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Foreword

Robert T. Sataloff, MD, DMA, FACS, has done it again, 
this time for the fiftieth time, and this time in col-
laboration with two expert colleagues Drs. Michael 
Johns and Karen Kost. 

Geriatric Otolaryngology, published by Thieme 
and the American Academy of Otolaryngology–Head 
and Neck Surgery Foundation, represents the fiftieth 
book published by Dr. Sataloff. For this milestone 
book, he is joined by Dr. Michael Johns and Dr. Karen 
Kost. Bob is one of the most important and prolific 
writers in the field of otolaryngology and in Aca-
demic medicine. My relationship with Dr. Sataloff 
spans almost ten years, having had the privilege of 
recruiting him as professor and chair of the Depart-
ment of Otolaryngology and Head and Neck Surgery 
and the senior associate dean for Clinical Academic 
Specialties at Drexel University College of Medicine, 
when I served as president and dean of the College 
of Medicine. During the search and recruitment pro-
cess for the chairperson of the Department of Oto-
laryngology, I recall requesting that my executive 
assistant provide me the curriculum vitae of Dr. Sat-
aloff for my review in preparation for my assessment 
of the candidates. At the time, it was customary for 
her to leave any important documents on my chair 
for my review upon returning to my office. Later that 
day, to my surprise, I saw a neatly stacked pile of doc-
uments, approximately three or four inches high, and 
I commented to my executive assistant that I did not 
need all of the curriculum vitae of all of the candi-
dates, just that of Dr. Sataloff. She smiled and replied, 
“That is Dr. Sataloff’s curriculum vitae, Dr. Homan.” 

Very few faculty members in academic medicine 
have been able to accomplish so much clinically and 
academically as Dr. Sataloff. He is the consummate 
physician, scholar, academician, and gentleman. He 
maintains an extremely busy practice and is world 

renowned in the fields of laryngology/voice disor-
ders and neurotology. Nonetheless, in this edition 
of Geriatric Otolaryngology, Dr. Sataloff, with his 
coeditors Drs. Johns and Kost, has assembled a com-
pendium which addresses the most common, acute, 
chronic, and disabling diseases and conditions which 
challenge every practitioner caring for the elderly in 
his field.

The demographics of our aging population con-
tinue to place extraordinary demands on clinicians, 
health care delivery systems, and payers. As a medi-
cal educator, primary care physician, and geriatri-
cian, I recognize the urgent need to improve the skills 
of the healthcare workforce to address the needs of 
elderly patients across all specialties. Our role as 
physicians and health care professionals is to be best 
prepared to address conditions that are potentially 
treatable, while focusing on improvement of func-
tion to improve quality of life in the personalized 
context of the patient and family. Geriatric Otolaryn-
gology will serve as an essential reference for those 
in the field of otolaryngology, as well as for many 
primary care physicians and other health-care pro-
fessionals in need of improving their diagnostic and 
therapeutic expertise in a wide array of acute and 
chronic diseases afflicting the elderly.  I congratulate 
Dr. Sataloff and his coeditors and contributors for 
publishing this important body of work.

Richard V. Homan, MD
Professor, Family and Community Medicine

CAQ, Geriatric Medicine
CAQ, Sports Medicine

President, Provost, and Dean
Eastern Virginia Medical School

Norfolk, Virginia
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The American Academy of Otolaryngology–Head and 
Neck Surgery is pleased to introduce Geriatric Oto-
laryngology. In keeping with its vision to empower 
otolaryngologist–head and neck surgeons to deliver 
the best patient care, this Foundation publication 
provides expert guidance and the most up-to-date 
information regarding the diagnosis and treatment 
of ear, nose, and throat disorders in the elderly.

As the population ages, education and training 
related to geriatric otolaryngology will become an 
important issue for healthcare providers of older 
adults. Geriatric Otolaryngology represents a com-
plete and current textbook covering the entire field. 
Filling a major gap, this book provides the reader 
with increased knowledge of current research and 
advances in geriatric otolaryngology; greater com-
petence in performing diagnostic and treatment 
measures to provide quality service to geriatric oto-
laryngology patients; and improved practice skills, 
abilities, and strategies for delivery of high-quality, 
evidence-based geriatric otolaryngology healthcare. 
This book is an essential resource for all physicians 

caring for the geriatric patient, from otolaryngolo-
gists to primary care physicians including residents, 
medical students, and allied health professionals. 

Geriatric Otolaryngology is a welcome addition to 
the Foundation’s vast collection of education program-
ming. All of the Foundation’s education initiatives sup-
port lifelong learning aimed at improving the quality 
of patient outcomes through knowledgeable, compe-
tent, and professional physicians. Thanks to a copub-
lishing agreement with Thieme, the Foundation looks 
forward to continued production of high-quality and 
practical education opportunities for our members.

Drs. Sataloff, Kost, and Johns, along with the 
many contributors, are to be congratulated for their 
practical approach and comprehensive review. Their 
enthusiasm and passion for the specialty, and tireless 
dedication to the profession, are not only admirable 
but greatly appreciated. 

