient autonomy. Since these motives are the
same with both decisions, there is widespread agreement that, in most cases, withdrawing
and withholding are morally equivalent [27–30]. This position has been supported by
numerous professional and international organizations [2,27–30] (see Table 14.1).

Legal Considerations. Legal support for withdrawing or withholding LSTs is based in the
United States on the ethical principle of respect for patient autonomy and in Constitutional
provisions that limit government interference and protect the right of individuals to
privacy. Between 1976 and 1990, the cases of Karen Ann Quinlan [31] and Nancy Cruzan
[32] culminated in the codification of a patient’s right to limit or refuse LST in the Federal
Patient Self-Determination Act of 1990 [33]. This law states that competent patients have
the right to refuse any medical therapy, including LST, and that hospitals must apprise
patients of these rights and act accordingly and without discrimination toward them.
US hospitals have been sanctioned for violations of this Act [34]. In 2005, the durability
of this legal decision was repeatedly tested as the case of Terry Schiavo wound its way
through state and federal courts [35]. Every single court determined that withdrawal of
a feeding tube was legally permissible even though it would result in Terry’s death. This
principle survived attempts to legislate mandatory continuance of Terry’s tube feedings by
the Florida state legislature and the US Congress; the US Supreme Court refused requests to
reconsider.

Cases have sometimes arisen in which physicians want to withdraw or withhold
a patient’s LSTs over objections by the patient or surrogates, as in the case of Helga
Wanglie [36,37]. In that case, the court ordered family wishes to be followed. It is important
to note that such cases do not question the legality of withdrawing or withholding LST but
whether it can or should be done against the patient’s or their surrogates’ will.

Sometimes physicians argue that they can unilaterally withdraw therapy if it has become
futile because it no longer constitutes legitimate medical therapy. Legal decisions in the
United States are not always in favor of the physician and depend on issues such as patient
perceptions of futility, confusion over definitions of brain death, and other complex

Table 14.1 Some Medical Societies Confirming Ethical Equivalency of Withdraw/Withhold Treatment Decisions

American Medical Association
American College of Physicians
American College of Chest Physicians
American College of Critical Care Medicine
American Thoracic Society
The Australian and New Zealand Intensive Care Society
College of Intensive Care Medicine of Australia and New Zealand
Austrian Association of Intensive Care Medicine
Belgian Society of Intensive Care Medicine
Canadian Critical Care Society
The Dutch Intensive Care Society
French Society of Intensive Care
The UK General Medical Council
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considerations. Western countries other than the United States tend to favor withdraw/
withhold practices, but legal decisions vary elsewhere; in Japan, for example, some withdraw
decisions have led to investigations of homicide [38].

Futility
Futility is often raised as a justification for withdrawing and withholding decisions.
Treatment that is perceived to be futile is common in the ICU setting; in one study,
approximately 20 percent of patients in the ICU were adjudged to have received futile
(11 percent) or probably futile (8.6 percent) care [39].

There is little, if any, disagreement among ethicists or clinicians that truly futile therapy
need not be offered, should not be knowingly undertaken, and is probably actually unethi-
cal. Care that fails to meet a patient’s goals or that maintains them in a suspended state of
intensive therapy but minimal function is not only costly but also runs counter to profes-
sional values in medicine and creates serious moral conflicts for all concerned. Finding
consensus regarding exactly what futility is, however, has proven problematic.

When a therapy presents a patient with more burdens than benefits, it should trigger
a discussion about the goals of therapy. Defining a treatment as futile implies that there are
few or no benefits to consider (or that at least the primary goal of the therapy will not be
met) and therefore the treatment will result primarily in harms. Offering such treatment
would be unethical because it would violate principles of beneficence and nonmaleficence,
both of which are pillar concepts in Western medical ethics. Intentionally providing futile
therapy furthermore threatens the value of veracity in medical practice; offering or pursuing
futile treatment encourages false hopes – which is akin to lying.

Limits of Physician Authority. Physician refusal to comply with patient and family
requests regarding treatments was not a prominent issue in medical ethics until the
1980s. The mid- to late twentieth century saw an evolution of medical decision making in
the United States from being physician-centric (paternalistic) to being patient-centric. This
change was driven by multiple factors: seemingly limitless advances in medical technology
that raised complex moral questions about the nature of medical care, a political climate in
the shadow of the Vietnam War in which antiauthoritarian philosophy flourished, and the
increasing prominence of personal autonomy as a cultural value [40,41].

At first, the primary limitation of physician authority arose over patients’ rights to refuse
medical therapies, as in the Quinlan [31] and Cruzan [32] cases, rather than on rights of
patients to demand specific treatments. Before long, however, such positive rights cases did
arise, as in the case of Helga Wanglie [36,37]. Although physicians were compelled to
continue to treat Mrs. Wanglie, the case raised questions about the limits of patient
autonomy in demanding LST.

Medical professionalism demands that therapy be based on sound medical theory and
supported by medical evidence of efficacy or at least a rational belief that the therapy has
potential to work. Physicians have ethical obligations recognized as far back as Plato to
refuse requested treatment that cannot restore health or meet realistic patient goals “even if
they were richer than Midas” [42]. Such obligations differentiate the physician’s role from
that of a mere technician who is compensated for delivering a service on demand.
The principle of respect for patient autonomy must be balanced against core principles
and values that define what medical practice is – and what it isn’t. Futility discussions have
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been important in elucidating physician concerns over “inappropriate” patient demands
and in reclaiming authority regarding the value of professional education and judgment in
the decision to treat.

The Cost of Patient Autonomy. Autonomy arguments are most convincing when the
harms from treatment are limited to the individual patient. However, for many medical
therapies, benefits and burdens are not limited to individuals but shared among commu-
nities. Financial costs are often spread out over some risk pool, such as an insurance cohort
or government payers, and thus become borne by society as a whole. Huynh et al. estimated
that the cost of care that was deemed futile in a study of five ICUs was in excess of
$2.6 million over one 90-day period. More concerning was the additional finding that
because of futile care being provided for a single patient in the study, treatment was delayed
significantly for 33 other patients who needed critical care, and at least two patients died
while waiting for transfer to other ICUs [39].

Defining Futility. Labeling a treatment as futile is powerful; many physicians assume that
it ostensibly allows them to unilaterally withhold or withdraw LSTs, since it is tantamount
to saying that to provide it is not compatible with the ethical practice of medicine [43].
The reality, however, is not so simple. One problem (if not the problem) in preventing or
discontinuing futile treatments lies in defining exactly what futile therapy is. As Tonelli
states, “despite the apparent acceptance of the existence of medically futile interventions,
physicians simply cannot agree on when they have a futile case in front of them” [44].

Clinical outcomes of therapy can only be tallied retrospectively. Defining futility pro-
spectively (e.g., should we withhold this treatment because it will be futile) rests in predict-
ing that treatment is unlikely to deliver desired results. But how improbable must a positive
outcome be to be considered futile? A commonly employed definition of futility is that
a physician must conclude that it will succeed in fewer than 1 of 100 cases [45]. This number
appears to have been extrapolated from assertions that a 1 percent difference in outcomes in
clinical research (p < 0.01) is usually considered insignificant [46]. However, in one study,
when physicians were asked to propose a probability of success below which a treatment
should be considered futile, the answers ranged from 0 to 60 percent. One of five physicians
chose a cutoff of 20 percent or higher [46]. Even after they were educated that futility is
a probability of success of less than 0.01, one-third of medical residents defined futility as
a probability of success of 5 percent [47].

What outcome should be determinative in defining futility? Even using
a “straightforward” outcome such as mortality presents problems because mortality is
notoriously difficult for physicians to predict accurately in hospitalized patients. Several
scoring systems (APACHE IV, SAPS 3, MPM III) have been shown to discriminate groups
of patients with elevated risks of mortality, but all of them overestimate final mortality rates
[48]. Physicians also overpredict mortality when using clinical judgment. In one study, the
positive predictive value of physicians’ 2-year mortality estimates was only 57.4 percent –
although, interestingly, this was comparable to the APACHE II and PREDICT risk-scoring
systems [49]. Predicting future outcomes is furthermore operator dependent; the less
experienced the physician, the less accurate is the prediction [50]. Neville et al. found that
ICU fellows determined LST was futile on average 2 days earlier than attendings, weren’t
able to cite as many reasons for their determination and were less accurate than attendings
in identifying patients who would die in hospital. Of note, overall accuracy of all physicians
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in the study was poor, irrespective of experience; a surprisingly high number of patients
adjudged to be receiving futile treatment (38 and 15 percent for fellows and attendings,
respectively) ended up surviving for more than 6 months [50]. Imbus and Zawaki reported
their experience in the Burn Center at UCLA, underscoring this point: “No burn is certainly
fatal until the patient dies . . . unable to prophesy and unwilling to strip the patient of any
hope he may cherish, we prefer to diagnose burns as ‘fatal’ or ‘hopeless’ only in retrospect”
[51]. This is not to say that they shrank from telling severely burned patients the truth. They
told their most severely injured patients that while they could not predict the future, to their
knowledge, “no one in the past of your age and with your size of burn has ever survived this
injury, either with or without maximal treatment.”

