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The editors are privileged to dedicate this edition of Geriatric Anesthesiology
to the late Jeffrey H. Silverstein, MD, who at the time of his death (2015)

was planning the third edition of the textbook that he personally, tirelessly
saw reach its status as the authoritative volume of the knowledge of the
anesthetic practice for geriatric patients. The second edition encapsulated
his abiding interest in the science and education of anesthesia for the
geriatric population. It was his desire that the next edition expand on this
important aspect of anesthesiology.

As we reflect on the field of geriatric anesthesiology that has been blessed
with many dedicated and visionary leaders, none have been as meaningful
as Jeff Silverstein. His untimely death from cancer on July 27, 2015,
was a huge loss to the specialty and all of us who knew and worked with him.
Jeff was one of the original members of the American Society
of Anesthesiologists (ASA) Committee on Geriatric Anesthesia when it was
formed in 1992. Since then, he was involved in every significant aspect
of the development of geriatric anesthesia. As an example of Jeff’s leadership
in the early 1990s, the American Geriatrics Society (AGS) began their
programs to promote geriatric expertise in nonmedical specialties, including
anesthesiology. The AGS began with advisory meetings that included
representatives from geriatrics and ten nonmedical specialties. These formal
and informal AGS Committees provided advice on outreach programs
to be supported by the AGS. Over a 20-year span, Jeff was the most
consistent representative from anesthesiology. His participation culminated
during his tenure as chair of the AGS Section for Enhancing Geriatric
Understanding and Expertise Among Surgical and Medical Specialists
(SEGUE), and he was instrumental in the development of the JR and its
successor, the NIH-funded Grants for Early Medical/Surgical Specialists’
Transition to Aging Research (GEMSSTAR) award.

Jeff was a leading force in the formation of the Society for the
Advancement of Geriatric Anesthesia (SAGA) (www.sagahgq.org) in 2000 and
was its second president. He was an active participant in the educational
activities provided by SAGA members to the ASA, the AGS, the New York
State Society of Anesthesiologists PostGraduate Assembly, and the Society
of Cardiovascular Anesthesiologists. Jeff was active in geriatric research
as well, with over 20 PubMed citations in geriatric anesthesiology alone.
Most of this research was on the topic of postoperative cognitive decline.


http://www.sagahq.org

Yet as meaningful as the above accomplishments are, they do not do justice
to the person that Jeff was to many of us in geriatric anesthesiology. He was
a colleague, a mentor, a leader, and a friend. Jeff had that special ability to
cut through all the extraneous, distracting information and succinctly define
the important issues and how to go about achieving them. His vision and
implementation of the vision will perhaps be what is most sorely missed.

We miss his insight and his effective, provocative manner that not only
entertained us but challenged us to go beyond what we thought possible.
Jeff’s presence and deep, booming voice commanded attention, but it was his
creative mind that really kept us moving forward.

We hope that this book is a fitting tribute to Jeffrey H. Silverstein, MD,
who insisted on a thorough approach to the science and practical information
required in providing optimal anesthesia care to the elderly.



Preface to the First Edition

Approximately 14% of the current US population is 65 years of age or older. By the year 2020,
it is predicted that 20% or 60,000,000 Americans will reach this milestone. Further, if today’s
statistics continue unchanged, at least half of these individuals will undergo anesthesia and
surgery, likely of increasing complexity, prior to their eventual demise. The geriatric patient
population represents a huge and growing challenge for anesthesia providers the world over.

My interest in the anesthetic management of geriatric patients was kindled 15 years ago
while on the faculty at Bowman Gray. One of our surgeons asked me to anesthetize his healthy
72-year-old father. All went well in the intraoperative and postoperative periods, and he was
discharged home in the customary time frame. However, my colleague later reported that he
had observed subtle psychomotor changes in his father which persisted postoperatively for
7 weeks. It dawned on me that perhaps the geriatric patient is not simply an older adult, but,
rather, a truly different physiologic entity. What could explain the relatively commonly
observed delayed postoperative return of normal mentation in the geriatric surgical patient? It
is this and other unanswered questions regarding the anesthetic management of the elderly that
stimulated the development of this text.