Sonya Malekzadeh, MD
Coordinator, Education

AAO-HNSF

Foreword
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Preface

As the population ages, most otolaryngologists are 
seeing an increasing percentage of elderly patients. 
Just as pediatric otolaryngologists recognize that chil-
dren are not small adults, otolaryngologists should 
understand that appropriate treatment of geriatric 
patients requires special knowledge and skills. This 
book was written to provide otolaryngologists with 
a comprehensive overview of the current principles 
of geriatric otolaryngology.

In the first chapter, Dr. Christian Sell and col-
leagues provide a succinct review of current concepts 
in the science of aging. This information is invaluable 
in helping otolaryngologists understand and advance 
clinical management. In Chapter 2, Dr. Karen Kost 
offers an overview of the practice of geriatric otolar-
yngology. Chapter 3 provides a summary of geriatric 
syndromes, as well as insight into the establishment 
of interdisciplinary teams for geriatric management. 
Dr. Kagan also offers information about resources to 
assist the otolaryngologist in providing optimal care 
for geriatric patients. In Chapter 4, Dr. David Eibling 
outlines the special aspects of outpatient clinical 
evaluation of older patients, and in Chapter 5, Drs. 
Justicz and Hatcher elucidate unique concerns for 
operative evaluation for the older patient. In Chapter 
6, Drs. Parham, Lin, and Blakley discuss the latest con-
cepts in presbycusis, one of the most common prob-
lems in otolaryngologic practice. Chapter 7 offers 
an elegant summary of research into regenerative 
treatments for sensorineural hearing loss, provided 
by Drs. Chow and Gubbels. In Chapter 8, Dr. Sataloff 
and colleagues outline the latest concepts in hearing 
aids, including new research suggesting that binaural 
amplification may not always be the best approach 
in elderly patients. Drs. Daniel Coelho and Brian 
McKinnon have contributed an excellent update on 
cochlear implantation in the elderly in Chapter 9. 
Tinnitus is an extremely common problem in older 
patients, and this subject is reviewed in detail by 
Drs. Shea and McKinnon in Chapter 10. Dizziness 
from aging and other causes is ubiquitous in elderly 
patients and may be life-threatening if it results in 
fall-related injury. Drs. Agrawal, Rubin, and Wetmore 
cover this topic in detail in Chapter 11. In Chapter 12, 

Dr. David Edelstein summarizes the state-of-the-art 
management of sinonasal disease in older patients, 
while in Chapter 13, Drs. Richard Doty and Hussam 
Tallab review the diagnosis and treatment of taste 
and smell disorders in older patients. In Chapter 14, 
Dr. Karen Calhoun provides insight into the special 
considerations in the clinical management of aller-
gies and asthma in the geriatric population.

Diagnosis and treatment of voice disorders in the 
elderly are reviewed in depth by Drs. Sataloff and 
Kost in Chapter 15; and in Chapter 16, Dr. Ozlem 
Tulunay-Ugar summarizes the complex issues of 
managing swallowing disorders in older patients. 
Sleep disturbance is seen almost routinely in the 
geriatric population, and this complex subject is dis-
cussed in a clinically practical manner in Chapter 17 
by Drs. Larsen and Gillespie. Facial plastic surgery 
is sought commonly by elderly patients who wish 
to look less elderly. Dr. J. Regan Thomas provides a 
superb review of this subject in Chapter 18. Disorders 
of the oral cavity are seen frequently in the geriatric 
population and are reviewed in elegant detail by Drs. 
Regenbogen and Trochesset in Chapter 19. Chapters 
20 and 21 include comprehensive discussions of the 
management of cancer in older patients, and Drs. 
Malloy, Stucken, Patel, Chai, and Chalian stress impor-
tant concepts that might make management different 
from that which would be offered to younger patients. 
In the final chapter, Drs. Swirsky-Sacchetti and Mosti 
have contributed a thorough discussion of the neu-
ropsychological evaluation and treatment of geriatric 
patients. Cognitive assessment may be invaluable to 
the otolaryngologist in making decisions about treat-
ment approaches and surgical management, includ-
ing issues surrounding surgical consent.