Is a therapy automatically futile if it fails to deliver the desired medical result? Or is it
only futile if it fails to meet the social and health goals of the patient and their family?
Patients and physicians often disagree about what makes a treatment futile and what
benefits are worth pursuing, even if survival is unlikely. A treatment that is unlikely to
extend life by more than a couple of days may be futile in the physician’s eyes, whereas the
patient may believe that even a few hours of extended time with family is a valuable goal
[52]. In such cases, the physician and patient are defining benefits and futility with different
measuring sticks – the physician is defining futility quantitatively, while the patient’s
surrogates are using qualitative definitions. Jecker describes the differences between quan-
titative and qualitative futility as follows: quantitative futility is the overwhelming prob-
ability that a treatment will fail to produce a desired physiologic effect, whereas qualitative
futility describes a situation in which, whether or not the physiologic effect can be achieved,
it does not offer a significant benefit to the patient [37]. In the former formulation of futility,
evidence and physician experience predominate. In the latter formulation of futility, patient
perception and values prevail.

Disagreements between physicians and patients regarding futility are based on differ-
ences in values between the patient and physician [53]. Disentangling values disagreements
requires discussion, mutual respect, and negotiation [54], and persistent disagreements
sometimes reach the courts. Some legislative efforts, such as the Texas Advance Directive
Act (TADA), try to strike a balance between patient and physician interests by codifying
a physician’s authority to withhold or withdraw treatments they deem futile, despite
disagreement with the patient or their surrogates [55,56].

Should the Concept of Futility Be Retired? Futility is a critical notion when exploring the
philosophical nature of healthcare decision making. However, without consensus on
a definition of futility that is useful at the bedside for directing medical care and resolving
values disputes, many ethicists now believe that the term should be set aside, at least in
clinical care situations [41,52]. Gallagher et al. suggest that futility is not an appropriate
concept on which to base treatment discussions [57]. They and others propose that the issue
of whether a medical treatment should be initiated or continued, regardless of whether
requested or desired by the patient, the family, or the physician, should rest in under-
standing where that treatment lies “on the continuum of medical appropriateness” [57,58].
A determination of what treatments are appropriate will vary depending on the disease, the
treatment, the anticipated outcomes, and the values of the patient, family, and physicians
involved. Thus the “appropriateness” of initiating or continuing a medical treatment is
unique to each patient.
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Recommendations for Practice: Approaching the Patient about
Futility
Susan Rubin suggests that when faced with a conflict between physician and patient about
the futility of a treatment, it can be helpful to stop and ask the following two-part question:
“Treatment is futile with respect to what goal? And whose goal is that?” [43]. This may invite
conversations about the goals and values of both the patient and physician that are more
meaningful in moving toward resolution.

Imbus and Zawacki based their approach to severely burned patients in their conviction
that “the decision to begin or withhold maximal therapeutic effort is more of an ethical than
a medical judgment” [51]. They employed a nonjudgmental system of shared decision
making with critically burned patients that recognized and honored the fact that different
people value and respond to medical data differently. Most of their patients, when faced
with a decision regarding treatment for burns from which there had been no reported
survivors, declined aggressive therapy and opted for palliative care. But an occasional
patient chose the “minority” option to pursue maximal intervention, and as Rubin points
out, this should serve to remind us that we err if we believe that a “singular vision of a good
death” applies to everyone regardless of his or her values [43]. In the words ofWeisman, “[t]
he pervasive dread in dying seems not only to be the extinction of consciousness, but the fear
that the death we die may not be our own. This is the singular distinction between death as
a property of life and being put to death” [59].
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Chapter

15
Geriatric Critical Care Units: Model
for Interdisciplinary Approach

Steven R. Allen and Lewis J. Kaplan

Key Points

• The interdisciplinary team members of a geriatric critical care unit (GCCU) should
include physician, nurses, registered dietitian, physical and occupational therapy,
respiratory therapy, pharmacist, and family members.

• Structural elements of a geriatric-focused intensive care unit (ICU) are meticulously
designed to ensure optimal and efficient use of the space that also targets the specific
needs of the elderly patients.

• A quiet environment at all times of the day is essential to the adequate rest and
recovery of elderly patients.

• Monitor alarms should be adjusted to patient’s baseline status, and frequency of
alarms must be minimized to avoid unwarranted “noise,” which can exacerbate sleep
disturbances and potentially increase the frequency of delirium.

• Palliative care medicine (PCM) may be ideal to help manage a variety of nonmedical
issues experienced by the family, such as guilt, anger, fear, sparse information,
unrealistic expectations, misperceptions, life circumstance adjustment, and conflict
resolution. Indeed, having a PCM team member regularly round with the ICU team
in a geriatric-focused ICU helps enable appropriate medical care.

• Postdischarge medication should be resumed as soon as possible because failure to
resume preadmission medications leads to untoward events, ranging from
withdrawal syndromes, to hyper- or hypoglycemia, to heart failure.

Introduction
The geriatric population, defined as patients 65 years of age and older, is growing at an
unprecedented rate within the United States and other Western nations. This population
has experienced a nearly 25 percent increase from 2003 to 2013 (35.9 million in 2003 to
44.7 million in 2013). This population is expected to double to nearly 98 million by 2060.
The geriatric population will make up 21.4 percent of the US population by 2040.
The “older” geriatric population (85 years of age and older) is expected to triple from
6.1 million in 2013 to 14.6 million in 2040 [1]. As this “Silver Tsunami” approaches, it is
critical to thoroughly understand this population and the medical complexities inherent to
it in order to optimize care of critically ill elderly patients.
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The correlation between chronologic and physiologic age is not necessarily linear.
By way of example, Ma et al. investigated the correlation between aging and insulin
secretion and demonstrated a decline from maturation to approximately 45 years of age,
with stabilization in decline until after 55 years of age, followed by a further decline [2].
The accumulation of various physiologic conditions andmedical diseases that may be either
spontaneous (genetic mutations) or acquired (external exposures) may accelerate one’s
physiologic age in relation to chronologic age. The interactions and processes that influence
how an individual is affected by the accumulation of physiologic insults is complex and
poorly understood. Accelerated physiologic age is likely to diminish the reserve with which
one may address further challenges such as septic shock, injury, or stroke; of course, the
inverse is also true and may augment recovery at an unexpectedly rapid pace. This
discrepancy in both chronologic and physiologic ages results in differences in morbidity
and mortality among cohorts and appears to be more pronounced among the elderly.

Elderly patients with a more advanced physiologic age may be described as being more
frail than those with a “younger” physiologic age. Frailty has a variety of dimensions and
definitions, but common features of frailty include weight loss, decreased strength, exhaus-
tion, slowness, and reduced activity level [3]. Other dimensions associated with frailty include
cognitive impairment, falls, anemia, and increased numbers of identified comorbidities [4].
This state of weakness leads one to be vulnerable to various stressors andmay bemanifested as
healthcare-related morbidity and mortality, including worse perioperative outcomes [5–8].
Multiple instruments that assess frailty have been developed to objectively assess for frailty.
The Comprehensive Geriatric Assessment (CGA) encompasses all areas of geriatric frailty,
including cognitive function, mobility, activities of daily living (ADLs) functioning, mood,
and nutrition. Because the CGA is labor intensive, other shorter questionnaires have been
developed to assess frailty in elderly individuals and include the Hopkins Frailty Score, the
Edmonton Frail Scale, and the Groningen Frailty Indicator (GFI). One study demonstrated
that a score of greater than 3 on the GFI is associated with increased in-hospital mortality,
increased serious complications, and increased hospital length of stay [9]. These instruments
to assess frailty are invaluable in assessing operative risk so as to appropriately inform patients
and families of associated risks with operative intervention.

Due to the unique aspects of the elderly population, including significant differences
in physiologic age that may not correspond to chronologic age and the associated frailty,
the elderly population requires special consideration to optimize outcomes after illness
or surgical interventions and avoid nonbeneficial outcomes such as organ failure, nur-
sing home residence, cognitive failure, chronic pain, failed obligations, long length of
stay, and death in a chronic care facility [10]. Much as in other domains where targeted
teams with focused areas of excellence have improved outcomes, geriatric critical care
follows suit.