Geriatric Anesthesiology is designed to be a comprehensive text that methodically addresses
the aging process while emphasizing important clinical anesthetic considerations. The first two
sections of the text define the demographics of our aging population and describe age-related
physiologic changes that occur in each major organ system. The third section addresses the mul-
titude of factors that contribute to a safe and successful anesthetic with suggested adjustments in
technique that may improve anesthetic management of the elderly. Topics range from preopera-
tive evaluation and risk assessment to the altered effects of various classes of drugs with further
discussion regarding positioning, thermoregulation, perioperative monitoring, and postoperative
recovery. In addition, issues such as management of pain syndromes, outpatient anesthesia, med-
icolegal implications, and even special CPR techniques in this age group are considered. The
fourth section identifies the ten most commonly performed surgical procedures in the elderly
and, for each, offers recommended anesthetic techniques. The text ends with an intriguing explo-
ration into future research opportunities in the field, including molecular mechanisms of aging.

Considerable energy has gone into the creation of this text. I am grateful for the significant
efforts made by all the contributing authors and especially appreciate contributions made by
the editors from Williams & Wilkins. The text would have been impossible to complete with-
out the encouragement, dogged determination, and professionalism of Ms. Tanya Lazar and
Mr. Carroll Cann. Tim Grayson was innovative and supportive during the original design and
formulation of this project.

I am optimistic that this text will heighten the awareness of the very real clinical differences
presented by the geriatric patient population. Perhaps by referring to appropriate sections in
this text, anesthesia providers will be armed with a better understanding of the physiologic
changes of aging and the recommended considerations and modifications of anesthetic tech-
nique, which we hope will contribute to an ever-improving outcome for the geriatric surgical
patient population.

Charles H. McLeskey

vii



Preface to the Second Edition

Do not go gentle into that good night, Old age should burn and rave at close of day, Rage, rage against
the dying of the light.

Dylan Thomas

The goal of getting older is to age successfully. Unfortunately, the majority of our older patients
will have acquired one or more chronic medical conditions as they age, and, even if a perfectly
healthy older patient presents for surgery, that patient’s ability to handle physiologic stress will
be diminished, including the stress of surgery. Nearly half of all surgical procedures involve
patients older than age 65, and that percentage is likely to increase as the US population ages.
Thus, the perioperative care of the older patient represents one of the primary future frontiers
of anesthetic practice. Even though perioperative mortality has diminished for the elderly, as
well as for the population in general, the growing number of cases spotlights perioperative
morbidity and mortality as an important issue for patients and healthcare systems alike. The
vision set forward by the first edition (i.e., to apply the growing body of knowledge in this
subspecialty area to the everyday practice of anesthesiology) remains the mission and vision
of this second edition. The editors believe that the updated contents of this edition represent an
important opportunity to consolidate and organize the information that has been acquired since
1997 and to apply that knowledge to the current practice of anesthesiology.

Part I contains several new chapters on topics that may not always seem to be directly
involved with anesthetic care, but are important to the future of medical and anesthesia care.
An understanding of the aging process may lead to methods of slowing its progression or at
least of ameliorating some of its consequences, including the development of chronic disease.
Most anesthesiology residency programs provide limited formal teaching of geriatric anesthe-
sia. The editors believe the incorporation of relevant subspecialty material in the anesthesiol-
ogy curriculum is needed to improve care for this patient population. The realities of
reimbursement for services rendered to the older patient, either by Medicare or other payers,
warrant the attention of all anesthesiologists who provide care for older patients. Ethics as
applied to treatment of the older patient is also addressed. The medical management of this
population is often complicated by issues such as patient goals that differ from physician
expectations, physician “ageism,” patient cognitive impairment, and the physician’s failure to
recognize the true risk of surgery and attendant recovery time. The last chapter of Part I reviews
current knowledge and suggests research areas where the greatest impact on patient outcomes
might be realized.