Like all books on relatively new subjects, Geriatric 
Otolaryngology is not completely inclusive. Rather, 
it is intended to provide an introductory, compre-
hensive overview of selected topics. The discipline 
is evolving rapidly; we suspect that we will be well 
along in preparation of the second edition when the 
first edition is released. Nevertheless, we hope that 
our readers find this book informative, convenient, 
and clinically practical.
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1

The Science of Aging
Alessandro Bitto, Chad A. Lerner, and Christian Sell

 ■ Introduction
The demographics of the developed world are shift-
ing dramatically due to an increase in life expec-
tancy and a decline in the fertility rate. By the year 
2030, the U.S. Census Bureau projects that individu-
als aged > 65 years will make up almost 20% of the 
total population.1,2 This represents an increase of 
36 million in the > 65 age group, with an increase 
of 10 million among those aged > 80 years.1 Fig. 1.1 
demonstrates the changing survival curve for the 
U.S. population based on data from the U.S. Social 
Security Administration projected out to 2100.3 The 
survival curve becomes more “square” over time, 
indicating an increased time to first deaths, due 
largely to a decreased death rate in the first half of 
life. Mean lifespan increases dramatically, while the 

increase in maximum lifespan, represented by the 
final 10% of the population, is far from dramatic. The 
discrepancy between gains in mean and maximum 
lifespan can be understood if one considers that early 
life losses are primarily due to extrinsic factors, the 
impact of which were diminished over the past cen-
tury through advances in sanitation and health care 
and the availability of antibiotics and vaccines.4 The 
decrease in early life mortality produces the shifts in 
the survival curves seen in Fig. 1.1. The data for age-
specific mortality broken down by 10-year inter-
vals for the U.S. population in 1900, 1939, and 2000  
(Fig. 1.2) indicate a reduction in mortality rates at all 
ages, with the most dramatic reduction in the first 
15 years of life.5 Interestingly, for all time periods 
examined, the lowest mortality rate occurs in the 
5 to 14 year age group. The mortality rates increase 

1

Fig. 1.1 Projected survival curves for the United States in the years 1900, 2000, 2025, 2050, and 2100. (From Bell FC, Miller ML. 
Life Tables for the United States Social Security Area 1900–2100. Actuarial Study No. 120. Social Security Administration; 2000. 
http://www.ssa.gov/oact/NOTES/as120/LifeTables_Body.html.)

http://www.ssa.gov/oact/NOTES/as120/LifeTables_Body.html
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and eventually undergo a growth arrest known as 
cellular senescence. The senescence growth arrest is 
a p53-mediated arrest that appears to serve multiple 
functions, including tumor suppression and immune 
activation.7 Interestingly, cells from shorter-lived 
species such as the mouse demonstrate a greatly 
reduced genomic stability relative to cells from long-
lived species such as humans. Mouse cells escape 
senescence and generate immortal transformed cell 
lines that have unstable genomes and exhibit multi-
ple genetic rearrangements.8 In contrast, human cells 
will transform spontaneously at a rate of less than  
1 × 10-6.9 The difference in genomic stability between 
these species is thought to contribute to differences 
in the rates of both cancer and mortality.

 ■  Aging Is Characterized by an 
Increased Vulnerability to 
Disease

The most accurate definition of the aging process 
as it relates to an organism is that aging is char-
acterized by an increasing inability to maintain 
homeostasis in multiple organ systems, giving 
rise to an increased vulnerability to disease. Data 

with increasing age from this time on in all three 
populations. In contrast to mean lifespan, maximum 
lifespan exhibits only a modest increase, from 95 
to 100 years, between 1900 and 2000. This reflects 
the fact that the intrinsic aging process has not been 
impacted to the same degree as the specific patholo-
gies that underlie early life mortality.

Interestingly, the effects of the intrinsic aging 
process can be observed across species. For example, 
the mortality rate in mice, when examined as a per-
centage of lifespan completed, is very similar to that 
in humans (Fig. 1.2), despite a relatively abbreviated 
mouse lifespan, on the order of 2 to 3 years. Note that 
the shape of the polynomial trend line for the mouse 
mortality rate in Fig. 1.3 exhibits a nadir early in life 
similar to that in humans (~ 10 years in Fig. 1.2). Simi-
larly, a late-life rise in the mortality rate is evident in 
both species, beginning at ~ 50% of lifespan completed. 
In humans, this correlates with the 45 to 55 year age 
range. The similarity in mortality rate curves between 
the mouse and human suggests that the intrinsic rate 
of aging is similar in the two species, but it follows a 
very different trajectory in absolute terms. At the cel-
lular level, the genomic stability of cells from these 
two species reflects this difference.

Cells from primary explants of tissues from mul-
tiple species have been tested for their growth prop-
erties.6 Normal cells proliferate for a finite period 

Fig. 1.2 Age-specific mortality rates for the United States in the years 1900, 1937, and 2000. (Calculated from Bell FC, Miller ML. 
Life Tables for the United States Social Security Area 1900–2100. Actuarial Study No. 120. Social Security Administration; 2000. 
http://www.ssa.gov/oact/NOTES/as120/LifeTables_Body.html.)

http://www.ssa.gov/oact/NOTES/as120/LifeTables_Body.html
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in middle age and rise progressively thereafter, 
reflecting the greater vulnerability to multiple dis-
eases in line with an intrinsic aging process. The 
inability to maintain homeostasis, which contrib-
utes to this vulnerability, is evident in the example 

from the Centers for Disease Control and Preven-
tion support this definition. In Fig. 1.4, deaths per 
100,000 population from cancer, heart disease, and 
cerebrovascular disease are shown as a function of 
age. Deaths from these diseases increase sharply 

Fig. 1.3 Age-specific mortality rates in a laboratory mouse strain housed under pathogen-free conditions. (Data are recalculated 
from Lorenzini A, Salmon AB, Lerner C, et al. Mice producing reduced levels of insulin-like growth factor type 1 display an increase 
in maximum, but not mean, life span. J Gerontol A Biol Sci Med Sci 2014;69(4):410–419.)