Components of a Successful Interdisciplinary Geriatric Critical
Care Unit (GCCU)
TeamMembers. The interdisciplinary teammembers of a GCCU are nearly indistinguish-
able from those that comprise any other high-functioning critical care unit with an
important exception. A GCCU also specifically incorporates additional key teammembers
possessing specific expertise in geriatric medical and surgical care. These unique team
members are the key in addressing the spectrum of care needs seen in critically ill geriatric
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patients in contrast to their more youthful counterparts. We will discuss the team
members and their specific roles, as well as the structural components on the ICU in
which they practice, in further detail below. It is important to recognize that most facilities
will not have a separate and specifically designated GCCU but will instead have
a functional one, as defined by the presence of the GCCU team in a more general ICU
setting (Figure 15.1).

Structural Elements of a Geriatric-Focused ICU. The physical organization that makes up
the geriatric-focused ICU is just as critical as the team that surrounds and cares for the
patient. This unit must be meticulously designed to ensure optimal and efficient use of the
space that also targets the specific needs of the elderly patients. As with all ICUs, the rooms
should be arranged so that patients are easily visible from multiple vantage points within
the unit. This ensures that all patients are adequately observed, given the high potential for
delirium in the elderly. All rooms should have direct access to large windows with outside
views and access to bright natural light. This will optimize attempts to normalize the
sleep-wake cycle for these patients, in whom sleep hygiene is critical. Additionally, each
room should have large sliding-glass doors that allow adequate noise control while closed
and allow adequate visualization of the patient while drawn. A quiet environment at all
times of the day is essential to the adequate rest and recovery of elderly patients.
Additionally, monitor alarms should be adjusted to patient’s baseline status and frequency
of alarms must be minimized. This unwarranted “noise” can exacerbate sleep

Geriatric 
ICU 

Patient

Physician

RN

PharmD

Resp Therapy

PT/OT

Palliative
Care

Geriatrician

Dietitian

Case 
Management

Social Services

Pastoral Care

Figure 15.1 Geriatric ICU multiprofessional team. This diagram demonstrates the multiplicity of team members
who interact with geriatric ICU patients for optimal outcomes.
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disturbances, in a population that is critically dependent on restful sleep to minimize
frequency of delirium.

Hygiene is also an essential element of patients within a geriatric specific ICU. Patients
and care providers must have ready access to sinks, soap and hand sanitizer upon entry and
exit from each of the patient’s room. Each patient roommust be equipped with a shower and
toilet, that are accessible and safety hand-rails, non-slip flooring, and sturdy seating for
safety. Showers should be ideally large enough to accommodate the patient and a care
provider for hygiene assistance, as well as physical or occupational therapy, for training in
the use of assistive devices for hygiene. Toilets should be raised to ensure the patient’s ability
to sit comfortably and stand up, without leading to imbalance and inadvertent fall.
The room should also be large enough to accommodate family members. Of necessity,
a respite area for the family is also ideal, especially during prolonged periods of critical
illness. A variety of ICU designs that specifically address these elements are available from
different critical care organizations.

Other elements to optimize the effectiveness of a geriatric specific intensive care unit
include large font, high contrast signage, within the rooms that facilitate frequent re-
orientation. A mechanism to update the day, date and time as well as the shift based care
provider are essential to enhance orientation; attention should be paid to ensuring
accuracy and frequent updating as necessary, especially with provider changes.
A mechanism to communicate daily goals and the changing treatment plan to both the
patient and the patient’s family members helps shape expectations and provides oppor-
tunities for family input and education. Specific attention is required to ensure that
information is visible and large enough to be readable by the potentially visually impaired
patient.

Functional Elements of a Geriatric-Focused ICU. There are multiple functional elements
within a geriatric-specific ICU that must come together to ensure effective and efficient care
and to optimize outcomes. These elements include physical therapy on site, as well as
various elements that facilitate adequate communication between care providers, patients,
and their families. Assistive devices such as prescription glasses, electronic devices that
speak for the patient or translate between languages, hearing aids that enable effective
communication with those who may have impaired auditory or vocal capabilities should
not be ignored. A large number of apps and other programs are available for laptops, tablets,
and handheld devices. Larger televisionmonitors and controls that accommodate decreased
grip strength, as well as reduced digital dexterity from arthritis and related conditions,
further enable comfort and communication and reduce frustration for patients with impair-
ments. They further provide geriatric patients with some control over their environment at
a time when they have become dependent in an unfamiliar hospital/critical care
environment.

The physical plant of the ICU designed for geriatric patients should have adequate
conference room space that is accessible to all teammembers. This space should be linked to
the electronic health record (including imaging), be suitable for educational conference
presentations, and be able to display Web-based educational presentations as well.
The space is ideally tasked as a confidential space for care transition handoffs and inter-
disciplinary care planning. A separate space that is more comfortable and less formal may be
ideal for family meetings, but the conference space may be used in this way for larger
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meetings as well. Of course, daily plans and goals of care also may be part of the rounding
process to continue to engage the patient in those plans when appropriate.

Daily Operations
Due to the complexities of the elderly surgical patient who requires intensive care in the
perioperative period, multiple teams and care providers are crucial to the comprehen-
sive care of these patients. This team approach ensures that every aspect of the patient’s
care is optimized. Ideally, a representative from each discipline having an impact on
care would be present on rounds to ensure that their domain issues are addressed and
incorporated seamlessly into the daily overall care plan. Recognizing that some mem-
bers may be incorporated into teams in more than one ICU, a mechanism to commu-
nicate plans and queries to team members who cannot attend rounds is essential. White
boards, glass door panels, and goals sheets (electronic and paper) have all been used
successfully.

Interprofessional rounds should include, but are not limited to, physician, nurses,
registered dietitian, physical and occupational therapy, respiratory therapy, pharmacist,
and family members who are integral to the care of each elderly patient. Input from each
team member is necessary to ensure that a single, congruent plan is developed. This
prevents potential breakdowns in communication between different team members, allows
each team member to voice their specific plans for the day, and addresses any questions/
concerns associated with each patient’s care plan.

Family involvement in daily rounds as members of the care team is also beneficial.
Incorporation of the family not only ensures that the daily care plan is clearly commu-
nicated but also allows real-time discussion and problem solving among other members of
the team and the family. The elaboration of goals of care is facilitated by having an
engaged and informed family. In fact, such discussions may be incorporated into rounds
and eliminate the potential stigma associated with the “afternoon family meeting.”
Moreover, having direct family communication on rounds appears to reduce the number
of nurse phone calls during the day for information gathering, thus allowingmore time for
the bedside care. Designating a spokesperson helps facilitate intrafamily communication
as well. Since the geriatric-focused ICU will likely use several consultants on a regular
basis, having the abundance of information funneled to the family at a regular time is not
only efficient but also sets reasonable expectations for the patient (when they can parti-
cipate), the family, and team members. Teams expand when there are concomitant
medical conditions requiring specialist evaluation that are not the primary reason for
admission.

Elderly patients who require intensive care for various surgical issues often have a long
list of preexisting medical conditions that complicate the care of the presenting problem.
Additionally, patients with serious surgical disease processes may do so with little to no
previous medical attention, leading to new diagnoses of a variety of preexisting but
undiagnosed conditions. Therefore, the newly diagnosed medical comorbidities are often
poorly controlled and make management of the presenting surgical disease process much
more difficult. That the elderly, even at an advanced age, substantially engage with surgical
services is illustrated by an exploration of Medicare decedents who in 2008 (n = 1,802,029
patients) were parsed by those who had surgery within 1 year (31.9 percent), 1 month
(18.8 percent), and 1 week (8 percent) of their death [11]. Decedents spanned 65 to 98 years
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of age. Not surprisingly, those who were operated on had a longer ICU stay and hospital
length of stay, were more frequently readmitted, and did so at a higher total cost. The ability
to tolerate and recover from surgical management is influenced by comorbidities and their
impact on the elderly patient – an analysis that can potentially be assessed using a frailty
metric.

Assessment of Frailty. Frailty, defined as physiologic decline across multiple organ
systems, making the patient vulnerable to even minor external stressors [12], has
a prevalence of nearly 15 percent in those 65 years of age and older and up to 30 percent
in patient older than 85 years. Chronic illnesses have been found to worsen frailty
significantly, as demonstrated in a study by Bandeen-Roche et al [13]. Within this
study, for each chronic condition there was a steep prevalence gradient from robust (or
nonfrail) to frail. This increase was most striking for diabetes, heart disease, pulmonary
disease, osteoporosis, and stroke. Additionally, those who require assistance in ADLs were
significantly more likely to be considered frail than those who lived independently. Non-
nursing-home patients who live in residential care settings are twice as likely to be frail
than their independent counterparts [13].