Parts IT and III review the physiology of aging and the basic anesthetic management of the
geriatric patient, and Part IV examines selected surgical procedures frequently performed in
older patients. Not all of these chapters are specific to anesthetic management. Geriatric medi-
cine is a broad field with many relevant topics. Wound healing is a perfect example. The reality
is that anesthesiologists can likely have a positive impact on patient care by being better able
to recognize conditions that may compromise skin when other medical professionals may fail
to and, as a result, can improve protection of the skin, especially during long operating room
cases. In contrast, polypharmacy and drug interactions, major topics in geriatric medicine,
have direct relevance to anesthetic management. The cardiac surgery chapter is an example of



Preface to the Second Edition

how age affects outcomes after a specific type of surgical procedure. The unusual aspects of
anesthetic management for cardiac surgery revolve mostly around the patient’s underlying
disease status rather than there being anything specific to cardiac anesthesia in the older patient
beyond the principles delineated in Parts IT and III.

For chapters similar to those in the first edition, an effort has been made to update content
and incorporate studies that examine outcome. Such work helps us challenge conventional
wisdom and sometimes test novel ideas that prove beneficial. Even the most casual reader of
this textbook will recognize huge gaps in our present knowledge. It is not sufficient, for exam-
ple, to take an understanding of the physiology of aging and draw conclusions regarding anes-
thetic management from that information. Oftentimes, however, we are forced to do just that
when making anesthetic management decisions. The editors hope the future will provide better
research and answers that advance the field of geriatric anesthesiology.

The editors thank the many authors of this text. In addition to their hard work, they
responded to entreaties for revisions and updates with admirable patience and promptness.
Their contributions expand our knowledge and will improve the care of elderly patients.

Lastly, the editors thank Stacy Hague and Elizabeth Corra from Springer. Without their
vision and determination, this book would not exist.

Jeffrey H. Silverstein
G. Alec Rooke

J.G. Reves

Charles H. McLeskey



Preface to the Third Edition

People all over the world are living longer. In fact, by percentage change, the over-65-year-old
group is the fastest growing age group worldwide. According to the U.S. Census Bureau, by
year 2030, nearly 20% of the population will be 65 years of age and older. Considering the
burgeoning population and the fact that patients aged 65 and older are receiving procedures in
disproportionate numbers to younger patients, it is imperative that anesthesiologists be pre-
pared to care for an ever-increasing number of elderly patients. Thus, evidence-based periop-
erative care of the geriatric patient will only continue to grow in importance for the practicing
anesthesiologist.

The mission of this edition remains the same as the previous two editions: to assemble the
growing body of knowledge in geriatric anesthesia and provide it to the anesthesiologists for
use in the everyday practice of anesthesia. However, as our knowledge regarding perioperative
care of the elderly surgical patient grows, so do our questions. In this edition, we have asked
all authors to include a section within each chapter entitled “Gaps in Our Knowledge.” These
sections highlight areas in which research is needed, as well as hopefully inspire readers to
begin solving some of these questions.

This edition continues to build on the strong foundation of the first two editions. However,
as the field of geriatric anesthesiology rapidly evolves, so does our focus on important new
developments. Part I contains several new chapters that reflect the evolution of multidisci-
plinary geriatric care throughout the perioperative continuum. We highlight the evolving
development of the Perioperative Surgical Home, as well as expound on the growing body of
literature related to prehabilitation. In addition, in the theme of multidisciplinary collaboration,
we have also included chapters on the surgeon’s perspective and geriatrician’s perspective on
surgery in the geriatric population. This is important as medical care must continue to be a
more collaborative effort as patients get older and sicker.

Parts II and III review the systematic physiologic changes associated with aging and the
pharmacologic considerations for the geriatric patient undergoing procedures. These chapters
are necessary components to any comprehensive textbook on geriatric anesthesia, and while
much of the material is similar to that of the last two editions, an effort has been made to update
any information relevant to the changing practice of geriatric anesthesia. For example, in the
chapter on chronic medication use in the elderly, particular focus was placed on certain rapidly
developing medications that impact practice such as antidepressants and new anticoagulants.

Part IV, special concerns, has also undergone major changes. There are more minimally
invasive procedures being performed outside the operating rooms or in hybrid operating suites
which pose specific challenges for geriatric patients. We have highlighted these changes in
practice within this section, including expanding chapters on cardiovascular procedures related
to minimally invasive valvular procedures as well as monitored anesthesia care and NORA
procedures. In addition, we included a chapter solely dedicated to implantable pacemakers and
ICDs as both perioperative management of these devices and anesthetic management for heart
and vascular procedures are growing in volume. The anesthetic management of patients under-
going surgery for cancer entails special considerations, and since the elderly commonly
undergo such procedures, a chapter on this topic has been added. The elderly are also subject
to trauma, and there is a growing knowledge base on trauma care for the older patient. This

xi
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section also includes chapters on management of elderly patients undergoing cardiothoracic/
vascular surgery and orthopedic surgery. There is an especially large body of knowledge on
orthopedic surgery in the elderly, much of which has arisen from outside the USA.