Fig. 1.4 Mortality rates due to all 
causes, heart disease, cerebrovascular 
disease, Alzheimer disease, and neo-
plastic disease in the year 2011 for the 
United States. Vulnerability to disease 
is represented beneath the graph. 
(Data are based on 2011 tables from 
the Centers for Disease Control and 
Prevention, Atlanta, GA.)
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1889, August Weismann made the observation that 
aging is a property of the somatic tissues and not 
the germline, which possesses an unlimited capacity 
for self-renewal. The concept Weismann developed 
stands on two principles: (1) that the germline is 
immortal, whereas the somatic cells are mortal; and 
(2) that aging allows for the removal of older individ-
uals to make space for the next generation.16 A syn-
thesis of evolutionary theory and the aging process 
by Peter Medawar in 1952 led to the concept that 
aging is not under selective pressure, because repro-
duction occurs relatively early in life and few organ-
isms in the wild live to advanced age. Thus, aging as a 
phenomenon is restricted to protected environments 
and is likely due to an inability to repair damage 
beyond the reproductive phase of life.17 The concept 
that aging occurs in postreproductive organisms has 
led to the theory of antagonistic pleiotropy.18 This 
theory states that mutations which benefit an organ-
ism early in life may have negative effects later in life. 
According to antagonistic pleiotropy, mutations that 
increase reproductive fitness may contribute to age-
related declines in the same organism. For example, 
a rapid developmental rate may enhance reproduc-
tive fitness in a subset of organisms within a popula-
tion, but this advantage may lead to increased cancer 
risk in these individuals as they age.

Building on the concept of a tradeoff between 
fitness and longevity inherent in the antagonis-
tic pleiotropy theory and based on the idea that 
an organism must allocate limiting resources to 
either maintenance or longevity, Thomas Kirkwood 
developed the disposable soma theory of aging.19 
The disposable soma theory postulates that insuf-
ficient energy is available to the organism for the 
maintenance of both germline and soma, forcing 
an allocation of resources that leads to the eventual 
deterioration of the somatic tissues. The theory has 
traditionally centered on the allocation of energy in 
the form of adenosine triphosphate (ATP); however, 
we have developed the concept that time is the most 
likely limiting resource that constrains longevity.20,21 
In this iteration of the disposable soma theory, the 
time allotted for repair of genomic damage is limited 
due to evolutionary pressure, and it is time, rather 
than energy, that represents the limiting resource for 
an organism.

Recently, the possibility that aging may be sub-
ject to a level of regulation has been put forth. Trivial 
arguments have been made based on the fact that 
single gene mutations can influence longevity, but 
more rigorous arguments have been posed by pop-
ulation biologists.22 These arguments propose that 
aging of individuals is an altruistic trait that may lead 
to enhanced overall fitness of the population.23

Several theories proposing the accumulation of 
specific types of damage as a primary cause of aging 
have gained widespread attention. These theories are 
properly placed under the umbrella of the disposable 

of age-related changes in lung function. Both forced 
expiratory volume and response to hypoxia are 
reduced with age, reflecting a progressive decline 
in lung function, whereas the loss of reserve capac-
ity in the lungs is an excellent example of the 
reduced dynamic capacity that characterizes aged 
organisms.10,11 Underlying the differences in func-
tional parameters are changes in lung architec-
ture due to intrinsic aging. These changes lead to 
reduced function that requires compensation to 
maintain normal physiology. Age-related changes 
and compensatory responses become more pro-
nounced with increasing age, eventually producing 
the greater vulnerability to disease characterized 
by the curves in Fig. 1.4. Similar change occurs in 
all organ systems as a function of age, resulting in 
the eventual loss of dynamic range and lack of com-
pensatory response typical of the aged organism.

 ■  Biological versus  
Chronological Age

Individual variation in the aging process suggests 
that chronological age may not be the best nor the 
most clinically relevant measure of the age of an 
individual. Efforts have therefore been undertaken 
to identify biomarkers of age that can be used to 
assess the true age of an individual. Although these 
efforts have not yet produced any marker or group 
of markers that can serve this purpose to the sat-
isfaction of the scientific community, the National 
Institute on Aging continues to support efforts to 
define biomarkers of aging for their potential clini-
cal impact.12 In addition, systematic approaches to 
understand individual differences in the rate of aging 
involve large-scale genetic analyses of populations 
that enjoy exceptional longevity. The Einstein Ashke-
nazi Longevity Study in New York has enrolled more 
than 700 individuals. The New England Centenarian 
Study at Harvard likewise has also enrolled more 
than 700 individuals, whereas the Southern Italian 
Centenarian Study has enrolled more than 900 indi-
viduals. Thus far, these groups have identified poly-
morphisms associated with longevity in the ApoE, 
IGF receptor, and Lamin A genes.13–15