Frail older adults are at major risk for postoperative complications. Hence the
geriatric population should be assessed, if possible, in the preoperative setting for frailty.
There are several instruments to measure frailty. Examples include the timed Up and
Go (TUG) test, the Groningen Frailty Index (Table 15.1), and the Edmonton Frailty
Scale (EFS), which has been validated in the preoperative setting for elective surgery.
An exhaustive review by de Vries et al. identified the Frailty Index as the most suitable
instrument as an evaluative outcome measure although there are a large number of
other instruments that may be useful [14]. Based on the sound evidence that frail
surgical patients do worse than more robust patients, preoperative evaluation should
include assessment of frailty for both prognostic and therapeutic considerations. With
this evaluation of frailty, patients and families can be appropriately counseled as to
realistic outcomes and potential complications. Additionally, from a functional stand-
point, those deemed frail may be referred for early and intensive physical therapy
evaluation and treatment (i.e., optimization) to improve acute postsurgical outcomes
and improve long-term quality of life. Therefore, frailty assessment in geriatric-specific
ICUs should be performed on every patient when appropriate to determine a baseline
and a care plan consistent with those findings to improve outcomes.

Treatment of Preexisting Conditions. Many elderly patients present with chronic .preex-
isting conditions, and many more are found to have previously unrecognized medical
conditions such as poorly controlled diabetes, chronic obstructive pulmonary disease
(COPD), and coronary artery disease on admission to the ICU. For those with known
disease, the intensivist must decide on the advisability of continuing or revising
the preexisting regimen. One must weigh the risks and benefits for each medication as
well as assess the potential interactions of home medications with the therapeutic agents
being used to treat the acute processes that led to the admission. Prime examples include
vitamin K antagonists or antiplatelet agents being used for atrial fibrillation or other
thromboembolism prevention. Often the decision has already been made prior to elective
admission, and the intensivist must instead decide on the timing of resumption of those
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agents. Having an integrated team structure in the geriatric-focused ICU that includes the
surgical team helps facilitate discussions such as those in the table.

Due to the complexities of medication management among the elderly population,
a geriatric-focused pharmacist is an ideal ICU team member. The specialized phar-
macist may assist in medication reconciliation and appropriate dosing. Pharmacists
who specialize in the care of critically ill elderly patients understand the physiologic
and pharmacologic changes that accompany aging. Understanding the changes in
renal and hepatic function and the effect of these changes on medication clearance
assist in the appropriate dosing of such medications. These pharmacists may assist
with negative medication interactions and counsel physicians and the care team about
adverse reactions that may occur with certain medications among older patients (i.e.,
benzodiazepines and any number of medications contained on the Beers list).
In a study of 90 patients taking five or more medications (excluding those with
heart failure), the home medication list was compared with the list proposed by the
acute care facility. A total of 1,045 home medications were reviewed, of which 290

Table 15.1 Domains Assessed by the Groningen Frailty Index

Mobility Can the person perform the following tasks without
assistance:

1. Grocery shopping
2. Walking outside the house
3. Getting (un)dressed
4. Visiting restroom

Vision Does the patient encounter problems due to
impaired vision?

Hearing Does the patient encounter problems due to
impaired hearing?

Nutrition Has the patient undergone unintentional weight loss
over the past 6 months (6 kg/6 months or 3 kg/3
months)?

Comorbidity Does the patient use four or more types of
medications?

Cognition Does the patient have problems or complaints about
memory?

Psychosocial 1. Does the patient feel emptiness?
2. Does the patient ever miss the presence of

people?
3. Does the patient feel left alone?
4. Has the patient felt down or depressed lately?
5. Has the patient felt nervous or anxious?

Physical fitness How would the patient rate their own physical
fitness (0–10; 0=very bad, 10=very good)?

(Source: Adapted from Bielderman et al. [43].)
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discrepancies were noted between what the patients were prescribed preadmission and
what the providers believed the patients were prescribed, with the most common
discrepancy being dose optimization (45.5 percent). The remainder of the discrepan-
cies included adding therapy (27.6 percent), other (15.2 percent), and discontinuing
therapy (11.7 percent). Pharmacists intervened in nearly 50 percent of the cohort with
a projected cost saving of more than $2 million in a single facility, assuming an
average of 1.6 interventions per patient and an average cost of $8,750 per preventable
adverse drug event [15].

Postdischarge medication resumption is a key event that benefits from a systems-
based approach. Failure to resume preadmission medications leads to untoward
events ranging from withdrawal syndromes, to hyper- or hypoglycemia, to heart
failure [16]. Factors associated with this unique failure include rushed discharges,
sparse discharge orders, compromised patient or caregiver cognition, and lack of
discharge medication counseling and medication reconciliation. A dedicated phar-
macist or advanced practice providers can be anticipated to play a key role in the
successful transition from inpatient to outpatient for those receiving care in
a geriatric-focused ICU [17].

Assessment of Pain and Delirium
Delirium. Delirium is defined as an acute change in mental status that waxes and wanes and
is due to a generalized medical condition. The incidence of delirium ranges from 14 to
56 percent of all hospitalized patients, and it affects up to 80 percent of patients in ICUs,
with a higher incidence among the elderly population. Additionally, delirium is associated
with a nearly 33 percent mortality [18].

There are multiple classifications of delirium that include hyperactive, hypoactive,
and mixed forms. While hyperactive delirium is easy to identify based on the patient’s
frequently agitated state, hypoactive may be more difficult to identify and diagnose.
In hypoactive delirium, patients often appear to be sleeping or have a depressed
mental status. Thus this form of delirium goes unrecognized and untreated. For
these reasons and because delirium is so prevalent among the geriatric population,
patients should be assessed for delirium every shift by the nursing staff. Objective
measures of delirium should be used to make a formal diagnosis. To diagnose
delirium of all types, the patients must maintain a reasonable level of consciousness,
as assessed by the Richmond Agitation and Sedation Scale (RASS). Once this has been
established, objective methods to evaluate for delirium include the Delirium Rating
Scale–Revised (DRS-R), the Intensive Care Delirium Symptoms Checklist (ICDSC),
and the Memorial Delirium Assessment Scale (MDAS). However, the Confusion
Assessment Method–ICU (CAM-ICU) has become the assessment method of choice
in many ICUs due to its ease of administration. These instruments were discussed in
greater detail in Chapter 5.

Logically, the best treatment for delirium is the prevention of delirium. There are
multiple measures that can be implemented in the geriatric-specific ICU to prevent delir-
ium. Patients with hearing or visual deficits should have access to their hearing aids and
eyeglasses. This allows an easier time with patient communication and reorientation as
needed. Patients should be routinely reoriented to person, place, date, and time instead of
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when they are recognized to be disoriented; reclaiming orientation is more difficult than
maintaining it in the first place.

Another nonpharmacologic means of delirium prevention is the maintenance of
a normal sleep-wake cycle. This can be accomplished with environmental interventions
such as shades that can block out ambient light during the evening hours. Televisions should
be turned off at night, and when appropriate, doors should be closed to reduce noise from
within the nursing station of the ICU. Staff should make a conscious effort to minimize the
noise level in the unit to allow for better sleep hygiene. Additionally, adjusting nursing
workflow to avoid a scheduled hourly interaction with the patient allows for sleep instead of
establishing a night of broken sleep as part of the workflow plan. For example, avoid
changing intravenous (IV) tubing at 11 P.M., IV site evaluation and relabeling at 2 A.M.,
bed bath at 4 A.M., and others and instead move tasks that can be scheduled to occur during
waking hours instead of at night. Similarly, morning chest x-rays can be obtained at 6 A.M.
instead of 5 A.M., and laboratory draws can occur after the chest x-ray. This may require
altering shifts for allied health personnel or adopting some of the work by the unit staff, but
it should be an essential part of an overall plan for the geriatric-focused ICU.

Should delirium develop within a geriatric patient, life-threatening yet reversible med-
ical conditions such as hypoxia, sepsis, myocardial infarction, and so on should be quickly
identified. Pharmacologic treatment ideally should be a last resort to minimize further
consequences of delirium. Staff should differentiate between pain, anxiety, and agitation.
Pain should be treated with an appropriate analgesic regimen that may include acetamino-
phen, opiates, or nonsteroidal agents. Anxiety should be treated with anxiolytics when
necessary. Of note, some elderly patients may demonstrate paradoxical agitation instead of
sedation when treated with benzodiazepine agents; the at-risk population cannot be more
precisely defined at present. Therefore, many recommend using typical or atypical anti-
psychotic agents as the preferred alternative to benzodiazepines in the elderly. One notable
exception is the elderly patient who is already on a regular dose of benzodiazepine, for
whom cessation may precipitate withdrawal symptoms; it is unlikely that this patient
population will demonstrate paradoxical agitation to continuation therapy [19]. Finally,
agitation should be addressed with reassurance and reorientation, with sedatives adminis-
tered for failure of nonpharmacologic therapy, or to preserve patient or staff safety.

Pain Management. Pain is a common accompaniment to surgical and nonsurgical therapy.
Edema is an often-overlooked source of constant discomfort from cutaneous nerve stretch
and activation of nociceptors. Nonetheless, older patients may not report nor perceive pain
in the same way as younger patients. Elderly patients may have a difficult time in describing
or acknowledging pain. Patients may manifest signs of pain with increased heart rate or
other arrhythmias or hypertension. Patients with chronic cognitive impairment such as
Alzheimer’s dementia may be nonverbal and difficult to assess. Subtle signs such as those
described in addition to facial signs (grimacing or wincing on abdominal examination) or
voluntary or even involuntary guarding may be the only indication that the patient is in
pain.