Finally, in this edition, we have added a Part V that focuses on postoperative care specific
to the geriatric population which includes acute pain management, ICU management, recent
evidence and up-to-date practice regarding delirium and postoperative cognitive dysfunction,
and palliative care. As the role of the anesthesiologist continues to expand outside of the oper-
ating room, it is imperative that we continue to practice evidence-based care for the geriatric
patient within these settings.

Charleston, SC, USA J.G. Reves
Boston, MA, USA Sheila Ryan Barnett
Charleston, SC, USA Julie R. McSwain

Seattle, WA, USA G. Alec Rooke
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Geriatric Anesthesiology: Where Have

We Been and Where Are We Going?

Julie R. McSwain, J.G. Reves, Sheila Ryan Barnett,

and G. Alec Rooke

Introduction

The subject of anesthesiology spans the science and art of an
entire clinical discipline. This includes material of basic and
clinical sciences as well as particular pharmacology that
encompass drugs to render man insensitive to pain, induce
loss of consciousness, and paralyze muscles [1]. Geriatric
anesthesiology is an emerging, important area more nar-
rowly focused on the art, science, pharmacology, and physi-
ology pertaining to the elderly surgical population. Age is an
imperfect descriptor of geriatric anesthesia because age
alone does not define the important changes that make older
patients more challenging and different than normal adults.
Nevertheless, age >65 years old is used arbitrarily to define
the geriatric population.

Geriatric medical care has evolved from an empiric disci-
pline in the 1950s and 1960s to a largely evidence-based
practice today [2]. An excellent short reference guide called
Geriatrics at Your Fingertips is available in a small pocket
edition as well as on the Internet [3]. Perioperative geriatric
anesthesia is very much at the frontlines of developing suf-
ficient primary data on which to base practice guidelines.
However, there are still only a few randomized controlled
trials that provide class I evidence regarding perioperative
care of the elderly, leaving the practitioner to extrapolate
findings from literature that has accumulated on geriatric
care in other contexts that pertain to the perioperative
setting.

J.R. McSwain ¢ J.G. Reves (1<)

Department of Anesthesia and Perioperative Medicine,
Medical University of South Carolina, Charleston, SC, USA
e-mail: revesj@musc.edu
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This introductory chapter presents some of the founda-
tional concepts of geriatrics and a general approach to
caring for geriatric patients presenting for surgery. In
approaching elderly patients, the anesthesiologist must
recognize that there is tremendous heterogeneity or vari-
ability in aging, both in the body as a whole and in indi-
vidual organ systems. Thus, the alterations described in
this book are likely, on average, to be presented in geriat-
ric surgical patients, but each individual patient will mani-
fest these changes differently. The reader is encouraged to
develop expertise and judgment to identify those areas in
need of improved approaches with the goal of developing
an evidence-based practice for perioperative geriatric
care. To facilitate this, each chapter identifies gaps in our
knowledge that are meant to stimulate investigation to
extend our knowledge of geriatric anesthesiology through
future research.

History of Geriatric Anesthesia

Interest in geriatric anesthesia can be found as far back as the
mid-1940s in the form of a journal article [4] and in the
1950s with a textbook [5], but very little can be found there-
after until the mid-1980s when five textbooks appeared [6—
10]. Medical meetings such as the American Society of
Anesthesiologists (ASA) annual meeting did not have much
specific geriatric content until the mid-1980s, but the
Geriatric  Anesthesia Symposium held at Washington
University was an exception. Believing that geriatric anes-
thesia was not receiving the attention it deserved, Dr.
C. Ronald Stephen, department chair, assigned Dr. William
Owens to organize the multiday meeting held annually in St.
Louis, MO, from 1974 to 1994 [11].