 ■ Theories of Aging
Multiple theories of aging have been proposed. Some 
suggest that specific types of damage, such as DNA 
damage or mitochondrial dysfunction, drive the 
aging process, whereas others examine aging from 
an evolutionary perspective. The most general ques-
tion regarding aging asks why organisms age at all. In 
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and suppresses GHRH, thereby completing part of a 
regulatory circuit known as the somatotropic axis. 
Six IGF-1 binding proteins (IGFBPs) are involved in 
regulating IGF-1 bioavailability. The major carrier for 
IGF-1 in the blood is IGFBP3, which combines with a 
protein known as the acid labile subunit to form the 
circulating IGF-1 complex. The remaining IGFBPs are 
expressed in a tissue-specific manner and are impor-
tant for bioactivity in specific tissues and cells. The 
specific IGFBPs expressed can affect cell responses to 
IGF-1, including whether to adopt a proliferative or 
migratory phenotype, for example.31

IGF-1 is a major determinant of body size dur-
ing prenatal growth and development. In mice, the 
IGF-1 knockout and IGF-1/IGF-1R double knockout 
are lethal to neonates, which show reductions of 60% 
and 45% in birth weight, respectively, compared with 
normal pups.32 The influence of IGF-1 on growth 
in humans is similar. In one case report, a patient 
homozygous for IGF-1 deletions in exons 4 and 5 
was 40% of normal weight at birth, with continued 
growth retardation at 15 years.33 In Laron syndrome, 
a type of dwarfism, the GH receptor is mutated and 
unable to stimulate IGF-1 expression. Children born 
with this disorder exhibit reduced GH signaling and 
present with several growth-related defects, includ-
ing small organ size, weakened hair and nail growth, 
and sarcopenia.34 There are no reports indicating that 
patients with Laron syndrome experience increased 
lifespan; however, mice modeled after the Laron 
mutation, through ablation of the GH receptor, are 
dwarfs and exhibit a significant increase in lifespan 
(Table 1.1).

The deleterious effect that a severe loss of IGF-1 
or its receptor confers on viability in mice is in 
remarkable contrast to low to moderate reductions 
in ILS. Kenyon et al first reported that a hypomorphic 
mutation in the Caenorhabditis elegans IR homo-
logue Daf-2, increases lifespan. The worms harboring 
this mutation achieved a 300% increase in lifespan.35 
Studies in Drosophila expressing a hypomorphic 
IR showed an 85% increase in lifespan as well as 
decreased body size.36 The IR homologues in worms 
and flies both respond to a variety of “insulin-like 
peptides” and are evolutionarily diverged from the IR 
and IGF-1R in vertebrates, which respond to distinct 
hormone ligands. Despite these differences, ILS is a 
highly conserved intracellular signaling pathway and 
transgenic mouse models that express reduced lev-
els of IGF-1 or that are heterozygous for the IGF-1R 
achieve a range of small to modest increases in lifes-
pan accompanied by dwarf phenotypes (Table 1.1). 
Mouse models such as the Ames dwarf that achieve 
a reduction in circulating IGF-1 through impaired 
GH production reach the longest lifespan, sparking 
debate as to whether GH signaling has an indepen-
dent role in lifespan extension that enhances reduced 
ILS. Fibroblasts derived from the long-lived Ames 
and Snell dwarf mice, for example, exhibit resistance 

soma theory because they deal with potential mech-
anisms whereby the soma may become dysfunc-
tional with age. One of the more prominent of these 
wear and tear theories is the free radical theory of 
aging championed by Denham Harman in the 1950s. 
At this time, the role of the oxygen free radical as a 
mediator of radiation damage was discovered, and it 
was postulated that the accumulation of free radi-
cal damage might underlie age-related functional 
decline.24 Because mitochondria are believed to be 
the primary source of free radicals within the cell, 
the free radical theory has been intertwined with 
the mitochondrial theory of aging, which postulates 
that mitochondrial-generated free radicals are a 
major source of age-related damage.25 However, free 
radicals can be generated by other cellular organelles 
such as peroxisomes,26 and mutations inducing mito-
chondrial dysfunction have been found to increase 
lifespan in some cases, generating discussion as to 
the true role of mitochondrial dysfunction in aging.27 
Similarly, DNA damage has been put forth as the pri-
mary cause of aging.28 There is evidence for an accu-
mulation of DNA damage with age,29 and mutations 
that decrease DNA repair capacity induce premature 
aging, but it has recently become clear that DNA 
damage responses are more important in aging than 
DNA damage per se.30 Some arguments have impli-
cated other types of damage, such as glycation end 
products (caused by nonenzymatic protein linkage 
of carbohydrates) as primary drivers of aging. But, 
rather than the absolute level of damage, it is likely 
that the balance between the accumulation of dam-
age to macromolecules or organelles and the integ-
rity of the complex repair and clearance mechanisms 
that exist to remove this damage is critical to the 
aging process.