Best practices for pain control in elderly patients are to ensure adequate pain control
from the onset. One must attempt to minimize opioid usage. This may be accomplished by
adding standing acetaminophen to the pain regimen if there are no contraindications.
Furthermore, if the patient has normal renal function, one may consider a short course of
nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen or ketorolac to further
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minimize opioid usage. Among elderly patients with injuries such as rib fractures, the
aggressive use of paravertebral blocks or thoracic epidurals is invaluable to optimize pain
control without inadvertent sedation. Adequate pain control is crucial to ensure good
pulmonary toilet to minimize the risk of pneumonia and atelectasis [20,21], as well as
support early mobilization and ambulation to prevent venous thromboembolic events.
Opioids and bed rest can exacerbate constipation, which can cause pain and significant
discomfort. Constipation should be prevented with a regular bowel regimen. Stool hydrants
are essential due to the decreased thirst sensing that accompanies aging and should be
paired with an agent to enhance stool flow; recall that the colon excels at salt and water
absorption to aid in the repair of plasma hyperosmolar states such as dehydration. Lavage
solutions help to avoid the sequelae of laxative abuse and do provide some water for stool
rehydration.

Effects of Delirium and Pain on Underlying Cognitive Deficits and Dementia.
Medications often administered to surgical and critically ill patients include sedatives, opioids,
and neuromuscular blocking (NMB) agents, all of which have profound effects on long-term
neuropsychological function and have been shown to lead to long-term cognitive impairment
after a critical illness (LTCI-CI). Each of these medications has been shown to be associated
with worsened delirium in these populations, especially the elderly. While NMB agents are less
frequently used in the ICU than in previous decades, they may be used in the management of
acute respiratory distress syndrome (ARDS). NMB agents are associated with persistent
weakness that may be difficult to distinguish from the polyneuropathy of critical illness or
the weakness that accompanies the post–intensive care syndrome. Daily sedation interruption
to assess the integrity of the neuroaxis has been demonstrated to be beneficial in all populations
and should be incorporated into geriatric-focused ICU care [22].

Preexisting cognitive impairment and dementia have been shown to worsen in the face
of even a single episode of delirium. These effects seem to have long-term consequences that
span up to 6 years after the index hospitalization [23–25]. It is unclear whether daily or
every-shift sedation holidays will have a salutary impact on the occurrence of delirium, but
they have been noted to reduce the number of days on the ventilator. Relatedly, delirium has
been recently demonstrated to be increased in patients who are cared for in a remote ICU
compared with the parent ICU of the managing team [26]; multiple factors likely influence
this observation, including remote care by telephone, sequenced care that is at the end of
rounds, and others that have yet to be established that directly relate to causality. However,
these observations argue quite strongly for cohorting geriatric patients in an ICU focused on
their care and the systematic abrogation of confounders to their care.

Pulmonary Support in the Elderly
Pulmonary support in the elderly is essentially the same as that for their younger counter-
parts with a few notable exceptions. The exceptions may be conveniently grouped into the
following categories:

1. Due to decreased muscle mass that accompanies aging, for any given amount of lean
body mass loss, there will be a disproportionate decrease in strength and endurance.

2. Loss of muscle mass as well as changes in dentition may hinder obtaining an adequate
seal when using full-face-mask noninvasive ventilation.
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3. Increases is oral biofilm due to prostheses, dehydration, and diabetes may change the
flora associated with aspiration-related pneumonia and should be considered when
selecting empirical antibiotics for new pulmonary infections.

Because of these three elements, a concentrated effort at liberation from mechanical
ventilation as rapidly as possible makes intuitive sense, as do efforts at maintenance of
lean body mass. Accordingly, intensive physical therapy, including, but not limited to, early
ambulation, ambulation and exercise while mechanically ventilated, early nutritional sup-
port, and oral hygiene are interventions that are internally consistent and improve out-
comes [27]. Recent efforts have dispelled many of the myths that pervaded the previous
practice of immobilization of ICU patients, demonstrating that it is indeed feasible to
ambulate and exercise patients while mechanically ventilated or on ventricular assist devices
[28]. A recent review of biofilm is available for the interested reader that outlines essential
features of biofilms and current approaches to management [29].

Nutritional Support for the Elderly
Nutritional support is critical to maintain lean body mass as well as enable host defenses.
It is important to note that most trials will specifically exclude very elderly patients from
inclusion. Therefore, little data exist to guide decision making in an evidence-based
medicine fashion. However, there are certain elements from trial-derived data that may
be translated to the geriatric population. According to the Choosing Wisely Campaign
recommendations for critical care practitioners, nutritional support need not be provided
prior to day 7 in the nutritionally replete – this recommendation, albeit in a backwards
fashion, supports early nutritional support of the elderly because they are infrequently
nutritionally replete [30]. Given the inherent decreases in host defense competency that
accompany aging – comorbidities, malnutrition, and, of course, critical illness – use
of the gastrointestinal tract for nutritional support reduces infections in the elderly in the
ICU. Moreover, luminal nutritional support also serves to nourish the gut mucosa and
preserves the mucosal barrier function that is important in limiting translocation [31].
Preservation of the glycocalyx also enables the use of nonelemental luminal feeds as opposed
to elemental formulations that provide substances that are directly absorbed across the
lumen without needing further processing. Of course, using nonelemental feeds in a patient
whose glycocalyx is not intact (i.e., NPO > 3 days) may lead to diarrhea, and luminal support
should be decreased or stopped while the increased stool flow is evaluated [32,33].

Recognizing that low albumin may be a reflection of dilution, consumption, or
a response to increases in plasma negative charge, other measures of nutritional health
are appropriate [34]. Prealbumin is a better indicator but needs to be measured in
conjunction with C-reactive protein (CRP) because these two measures covary inversely;
indeed, the fidelity of prealbumin as a measure of nutritional health requires a normal
CRP level for accurate interpretation [35]. For patients with long ICU stays, it is also
appropriate to assess whether the targeted nutritional prescription is meeting the patient’s
protein needs by using assays such as the urinary urea nitrogen assay, with the goal of
positive nitrogen balance [36]. It is important to recall that critical illness should not be
accompanied by dietary restriction of protein, even while non-protein-caloric intake may
be reduced (i.e., 22 cal/kg per day) to avoid hepatic steatosis [37]. Commonly, increased
protein targets such as 1.5 to 2.0 g protein/kg per day are appropriate for those with
critical illness, especially those with septic shock or multitrauma. Consultation with
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a registered dietitian is key to establishing a program that incorporates assessment,
prescription, and monitoring in a consistent framework [38]. Furthermore, often over-
looked are vitamin and micronutrient deficiencies such as those of iron, vitamin D,
vitamin B12, zinc, selenium, and other micronutrients. Empirical therapy approaches as
well as those that engage in specific level monitoring have been successfully deployed to
enhance outcomes in the elderly [39,40].

Palliative Care Program
While it would be ideal to have the goals of care established for every patient on ICU
admission, this is not realistic. For many, the ICU admission is unexpected and is coupled
with serious illness, whose outcome is unable to be reliably anticipated. Furthermore, even if
the condition is treatable, the interventions required to do so may not be acceptable to the
patient, if their thoughts regarding those interventions were able to be known. Critical illness
is often accompanied by the need for endotracheal intubation, analgesics, and sedatives and is
frequently the result of infection and other conditions that affect neurologic status. Therefore,
the patient is often unable to articulate their desires about their situation and their goals of
care. Consequently, the clinician is driven to accept surrogate judgment from familymembers
or others (ideally the individual with the healthcare power of attorney) regarding goals of
care. Since discussions regarding a critically ill individual are often complex and, in the case of
an elder, may be complicated by a variety of nonmedical issues, including but not limited to
guilt, anger, fear, sparse information, unrealistic expectations, and misperceptions, aid in
navigating many of these issues is optimal. Palliative care medicine (PCM) may be ideal to
help sort out these issues and serve as a liaison for the family. Indeed, having a PCM team
member regularly round with the ICU team in a geriatric-focused ICU makes not only
intuitive sense but also helps enable appropriate medical care.

While palliative care is most often asked to address end-of-life issues, such teams also
engage in multiple other functions, including life circumstance adjustment and conflict
resolution. New diagnoses of cancer, progression to dialysis requiring renal failure, limb
loss, transition to supervised living, and nursing home entry are but a few of the life
circumstance adjustments with which palliative care medicine may be of service. Pain,
anxiety, and depression commonly accompany such life changes, and the expertise of the
PCM team is invaluable in navigating not only the inpatient care, but care coordination in
the outpatient arena as well. Indeed, PCM engagement in the ICU is linked with improved
resource utilization, increased life span, and enhanced patient satisfaction [41]. Despite
many intensivists possessing expertise at managing acute pain, their involvement with the
patient often ends with transfer out of the ICU. PCM continues to engage with the patient
and family, as appropriate, beyond the confines of the ICU, providing a necessary link
between all the care providers and the patient-family unit, an important element because
palliative care extends beyond the hospital inpatient care domain.