Awareness of the importance of geriatric anesthesia began
to gain momentum in earnest in the early 1990s when the
ASA formed the Committee on Geriatric Anesthesia in 1991.
The first meeting was held in July 1992. The creation of a
formal geriatric section of the ASA proved fortuitous because
not long thereafter the American Geriatrics Society (AGS)

J.G. Reves et al. (eds.), Geriatric Anesthesiology, DOI 10.1007/978-3-319-66878-9_1


mailto:revesj@musc.edu

4

J.R. McSwain et al.

began reaching out to ten surgical-related specialties. The
AGS needed each specialty to participate in strategic plan-
ning meetings, and anesthesiologists were drawn from the
ASA Committee on Geriatric Anesthesia. Simultaneously,
the American Federation for Aging Research sponsored two
separate 2-year fellowships in geriatric anesthesia that ran
from 1992 to 1994, but this was a one-time program.

The ASA Committee on Geriatric Anesthesia has always
focused on providing educational opportunities. From 1998
onward, the Committee has organized at least one panel for
the ASA meeting every year but one. The Committee has
also developed multiple educational products over the years.
The first was the Syllabus on Geriatric Anesthesia, published
online in 2002 [12]. Later, the Geriatric Anesthesiology
Curriculum [13] and a Frequently Asked Questions docu-
ment were published by the ASA [14]. All of these docu-
ments were developed to assist the busy practitioner as well
as anesthesia residents and other health-care providers.

In an effort to improve visibility of geriatrics and estab-
lish the importance of geriatrics within anesthesiology, the
Committee developed and submitted a white paper to the
ASA Board of Directors in January of 2013. The major rec-
ommendation was to create a geriatric anesthesia educational
track for the annual ASA meeting. With acceptance of this
recommendation, the Educational Track Subcommittee on
Geriatric Anesthesia was created, and the Abstract
Subcommittee was moved out of ambulatory anesthesia into
its own entity. The track successfully “went live” at the 2016
ASA annual meeting and included an approximately a dou-
bling of the educational material presented on geriatric anes-
thesia at the meeting. This was a major accomplishment for
the Geriatric Committee and the field of geriatric anesthesi-
ology in general.

The Geriatric Committee has served as a liaison to other
medical societies and provided many expert reviews both
formally and informally. For example, when the American
Academy of Orthopaedic Surgeons wanted anesthesiologist
input into their management guidelines for hip fractures in
elderly patients, the Committee was contacted and provided
feedback [15]. Committee members have presented talks and
panels on geriatric anesthesia to other societies, including
general surgery, thoracic surgery, and geriatric medicine, as
well as to multiple anesthesia subspecialty societies.

By the late 1990s, it became apparent that there were
many more ASA members interested in geriatric anesthesia
than could be accommodated by the Committee. The desire
to provide opportunity for involvement by more ASA mem-
bers and permit greater exchange of ideas led to the forma-
tion of the Society for the Advancement of Geriatric
Anesthesia (SAGA) in 2000. From the start, the activities of
SAGA and the ASA Committee on Geriatric Anesthesia
have been intertwined. SAGA members have supported
Committee projects, in large part because their leadership

has been integral members of both groups. In addition, most
of the non-Committee members who have contributed to the
Committee’s published documents and educational pro-
grams have been SAGA members [11]. SAGA maintains an
active website [16] (www.sagahq.org) with links to many
educational materials, meetings, and grants. SAGA also has
an annual meeting that has been held during the ASA national
meeting, during which society business is conducted and a
scientific presentation is provided. Since 2007 SAGA has
made financial contributions annually to the Foundation for
Anesthesia Education and Research to support projects with
a geriatric basis. SAGA has cosponsored meetings in part-
nership with the anesthesiology departments at the Hospital
for Special Surgery in New York City and the MD Anderson
Cancer Center in Houston. SAGA remains small but has a
significant impact on geriatric anesthesia because its mem-
bers are extremely active in ASA leadership; in the anesthe-
sia community at large, educational publications; and in
research. The most prominent research topics in geriatric
anesthesia have been postoperative delirium and postopera-
tive cognitive dysfunction.