 ■  Increased Longevity Resulting 
from Single Gene Mutations

A remarkable series of experiments has demonstrated 
that longevity can be influenced strongly by single 
gene mutations. The insulin-like signaling (ILS) path-
way has emerged as a major mediator of longevity 
in multiple species. In mammals, the ILS pathway is 
mediated through the binding of insulin-like growth 
factor type 1 (IGF-1) to the IGF-1 receptor (IGF-1R) in 
the plasma membrane. Although IGF-1 is expressed in 
almost all tissues in an autocrine and paracrine fash-
ion, the majority of circulating IGF-1 is released into 
the circulation by the liver. The regulation of IGF-1 
expression is intimately linked to growth hormone 
(GH) signals emanating from the neuroendocrine 
system. GH is released into the blood by the pituitary 
gland in response to growth hormone releasing hor-
mone (GHRH) produced in the hypothalamus. After 
IGF-1 is produced, it feeds back on the hypothalamus 
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lutionary spectrum. For example, S. cerevisiae accu-
mulate extrachromosomal ribosomal-DNA circles 
and depolarized mitochondria with age,42,43 whereas 
aging C. elegans accumulate lipofuscin,44 an insoluble 
aggregate of oxidized proteins and lipids,45 in their 
intestinal cells. In higher eukaryotes, damaged organ-
elles and proteins accumulate in long-lived post-
mitotic tissues, such as skeletal muscle, heart, liver, 
and brain.8,17,18,46,47 Cells in these organs exhibit higher 
levels of damaged and dysfunctional cellular compo-
nents with age. Neurons, astrocytes, microglia, hepa-
tocytes, and cardiomyocytes accumulate lipofuscin 
deposits and other protein aggregates48–50; rhabdo-
myocytes accumulate mitochondria with oxidized 
bases in their DNA and show increased production 
of reactive oxygen species and decreased activity51; 
whereas cardiac myocytes accumulate impaired 
mitochondria with increased fragmentation of mito-
chondrial DNA.50,52 In regenerating tissues, cellular 
damage can impair the proliferative capacity by 
affecting stem cells and the stem cell niche, reducing 
the organism’s ability to restore bone, intestine, skin, 
muscle, kidney, and blood. Compared with mesen-
chymal stem cells from younger donors, those from 
older donors have been shown to exhibit higher lev-
els of oxidized proteins, lipofuscin aggregates, and 
advanced glycation end products, as well as reduced 
proliferation and differentiation potential.53

to H2O2, paraquat, and ultraviolet (UV) light.37 Cells 
from other long-lived mouse models have also been 
assessed and exhibit stress resistance to various tox-
ins and oxidants as well.38 Thus resistance to stress 
appears to be an important factor contributing to the 
increased lifespans in these mice.

 ■  Decreased Cellular Function 
during Aging

Aging tissues present increasing loss of function that 
is associated with structural damage and alteration. 
For example, the liver of aged mammals has reduced 
xenobiotic metabolism and hepatobiliary function, 
among other functional declines.39 In skeletal muscle, 
loss of mass and reduced contractile capacity corre-
late with reduced plasticity and loss of neuromuscu-
lar junctions, causing atrophy of muscle fibers40; and 
in the heart, reduced function arises from increased 
fat deposits, fibrosis, and changes in conductivity.41 
As discussed previously, changes are also seen in the 
lungs, where reduced function is affected primarily 
by structural changes in the alveoli and capillaries.11

These age-related changes are often the conse-
quence of loss of homeostasis at the cellular level, 
a process common to many species across the evo-

Table 1.1 Lifespan extension in mice harboring mutations in the GH/IGF-1 axis

Mouse Mutation Mechanism Key phenotype

Max 
lifespan  
% increase

Studies 
(see 
page 10)