All too often end-of-life discussions are fraught with differences of opinion, misaligned
expectations, and seemingly irreconcilable differences in perspective between patients and
families, among family members, and between clinicians and different clinical teams. PCM
team members often serve as intermediaries between the teams or individuals in conflict.
By having spent considerable time with each of the individuals involved, PCM team
members are often able to understand each of the perspectives that color the varying
positions and help those in conflict to reach a resolution. However, such a role places the
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PCM team member in a potentially awkward position because they are involved in direct
care as well. Instead, a conflict-management teammay be helpful as an alternative approach
to conflict resolution because such an approach allows PCM team members to retain their
role as part of the treatment instead of becoming a mediator.

Conflict-Management Teams in the ICU
As an alternative to using PCM team members to pursue apparently intractable conflict
resolution in the ICU, conflict mediation and conflict mediators provide an underutilized
alternative. Conflict mediation is not a new concept, and many teams exist outside of
medicine, especially in law enforcement and the legal system. These teams are ideal when
parties in conflict cannot resolve their conflicts on their own.

Mediators may be physicians or may come from other medical or nonmedical fields, as
noted earlier. While adhering to ethical principles, mediators are not engaged in answering
ethical questions – that is the purview of a clinical ethics consultation team. Note is made
that there are relatively few true ethical questions to be answered in the context of a conflict
and that clinical ethics consultants are not ideally suited for typical conflict resolution as
a result.

A key aspect of the conflict mediator is that the mediator has no stake in either side of
a conflict but is instead invested in helping the parties come to a mutually acceptable
resolution – regardless of what that resolution may be. Therefore, the mediator should
not be a member of a care team or directly involved with the patient or family and remains
a neutral intermediary, unaligned with either side. By the nature of finding a position to
which both parties may agree, mediators engage in what may be characterized as an
integrative form of bargaining because, in general, both sides engage in compromise to
reach resolution. Because communication failure often underpins conflict in the ICU, active
listening as well as rephrasing skills are essential elements to be brought to the table by the
mediator. These skills may be learned and are not generally intuitive. A recent review of
conflict-management teams in the ICU provides additional in-depth reading and direction
in crafting and deploying a conflict-management team in the ICU [42].

Conclusion
The population is aging at an unprecedented rate. As the population ages, physicians and
other healthcare professionals will see an increasing number of elderly patients who are
injured or become critically ill from various disease processes. Additionally, the care of older
patients may be made more difficult by any number of preexisting medical conditions that
not only complicate their care but contribute to their frailty. These chronic medical
conditions and significant frailty adversely affect both short- and long-term outcomes in
this population of patients. Older patients require specialized care to optimize their out-
comes. Specialized GCCUs, or units that have on-demand geriatric expertise, may allow
patient-centered optimization of care for this special population.
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pharmacotherapy, 39
abdominal trauma, 129–30
acetaminophen, 180
acid suppressive therapy, 42
ACS. See acute coronary

syndromes
ACTH. See adrenocorticotropic

hormone
activities of daily living (ADL)
with CCI, 14–15, 20
in GCCUs, 215
perioperative care and, 189
trauma outcomes and, 132

acute brain dysfunction, 63,
64–66. See also delirium

clinical features, 64–65
definition of, 64–65
diagnosis of, 64–65
outcomes associated with,

65–66
acute coronary syndromes

(ACS), 85–86
CABG surgery, 86
NSTEMI and, 85–86
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definitions of, 82–83
delirium and, 93–94
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(CIM), 11

neuromuscular issues
with, 16

critical illness polyneuropathy
(CIP), 11

neuromuscular issues
with, 16

CRT. See cardiac
resynchronization
therapy

delirium, 64–65
benzodiazepines as factor in,

68, 71
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clinical guidelines for, 73
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sedative medications
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inflammatory
responses, 68

neuroimaging and, 69
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risk factors for, 191

prevention strategies, 69–73
ABCDEF bundles, 70
with antipsychotics, 72
nonpharmacologic, 69–71
pharmacologic measures,
71–73

statin therapy, 72
demographics. See also

population
demographics

aging and, 3–5
global, 4

depressive disorders
CCI and, 14–15
preoperative assessment for,

190–91, 193
dexamethasone, 72
dexmedetomidine, 18, 39,

40, 71
diazepam, 31
diuretics, 32
donepezil, 72
dysrhythmia, 90–92
AF, 91
bradydysrhythmia, 90–91
CRT for, 92
ICDs for, 92
POAF, 91–92

elderly
aging and, 3
demographics of, 3–5, 210
global, 4
national, 4–5

biologic age and, 3
blood transfusion therapy

for, 155–57
application guidelines
for, 162

clinical outcomes for, 7
definitions of, 2–3
global, 3
in Great Britain, 2
under Medicare, 2–3

frailty and, 3
health care costs for, 6–7
age dependency ratio, 6
AHRQ estimates of, 7
elderly dependency
ratio, 6

youth dependency ratio, 6
health outcomes and

trends, 5–6
for critical care, 5–6
multimorbidity, 5

population demographics
for, 1

vaccine implications for, 144
elderly dependency ratio, 6
EMCO therapy. See

extra-corporeal
membrane oxygenation
therapy

EN. See enteral nutrition
endocrinopathies
with CCI, 15
testosterone levels and, 15

geriatric pharmacotherapy
for, 43

endogenous factors. See host
factors

enteral nutrition (EN), 109,
110–11

with CCI, 19–20
ethical issues, medical. See also

withdrawing/
withholding of
life-sustaining
treatment

beneficence, 201
futility of treatment, 200,

204–7
appropriateness of, 206
defined, 205–6
medical practice
recommendations
for, 207

patient autonomy, 205
physician authority, limits
of, 204–5

in ICUs, 200
nonmaleficence, 201

exogenous factors. See
procedural factors

extra-corporeal membrane
oxygenation (ECMO)
therapy, 57

falls, injuries from, 128
family members
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CCI and, communication
with, 20–21

in GCCUs, 214
Federal Patient

Self-Determination Act
(1990), US, 203

fentanyl, 39
fertility rates, in US, 5
FEV. See Forced Expiratory

Volume
fondaparinux, 130–31
Forced Expiratory Volume

(FEV), 52
fractures. See cervical spinal

fractures
frailty
anaemia and, 149
from cardiovascular

diseases, 94
as clinical syndrome, 1
defined, 3
in GCCUs, assessment of,

215, 216
GFI, 211, 216
from nutritional deficiencies

and derangements,
102, 104

critical illness and, 105–6
perioperative care and, 187
physiological age and, 211
preoperative assessment

for, 194
surgery and, stress responses

to, 178–79
trauma outcomes influenced

by, 131–32
FRC. See Functional Residual

Capacity
Friendly Societies Act (Great

Britain), 2
Functional Residual Capacity

(FRC), 52
futility, of treatment, 200, 204–7
appropriateness of, 206
defined, 205–6
medical practice

recommendations
for, 207

patient autonomy and, 205
physician authority and,

limits of, 204–5

gabapentin, 180
gastrointestinal issues, geriatric

pharmacotherapy for,
42–43

acid suppressive therapy, 42
geriatric critical care units

(GCCUs)
components of, 211–14
functional elements,
213–14

structural elements,
212–13

team members, 210,
211–12

conflict management
teams, 222

daily operations, 214–17
ADLs and, 215
assessment of frailty,
215, 216

family members’
involvement in, 214

treatment of pre-existing
conditions, 215–17

delirium and
assessment of, 217–18
cognitive impairment
from, 219

dementia from, 219
nutritional support in,

220–21
pain
cognitive deficits
from, 219

management of, 218–19
PCM in, 210, 221–22
post-intensive care

syndrome and,
219

pulmonary support in,
219–20

geriatric pharmacotherapy.
See pharmacotherapy

geroscience, 175–80
allostasis, 175
allostatic load, 168, 175–76
hormesis, as modifier of

stress response, 176–78
GFI. See Groningen Frailty

Indicator
GFR. See glomerular filtration

rate
global aging, 4
glomerular filtration rate

(GFR), 114, 115
Great Britain
elderly in, definitions of, 2
Friendly Societies Act, 2