The closest outside relationship for both the ASA
Committee on Geriatric Anesthesia and SAGA has been
with the American Geriatrics Society [17]. The AGS has
taken the position that there will be too few geriatricians to
care for our aging population. Consequently, geriatric
expertise needs to be present in all medical specialties and
that training in geriatrics needs to be a part of residency pro-
grams. This concept extends to non-internal medicine spe-
cialties as well [18]. The Geriatrics for Specialists Project
began in 1994 in partnership with five such specialties and
expanded to ten specialties (including anesthesiology) in
1997. With support from the John A. Hartford Foundation,
educational grants to these ten specialties began in 1998.
The process became more established beginning in 2001,
and since then, anesthesia programs have received nine
grants to develop educational programs to enhance resident
training in geriatrics.

Through 2000, AGS sponsored meetings of AGS geria-
tricians and representatives from each of the ten non-inter-
nal medicine specialties were organized on an ad hoc basis
and were primarily planning and strategy meetings. This
structure changed with the creation of a section of the
AGS, the Section for Enhancing Geriatric Understanding
and Expertise among Surgical and Medical Specialists
known as SEGUE. The leadership Council for SEGUE
comprised leaders as described above, but SEGUE itself
now provides an educational program at the annual AGS
meeting. The specialty societies became responsible for
supporting the meetings of the SEGUE Council, and anes-
thesiology has been well represented. Dr. Jeffrey
Silverstein, one of the founders of SAGA, was also the
Council Chair from 2007 to 2009.
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The SEGUE Council has also encouraged research in
geriatric care in the nonmedical specialties. Toward this goal,
the AGS first published a monograph in which each specialty
contributed a state of the art knowledge summary and opin-
ions as to where future research needed to be directed [19].
The Council also recognized greater interest in geriatrics
could be generated if a core group of researchers and leaders
in each field were created. This goal led to the creation of the
Jahnigan award that provided not only generous research
support but support for education on geriatric medicine and
specialty-specific patient care. Beginning in 2002, approxi-
mately ten new awards have been given annually among the
non-internal medicine specialties [20]. Funding from the
Hartford Foundation was for a limited time period, so in
2011 the National Institute of Aging initiated the GEMSSTAR
[21] award to cover the research activities of the awardee.
Financial support of the educational aspect of the award
(what the Jahnigan award now represents) comes from the
individual specialties, with the Foundation for Anesthesia,
Education and Research often providing partial support for
awardees from anesthesiology. From 2002 to 2015, anesthe-
siology has received a total of 11 awards. Besides supporting
research, from 2001 to 2009, the AGS funded projects by
academic departments, with the goal of producing educa-
tional materials that could be shared with all training pro-
grams [22]. Nine grants were awarded in anesthesiology.
The resulting teaching materials can be found in the
Geriatrics for Specialists section of the American Geriatrics
Society website [23].

The future of geriatric anesthesia looks bright. The ASA,
as well as the European Anaesthesiology Conference, has
formal sections in their meetings that are devoted to geriat-
rics. SAGA [16] and the Age Anaesthesia Association in the
UK [24] represent societies dedicated to geriatric anesthesia.
Several recent textbooks address the field [2, 25, 26], and
considerable research is ongoing on topics that primarily
affect older patients, such as postoperative delirium and cog-
nitive dysfunction. The role of the anesthesiologist with geri-
atric expertise, however, remains to be fully defined.
Certainly such individuals need to serve as resources for oth-
ers in the specialty, but do elderly patients need to be man-
aged by specially trained anesthesiologists? At present, the
answer is “no,” but it is also clear that most anesthesiologists
could be better informed about the management of the
elderly, especially the frail elderly. This text is an attempt to
provide much of that knowledge.

Demography

The population of the world overall is increasing, and the
USA is expected to see its population grow from 314 million
in 2012 to 400 million in 2050, a 27% increase [27]. With

this population increase, there is a particularly large increase
in people 65 and over [27, 28] (Fig. 1.1). Less than 5% of the
US population was over 65 years old in 1900, and 13% were
over 65 years old in 2000. However, by 2030, according to
the US Bureau of the Census, approximately 20% of the
population may be greater than 65 years of age [28]. In 2050,
the over 65-year-old population in the USA is projected to be
83.7 million, almost double the 2012 estimate of 43.1 mil-
lion. The average life expectancy for men and women in the
USA is expected to increase from 82.5 in 2017 to 86.6 in
2050. The life expectancy varies by race and gender, but
cumulative life expectancy is increased in each group when
reaching the age of 65 and 85. This means that if one attains
each of these advanced ages, expectancy increases in the
older cohort [29]. Women life’s expectancy is greater than
men, but this difference becomes less significant as the
cohorts increase in age. People over 65 years of age are the
fastest-growing age group in the USA [30]. Of note, the
fastest-growing segment of the population is that aged
90 years and older, and this will further challenge our physi-
cians and clinical facilities.