Ames dwarf Prop1 Pituitary defect GH and IGF-1 deficiency 68 1

Snell dwarf Pit1 Pituitary defect GH and IGF-1 deficiency 42 2

Little (lit/lit),
ghrhr-/-

Suppressed GH release GH and IGF-1 deficiency 24 2,3

Laron GHR/BP-/- Unresponsive to GH IGF-1 deficiency 55 4,5

IGF-1R KO IGF-1R+/- Heterozygous for IGF-1R Reduced number of IGF-1 
receptors

33 6

Midi IGF-1 exon 3neo/neo Hypomorphic for IGF-1 Reduced IGF-1 and  
increased GH

18 7

p66sch KO p66sch -/- IGF-1 intracellular 
signaling molecule

No change in IGF-1 30 8

PAPP-A KO PAPPA-/- Metalloproteinase Reduced IGF-1 and GH 41 9

IRS1 KO IRS1-/- IGF-1 intracellular 
signaling molecule

No change in IGF-1 32 10

IRS2 KO IRS2+/- IGF-1 intracellular 
signaling molecule

No change in IGF-1 17, 18 
in brain 
specific

11

Abbreviations: GH, growth hormone; GHR, growth hormone receptor; ghrhr, growth hormone releasing hormone receptor;  
IGF-1, insulin-like growth factor type 1; IRS, insulin receptor substrate; PAPPA, pregnancy-assisted plasma protein-A;  
Pit, POU domain, class 1, transcription factor 1; Prop, prophet of PIT-1.
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gies. Moreover, senescent cells have been shown to 
promote the proliferation of preneoplastic cell lines 
in vivo.71 The senescence-associated secretory phe-
notype, which contains proinflammatory cytokines, 
matrix metalloproteinases, and growth factors may 
contribute to cancer progression and metastasis, as 
well as neurodegenerative disorders, inflammatory 
disease, metabolic dysfunction, and other conditions 
that preferentially affect the elderly.7,72 The expression 
of retinal pigmented epithelial differentiation factor, 
a key mediator of angiogenesis and stem cell survival, 
is also decreased in senescent mesenchymal cells.73

The immune system undergoes a series of changes 
during aging that result in a decreased response to 
new pathogens, termed immune senescence. Immune 
senescence is characterized by decreases in cell sig-
naling, cytokine secretion, and proliferation that 
result in impaired effector B and T cell responses.74,75 
Shifts in CD4 and CD8 lymphocyte subsets and pro-
liferative responses have been demonstrated in aged 
individuals and have been associated with increased 
mortality.76 Thymic involution, due to the potential 
loss of newly emigrating naive CD4+ T cells, may con-
tribute to loss of immune response during aging.77 
However, homeostatic proliferation in the periphery 
is sufficient to maintain the naive T cell population, 
making for a complex relationship between thymic 
involution and immune senescence. Reduced vaccine 
response in aged individuals limits the efficiency of 
vaccination and reflects immune senescence in the B 
cell lineage.78 Interestingly, the loss of immune func-
tion during aging occurs in a situation in which gen-
eralized inflammation is increased. Increased levels 
of proinflammatory cytokines and acute-phase pro-
teins are typical of advanced age in both humans and 
mice.79 The concept that inflammation is a key com-
ponent of decreased functionality in aged individu-
als has become central in biogerontology.80,81

 ■ Stem Cells and Aging
Functional attrition in stem cell compartments with 
age has been documented in mice in multiple tissues, 
including skeletal muscle, bone, and brain.82–84 The idea 
of tissue stem cell exhaustion as a potential contribu-
tor to aging has become an attractive concept, given 
the reduced ability of multiple tissues to repair and 
regenerate in aged individuals. An intriguing series of 
experiments has shown that exposure of an aged stem 
cell compartment to circulating factors from younger 
animals via heterochronic parabiosis allows greater 
regeneration following injury85; the factor GDF11 
has been implicated.86 Supplementation with GDF11 
in mice appears to improve several aspects of aging, 
including thymic involution and skeletal muscle repair. 
However, other studies suggest that intrinsic defects 
present in stem cells from aged skeletal muscle pre-
clude simple restoration of circulating factors to restore 

It is generally accepted that dysfunctional organ-
elles, oxidized and aggregate-prone proteins, DNA 
damage, and other damaged macromolecules con-
tribute to the loss of biological function seen in aged 
organisms.29,30 In line with this idea, several mod-
els of accelerated aging are characterized by either 
increased accumulation or reduced turnover of dys-
functional organelles and/or proteins. “Mutator” 
mice, for example, rapidly accumulate dysfunctional 
mitochondria because of a mutation that impairs the 
proofreading activity of mitochondrial DNA poly-
merase γ. Increased levels of dysfunctional mitochon-
dria reduce lifespan in these mice and increase the 
incidence of age-related conditions, including alope-
cia, anemia, kyphosis, osteoporosis, weight loss, and 
cardiac hypertrophy.31,32 Importantly, mitochondrial 
DNA mutations also accumulate in aging humans 
and impair mitochondrial function in many tissues, 
including heart, skeletal muscle, brain, and colon.30

 ■  Cellular Senescence as a 
Contributor to Aging

Senescence is a cellular stress response to insults 
that include oxidative and genotoxic stress, telomere 
attrition, and dysregulated mitogenic signaling. In 
mammals, the response is mediated through two 
pathways, the p53/p21CIP1/WAF1 and p16INK4A/Rb path-
ways, which appear to establish senescence with 
different kinetics.7,54–56 The DNA damage response 
pathway generally mediates the initial response by 
increasing levels of p21CIP1/WAF1; only at later times 
is senescence reinforced by expression of p16INK4A/

RB.55,57 The p38 mitogen-activated protein kinase (p38 
MAPK) pathway also may play a role in establish-
ing senescence via signaling into the DNA damage 
response pathways.7,58,59