Groningen Frailty Indicator
(GFI), 211, 216

haematological system, aging
and, 147–49. See also
anaemia

bone marrow cellularity,
147–48

cardiovascular systems, 148
frailty and, 148–49
hypercoagulability, 148
immunosenescence, 148
malignancies as result of, 148
respiratory systems, 148

haloperidol, 31, 72
HAP. See hospital-acquired

pneumonia
HCAP. See

healthcare-associated
pneumonia

health care costs, in US, 2
of CCI, 12
for elderly, 6–7
age dependency ratio, 6
AHRQ estimates of, 7
elderly dependency
ratio, 6

youth dependency ratio, 6
for trauma, 126–27

healthcare-associated
pneumonia (HCAP), 55

heart failure (HF), 87–88
clinical presentation of, 87
HFpEF, 87
HFrEF, 87
MCS for, 87
NIPPV, 87

heart failure with preserved
ejection fraction
(HFpEF), 87

heart failure with reduced
ejection fraction
(HFrEF), 87

hematopoietic stem cells
(HSC), 140

hemodialysis therapies, 122
hemofiltration therapies, 122
heparin, 130–31
hepatic function
with CCI, 15–16
drug dosing considerations

and, 37–38
HF. See heart failure
HFpEF. See heart failure with

preserved ejection
fraction

HFrEF. See heart failure with
reduced ejection fraction

hormesis, 176–78
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hormones
ACTH, 174
CCI and, 15
testosterone levels and, 15

hospital-acquired pneumonia
(HAP), 55

host factors, in stress
responses, 169

HSC. See hematopoietic stem
cells

hydromorphone, 39
hyperactive delirium, 65
hypercalcemia, 120
severe, 120

hyperfibrinolysis, 174
hyperkalemia, 119–20
hypoaldosteronemia

and, 119
management of, 120
potassium excretion, 119–20
Sjögren’s syndrome and, 119

hypernatremia, 117
risk factors, 117

hypoactive delirium, 65
hypoaldosteronemia, 119
hyponatremia, 117–19
clinical presentations of, 118
management of, 118–19
vasopressin levels, 118

hypophosphatemia, 19

ICDs. See implantable
cardioverter-
defibrillators

ICUs. See intensive care units
idarucizumab, 42, 129
immune response systems
adaptive, 138, 142–44
aging as impact on, 138
B lymphocytes, 143–44
memory cells, 144
T lymphocytes, 142–43

components of, 138
HSC and, 140
innate, 138, 140–42
aging as impact on, 138
macrophages, 141
monocytes, 141
neutrophils, 140–41
NK cells, 141–42

surgery and, stress response
to, 172–73

immunonutrition, 173
immunosenescence, 173

vaccines and, 144
immunonutrition, 173

immunosenescence, 139–40
defined, 139
infections and, 139–40
stress response to

surgery, 173
implantable cardioverter-

defibrillators (ICDs), 92
infections
immunosenescence and,

139–40
from transfusion

therapy, 152
infectious diseases, geriatric

pharmacotherapy for,
43–44

inflammation, as stress
response, 172–73

injuries
mechanisms of, 128
from falls, 128
MVC, 128

patterns for, 128
thermal, 130

innate immune system, 138,
140–42

aging as impact on, 138
macrophages, 141
monocytes, 141
neutrophils, 140–41
NK cells, 141–42

intensive care units (ICUs). See
also geriatric critical
care units

AKI epidemiology in, 121
CAM-ICU, 64–65
geriatric pharmacotherapy

in, 29–30
PIM in, 29
post-intensive care
syndrome in, 29–30

perioperative care in, 187–89
acute presentation in, 188
elective presentation
in, 188

mortality rates in, 188–89
postoperative considerations

in, 196–97
intraoperative management,

195–96

ketamine, 39
ketorolac, 180
kidneys. See acute kidney

injury; renal disorders;
renal function; renal
insufficiency

labetalol, 31
life expectancy rates, in US, 2
life-sustaining treatment. See

withdrawing/
withholding of life-
sustaining treatment

liver function. See hepatic
function

long-term acute care hospitals
(LTACHs)

CCI in, 16
geriatric pharmacotherapy

in, 29
low body mass, drug dosing

considerations with, 36
LST. See withdrawing/

withholding of
life-sustaining
treatment

LTACHs. See long-term acute
care hospitals

macrophages, 141
malnutrition, with CCI,

15–16
malnutrition syndromes,

103–5
factors for, 103–4
PICS and, 106

mechanical circulatory support
(MCS), 87

mechanical ventilation (MV)
CCI and, 17
RSBI and, 17

for respiratory diseases,
57–58

discontinuation of, 57–58
PMV, 58

Medicare, definitions of elderly
for, 2–3

memory cells, 144
meperidine, 195
metabolic derangements,

prevalence of, 102–3
metabolic systems, stress

response to, 174–75
midazolam, 31
Mini Nutritional

Assessment, 19
mixed delirium, 65
monocytes, 141
moral equivalency, in

withholding/
withdrawing of LST,
201–2, 203

morphine, 31
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motor vehicle collisions
(MVC), 128

multimorbidity
defined, 1
among elderly, 5

muscle unloading, 111
musculoskeletal system

dysfunction. See also
trauma

physiological changes, with
aging, 127–28

of cardiovascular
function, 127

cartilage calcification, 127
of neurological
function, 127

trauma and, 130–31
musculoskeletal trauma,

130–31
MV. Seemechanical ventilation
MVC. See motor vehicle

collisions

national aging, 4–5
Natural Killer (NK) cells, 13,

141–42
neurocognitive dysfunction
acute brain dysfunction, 63,

64–66. See also delirium
clinical features, 64–65
definition of, 64–65
diagnosis of, 64–65
outcomes associated with,
65–66

aging and
brain changes as result
of, 63

physiological changes,
63–64

clinical guidelines for, 73
POCD, 65

neuroendocrine system, stress
response by, 174–75.
See also
endocrinopathies

ACTH secretion, 174
neutrophils, 140–41
NIPPV. See noninvasive

positive pressure
ventilation

NK cells. See Natural Killer
cells

NOAC. See novel
anticoagulants

noninvasive positive pressure
ventilation (NIPPV), 87

non-ST elevation myocardial
infarction
(NSTEMI), 81

ACS and, 85–86
CHD and, 85–86

normeperidine, 71
novel anticoagulants (NOAC),

128–29
NRI. SeeNutritional Risk Index
NSTEMI. See non-ST elevation

myocardial infarction
nutritional deficiencies and

derangements
assessment strategies, 106–7
for CCI, 19
with serum
biomarkers, 107

cachexia, 102, 105
with CCI, 18–20
assessment in, 19
EN, 19–20
goals of, 19–20
PN, 20
refeeding syndrome, 19

frailty from, 102, 104
critical illness and, 105–6

intervention strategies for,
107–11

aspiration risks, 110
barriers influencing, 108
EN, 109, 110–11
intolerance
assessments, 109

PN, 110–11
refeeding syndrome, 108

malnutrition syndromes,
103–5

factors for, 103–4
PICS and, 106

muscle unloading and, 111
PEM, 102, 105
preoperative assessment of,

194–95
sarcopenia, 102, 104–5

Nutritional Risk Index
(NRI), 19

obesity, drug dosing
considerations with,
33–35

off-pump CABG (OPCAGB)
surgery, 86

opioids, 32
delirium as result of, 68

over the counter (OTC)
medications, 29

pain management, 180–81
in GCCUs, 219

palliative care
for CCI, 21
trauma outcomes and,

132–33
palliative care medicine

(PCM), 210, 221–22
parenteral nutrition (PN),

110–11
with CCI, 20

PARTNER trials. See
Placement of AoRtic
TraNscathetER Valves
trials

Patient Blood Management
(PBM), 157–61

PCC. See prothrombin
complex concentrate

PCM. See palliative care
medicine

PE. See pulmonary embolism
PEM. See protein-energy

malnutrition
perioperative care
ADL dependencies, 189
frailty and, assessment

of, 187
in ICUs, 187–89
acute presentation
in, 188

elective presentation
in, 188

mortality rates in,
188–89

intraoperative management
and, 187

PSH models, 187, 189
QOL issues and, 189

perioperative surgical home
(PSH) models,
187, 189

persistent inflammation,
immunosuppression
and catabolism (PICS),
13, 14

malnutrition syndromes
and, 106

pharmacodynamics, 31–32
pharmacokinetics, geriatric

pharmacotherapy,
30–31

absorption, 30
distribution in, 30
drug metabolism, 31
elimination, 31
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pharmacotherapy, geriatric
ADEs, 31–33
for ALI, 41
analgesia and, 38–40
ABCDEF bundles and, 39

anticoagulation therapy, 42
for delirium, 40–41
cholinergic deficiency, 41
strategies for, 40

drug dosing considerations,
32–38

administration routes,
32–34

body mass issues, 33–36
with hepatic dysfunction,
37–38

low body mass, 36
obesity and, 33–35
with renal insufficiency,
36–37

for endocrine issues, 43
epidemiology of, 29–30
for gastrointestinal issues,

42–43
acid suppressive
therapy, 42

in ICU settings, 29–30
PIM in, 29
post-intensive care
syndrome in, 29–30

for infectious diseases, 43–44
in LTACHs, 29
OTC medications, 29
outcomes of, 29–30
improvement
strategies, 44