Reasons for the marked increase in elderly patients rela-
tive to the overall population are many. A simplified explana-
tion is that both mortality and fertility rates are decreasing.
This inevitably increases the percentage of elderly.
Fundamental contributions to longevity are genetic makeup
as well as socioeconomic and geographic factors. Genes
determine what diseases develop, as well as whether drugs
are effective treatments for disease in specific people. Racial
and socioeconomic factors often contribute to longer life
with advantages found in white and economically advan-
taged populations. Another reason for the growth in the over
65 years of age cohort is the baby boom generation. The
baby boom generation is defined as people born from 1946
to 1964. As the baby boom generation progresses in age, the
percentage of over 65 should stabilize in 2030 (see Fig. 1.1).
Other contributing factors to healthy aging include medical
advances reflected by the remarkable decrease of early
deaths from ischemic heart disease and many cancers.
Improved knowledge, diagnosis, medicines, and procedures
have led to major improvements in the survival of patients
with these chronic diseases. Public health has also played a
major role in extending life expectancy. There are better
water sources, food, immunizations, sanitation, and
approaches to communicable disease that have all led to
greater survival. Finally, and importantly, lifestyle changes
have conferred longevity, for example, cessation of smoking,
regular exercise, improved diet, and drinking habits.

Within the USA, there is a nonuniform distribution of
population over 65. In the USA, Fig. 1.2 [31] shows wide
variation in each state in the percentage of population over
65. Some states have seen much greater growth in their older
populations between 1999 and 2009 than others with Alaska
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Fig. 1.1 Population aged 65 and over: 1900-2050. This figure depicts
(bars) the 65 years old population of the USA from 1900 and projected
to 2050. Note the marked increase until 2030 when the percentage
(line) of geriatric people flattens at about 22%. (For information on con-

(50.0%), Arizona (32.1%), Colorado (31.8%), Georgia
(31.4%), Idaho (32.5), Nevada (47.0%), South Carolina
(30.4), and Utah (31.0%) all experiencing 30% or more
10-year increase in their elderly population. However, in
absolute numbers of elderly citizens in the 2010 census, over
half (56.5%) of persons 65+ lived in 11 states: California
(4.3 million), Florida (3.3 million), New York (2.6 million),
Texas (2.6 million), Pennsylvania (2.0 million), and Ohio,
Illinois, Michigan, North Carolina, New Jersey, and Georgia
each having well over 1 million [31].

Like the various states in the USA, there is great varia-
tion in the world distribution of elderly people. Figure 1.3
[32] shows the forecasted change in global distribution of
people over 65. Europe and North America have the largest
percentage of over 65 among major world regions. The
USA had 13.1% of population over 65 in 2010 and is rela-
tively young compared to some countries like Germany,
Italy, Japan, and Monaco with populations of 20% over 65
[32]. The developed countries of the world tend to have the
older populations because of increased life expectancy and
reduced fertility. However, by 2050 it is predicted that 100
countries will have a population with at least 20 percent of
their population over 65. A shift in world population is pre-
dicted to occur between 2015 and 2020 when the percent-
age of people over 65 will for the first time be greater in the
world than those under 5. The less developed countries are
expected to make gains in their older populations, taxing
their ability to provide the necessary medical and social
care required by older people. The US Census Bureau has
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fidentiality protection, nonsampling error, and definitions, see www.
census.gov/prod/cen2010/doc/sf1.pdf) (Reprinted from U.S. Census
Bureau, P. et al. [32])

aptly summarized the impending growth in elderly popula-
tions of the USA and world: “Both individuals and society
need to prepare for population aging; the cost of waiting-
financial and social- could be overwhelming” [32]. It is
clear that there is a need for the medical community to pre-
pare for this major change in our demographic makeup.

Health Implications of an Aging Population

People older than 65 typically have one or more chronic dis-
eases [32]. These diseases may require specific pharmaco-
logic therapy or even surgery and may limit physical activity.
The prevalence of chronic diseases that limit activity in geri-
atric patients is shown in Fig. 1.4. Note that all diseases
increase with age, but problems with vision, hearing, and
senility become more prevalent by age 85. Arthritis is a very
common ailment that can progress even with appropriate
therapy. About 50% of people over age 65 have arthritis with
women affected more than men.

Geriatric patients can suffer from a number of chronic
cardiovascular diseases. For example, coronary artery dis-
ease is very prominent and is more common in men. Ischemic
heart disease can lead to increased risk of perioperative myo-
cardial infarction which has a high morbidity and mortality.
Valvular disease is also prevalent in the elderly and tends to
affect the aortic and mitral valves. These valves may either
be stenosed or incompetent. Altogether, 96 per 1000 people
have cardiovascular disease that significantly impacts their
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Percentage of population age 65 and over, by county and state, 2014

Tl o M2

Percentage by state

Percentage by county

25.0 or greater
20.0to 24.9
15.0to 19.9
10.0 to 14.9
Less than 10.0

U.S. total is 14.5 percent.

Data values are rounded
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SOURCE: U.S. Census Bureau, Annual Estimates of the Resident Population for Selected Age Groups by Sex for the United States, States,
Counties, and Puerto Rico Commonwealth and Municipios: April 1, 2010, to July 1, 2014 (PEPAGESEX).

Fig. 1.2 Distribution by state of people over 65 as a percent of popula-
tion. This figure shows that there is a wide variation in the over 65-year-
old population with the greater concentration in the South, Southwest,

activity [32]. This number increases to approximately 204
per 1000 over the age of 85 years, with women and men
being equally affected. The process of atherosclerosis also
affects other blood vessels in the body jeopardizing the
integrity of the vessels themselves and the organs they sup-
ply. For example, stroke is the leading cause of severe long-
term disability and affects older Americans more frequently.
About 75% of strokes afflict people over 65 years old, and
the risk doubles every 10 years after age 55 [33]. A promi-
nent risk factor for stroke is hypertension. Hypertension
affects about half of the population over 65, and it is slightly
more prevalent in women. It should be treated aggressively
to prevent heart disease and stroke as well as contribute to a
stable hemodynamic perioperative course.

Common metabolic diseases that affect the geriatric pop-
ulation are diabetes and osteoporosis. Diabetes type 2 afflicts

Northeast, and lower Midwest. (The darker the color the higher the
percentage of a state’s geriatric population) (Reprinted from Federal
Interagency Forum on Aging-Related Statistics [66])

a large majority of older people, but surprisingly its diagno-
sis does not increase with age. Thus, diabetes is likely a
chronic disease that develops before age 65 [32]. Careful
management of diabetes is important as it is a precursor to a
number of other serious diseases, including ischemic heart
disease and stroke. Osteoporosis makes bones more brittle
and prone to fracture, and women are more likely to develop
this disease than men. The bones most affected by osteopo-
rosis are the spine, hip, and wrist. Osteoporosis can also lead
to fractures that require surgery. In fact, hip fractures are
common and can lead to serious morbidity and mortality.
Older people who have a hip fracture are three to four times
more likely to die in 3 months than those who do not suffer a
hip fracture [34, 35].

Half of the people diagnosed with cancer are 65 or
older [32, 36]. This is a result of the increased longevity
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Fig. 1.3 Percentage of population aged 65 and over: 2015 and 2050. This figure demonstrates that aging is a global problem. The number of
countries worldwide with populations over 65 greatly increases between 1015 and 2050 (Reprinted from He et al. [67])

of people as well as an increase in some cancers in the
elderly. The major significance of cancer to the anesthe-
siologist is that many patients have operations designed
to cure or palliate. Prostate and breast cancers now have
5-year survival of >90%. This is in stark contrast to lung
cancer with the low survival rate of 16%. The results of

surgical treatment of cancer are about the same as
younger patients in many types of cancer with slightly
higher complication rates seen in the geriatric population
[36]. Thus, it is reasonable to expect that as the popula-
tion ages, there will be more surgical oncologic
procedures.
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