pharmacodynamics, 31–32
pharmacokinetics, 30–31
absorption, 30
distribution in, 30
drug metabolism, 31
elimination, 31

polypharmacy, 29, 33
sedation and, 38–40

phenytoin, 31
physical resilience, 168,

179–80
physiological age, 211
frailty and, 211

PICS. See persistent
inflammation,
immunosuppression
and catabolism

PIM. See potentially
inappropriate
medications

PMV. See prolonged
mechanical ventilation

PN. See parenteral nutrition
pneumonia, 55
CAP, 55
HAP, 55
HCAP, 55
VAP, 55

POAF. See post-operative atrial
fibrillation

POCD. See postoperative
cognitive dysfunction

POD. See postoperative
delirium

polypharmacy, 29, 33
population demographics
for elderly, 1
global, 4
in US, 4–5
baby boom, 1, 4

post-intensive care syndrome,
29–30

in GCCUs, 219
post-operative atrial fibrillation

(POAF)
aging and, 81
dysrhythmia and, 91–92

postoperative cognitive
dysfunction
(POCD), 65

postoperative considerations,
in ICU, 196–97

postoperative delirium (POD),
65, 181, 190

risk factors for, 191
post-traumatic stress disorder

(PTSD), CCI and,
14–15

potentially inappropriate
medications (PIM), 29

PPI. See proton pump
inhibitors

Praxbind. See idarucizumab
pregabalin, 180
preoperative assessment and

care, 189–94
for alcohol/substance abuse,

190–91
for cardiac health, 191–92
for cognitive impairment,

190, 192
for depression, 190–91,

193
for frailty, 194
medication management

in, 195

of nutritional status, 194–95
for pulmonary status,

192, 193
prevention strategies, ABCDEF

bundles, 70
procedural factors, in stress

responses, 169
progressive central aortic

dilatation, 81
prolonged mechanical

ventilation (PMV), 58
propofol, 18, 39–40
protein-energy malnutrition

(PEM), 102, 105
prothrombin complex

concentrate (PCC), 129
proton pump inhibitors

(PPI), 42
PSH models. See perioperative

surgical home models
PTSD. See post-traumatic

stress disorder
pulmonary embolism (PE),

51, 54
pulmonary status
in GCCUs, assessment of,

219–20
in preoperative assessments,

192, 193
pulse pressure, 84

quality of life (QOL), 189

Rapid Shallow Breathing Index
(RSBI), 17

refeeding syndrome, 19, 108
renal disorders
AKI, 114
epidemiology in ICU, 121
management of, 121–22
RRT for, 114, 121–22
RTE cell regeneration
and, 121

GFR and, 114
hypercalcemia, 120
severe, 120

hyperkalemia, 119–20
hypoaldosteronemia
and, 119

management of, 120
potassium excretion,
119–20

Sjögren’s syndrome
and, 119

hypernatremia, 117
risk factors, 117
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hyponatremia, 117–19
clinical presentations
of, 118

management of, 118–19
vasopressin levels, 118

RRT
for AKI, 114, 121–22
hemodialysis
therapies, 122

hemofiltration
therapies, 122

UF rates, 122
renal function, aging and,

115–17
epidemiology of, 115
GFR and, 115

estimation methods of,
115–16

functional changes, 116–17
structural changes, 116–17

renal insufficiency, drug dosing
considerations with,
36–37

RRT for, 36, 37
renal replacement therapy

(RRT), 36, 37
for AKI, 114, 121–22
hemodialysis therapies, 122
hemofiltration therapies, 122
UF rates, 122

renal tubular epithelial (RTE)
cells, 121

resilience. See physical
resilience

respiratory diseases, critical
care for

acute respiratory failure,
53–54

aging and, 51–53
FEV, 52
FRC and, 52
lung volume changes
and, 53

ARDS, 51, 55–57
Berlin Definition of, 56
EMCO therapy, 57
network approach to,
56–57

MV for, 57–58
discontinuation of, 57–58
PMV, 58

PE, 51, 54
physiological factors, 51–53
pneumonia, 55
CAP, 55
HAP, 55

HCAP, 55
VAP, 55

risk factors for, 53–54
SBT and, 57–58

respiratory failure, acute,
53–54

restrictive transfusion
therapy, 153

resuscitation goals, 131
rivastigmine, 72
RRT. See renal replacement

therapy
RSBI. See Rapid Shallow

Breathing Index
RTE cells. See renal tubular

epithelial cells

sarcopenia, 102, 104–5
SBT. See spontaneous

breathing trial
SCCM. See Society of Critical

Care Medicine
sedation
with CCI, 17–18
geriatric pharmacotherapy

and, 38–40
serum biomarkers, 107
severe hypercalcemia, 120
SGA. See Subjective Global

Assessment
Sjögren’s syndrome, 119
Social Security Act (1965),

US, 2–3
Society of Critical Care

Medicine (SCCM), 44
spinal trauma, 129
spironolactone, 119
spontaneous breathing trial

(SBT), 57–58
ST elevation myocardial

infarction (STEMI), 81
ACS, 85–86
CHD, 85–86

starvation. See protein-energy
malnutrition

statin therapy, for delirium, 72
STEMI. See ST elevation

myocardial infarction
stress responses. See surgery
Subjective Global Assessment

(SGA), 19
substance abuse. See alcohol/

substance abuse
surgery, stress response to,

169–72. See also
intraoperative

management;
perioperative care;
preoperative
assessment and care

coagulation system changes,
173–74

hyperfibrinolysis, 174
TF changes, 173

as controlled trauma, 169
frailty and, as postoperative

predictor, 178–79
geroscience concepts for,

175–80
allostasis, 175
allostatic load, 168, 175–76
hormesis, as modifier of
stress response, 176–78

as global healthcare
burden, 169

host factors, 169
immune system changes,

172–73
immunonutrition, 173
immunosenescence, 173

inflammation as, 172–73
in metabolic systems, 174–75
modification strategies for,

180–81
through pain
management, 180–81

for postoperative
delirium, 181

through stress
mediators, 180

in neuroendocrine systems,
174–75

ACTH secretion, 174
phases of, 169–70
physical resilience and,

decreases in, 168,
179–80

post-intensive care
syndrome, 29–30

preoperative checklist
for, 179

procedural factors, 169
variability in, 170

sympathetic nervous system
activity, increases in,
85

T lymphocytes, 142–43
TAVI techniques. See

transcatheter aortic
valve implantation
techniques
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TAVR. See transcatheter aortic
valve replacement

TBI. See traumatic brain injury
telomere length, 176
TF. See tissue factor
thermal injuries, 130
Thompson, Warren, 4
thoracic trauma, 129
thromboembolic prophylaxis,

130–31
tissue factor (TF), 173
tracheostomy, 17
transcatheter aortic valve

implantation (TAVI)
techniques, 88–89

complications of, 89
PARTNER trials, 88–89

transcatheter aortic valve
replacement
(TAVR), 169

transfusion therapy. See also
blood transfusion
therapy

anaemia and, 147
restrictive strategies for, 147

trauma
healthcare costs for, 126–27
incidence rates for, 126–27
injury patterns, 128
thermal, 130

management of, 128–31
for abdominal trauma,
129–30

for musculoskeletal
trauma, 130–31

for spinal trauma, 129
for TBI, 128–29
for thoracic trauma, 129

mechanisms of injury, 128
falls as, 128
MVC, 128

outcomes from, 131–33
ADL and, 132
frailty as factor in, 131–32
palliative care and, 132–33
pre-existing conditions
and, 131–32

resuscitation goals, 131
special considerations
for, 132

as stress response to
surgery, 169

Trauma-Specific Frailty Index
(TSFI) scores, 132

traumatic brain injury (TBI),
128–29

TSFI scores. See Trauma-
Specific Frailty Index
scores

ultrafiltration (UF) rates, 122
United States (US)
Federal Patient Self-

Determination Act, 203
fertility rates in, 5
health care costs in, 2

life expectancy rates in, 2
population growth rates

in, 4–5
baby boom, 1, 4

Social Security Act, 2–3

vaccines, for elderly, 144
valvular heart disease, 88–90
TAVI techniques, 88–89

VAP. See ventilator-associated
pneumonia

vascular disease, 92–93
CEA for, 93
comorbidities with, 92–93

ventilator-associated
pneumonia (VAP), 55

verapamil, 31

warfarin, 32
withdrawing/withholding of

life-sustaining
treatment (LST), 200–4.
See also futility

defined, 200
doing versus allowing,

202–3
legal considerations for,

203–4
medical societies on, 203
moral equivalency of,

201–2, 203

youth dependency ratio, 6
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