The senescent state is characterized by signifi-
cant changes in cell morphology and activity. Senes-
cent cells are increased in size,60 and they exhibit 
increased activity of the lysosomal senescence-
associated β-galactosidase,61 persistent DNA-damage 
response signaling, DNA damage foci (DNA segments 
with chromatin alterations reinforcing senescence 
known as senescence-associated heterochromatin 
foci [SAHFs], and telomere-dysfunction-induced foci 
[TIFs]),56,62,63 chromatin rearrangements and forma-
tion of SAHFs,64 increased activation of p38 MAPK,65,66 
and loss of lamin B1 expression.67 In addition, the 
expression of specific cytokines, growth factors, 
and proteases creates a senescence secretion profile 
that differs markedly from that of the presenescent 
cell.68,69 Importantly, the clearing of senescent cells 
positive for  p16INK4A has been shown to ameliorate the 
premature aging phenotype in at least one progeroid 
mouse model,70 suggesting that the accumulation of 
senescent cells contributes to age-related patholo-
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can provide an assessment of frailty, and a functional 
frailty score has been developed to objectively assess 
frailty in individuals and assist with clinical manage-
ment of the elderly.94 Interestingly, an accumulat-
ing body of evidence suggests that relatively simple 
interventions targeted toward increasing mobility 
and strength have a measurable impact on clinical 
outcomes.95 Lifestyle changes are likely to have the 
most dramatic effect on functional outcomes in the 
elderly, particularly in developed countries where 
dietary changes and sedentary lifestyle have cre-
ated an epidemic of obesity and type 2 diabetes.96,97 
Increasing physical activity in a meaningful way 
for a large portion of the population will be a chal-
lenge for health care in the United States and may 
require a broad public awareness campaign similar 
to that initiated to reduce smoking. These types of 
interventions, in combination with advanced thera-
pies involving stem cells, cell targeting therapies, and 
targeted hormone therapies, are likely to provide a 
positive impact on the aging process.

these aged tissues.87 Studies on bone marrow–derived 
stem cells indicate that the proliferation of these cells 
decreases with age and that the differentiation path-
way becomes biased toward a myeloid lineage.88,89 Fur-
ther studies on a population of very small embryonic 
stem cells indicate that this interesting population of 
circulating stem cells also decreases with age. Nota-
bly, these cells are influenced by the GH/IGF-1 signal-
ing pathway linked to lifespan modulation.90 From this 
limited sampling of the literature, it appears likely that 
the potential for functional intervention during aging 
will develop as our understanding of adult stem cell 
compartments and biology increases.

 ■ Frailty and Aging
Frailty in the elderly is a major clinical concern, and 
measures of frailty are predictors of clinical outcomes 
in multiple settings.91–93 A simple 6-minute walk test 
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doubled each decade since 1950 in more developed 
countries.2,3 These changes affect the traditional 
representation of populations as a pyramid. As the 
number of older people increases, and the number 
of younger people decreases, the pyramid takes on a 
square configuration, possibly eventually becoming 
inverted if current trends continue (Fig. 2.1).4

Global aging is a success story with people liv-
ing longer and generally healthier lives, particularly 
in developed countries. Increased life expectancy 
reflects several health transitions occurring around 
the globe at different rates. Changes affecting life 
expectancy include the following:

• Shift from high to low fertility
• Increase in life expectancy at birth and at 

older ages
• Shift from infectious and parasitic diseases 

to noncommunicable diseases and chronic 
conditions

• Economic development
• Ongoing medical advances
• New drugs

Sustained growth of the world’s older popula-
tion, however, also creates important challenges.5 
Population aging affects economic growth, formal 
and informal social support systems, and the abil-
ity of states and communities to provide resources 
for older citizens. The “old-age dependency ratio” 
reflects the proportion of young individuals available 
to support the old in our society.1 Currently, there are 
~ 5 individuals supporting every elderly person, with 
a ratio of ~ 20. By 2050, it is estimated that there will 
only be 2.5 supporting individuals for every elderly 
person, with a ratio of ~ 40. Despite some recognized 
shortcomings of this ratio, it is nonetheless useful as 
a crude indicator of the level of economic and physi-
cal dependency of the geriatric population. Fur-
thermore, the elderly consume a disproportionate 
amount of the total health care resources available. 
Attempting policy adjustments such as changes in 
retirement ages and medical benefits may be pain-
ful and unpopular. Nonetheless, it is incumbent upon 

 ■ Changing Demographics
Since the beginning of recorded human history, 
young children have outnumbered older people. In 
a shifting global trend, people over the age of 65 
will soon outnumber children under the age of 5. As 
a result of declining birth rates and increasing life 
spans, the geriatric age group is the fastest-growing 
segment of our society.1 In 2006, almost 500 million 
people worldwide were 65 and older, accounting for 
8% of the world’s population. By 2030, that total is 
projected to increase to 1 billion or more, amount-
ing to one out of every eight, or 12.5% of the Earth’s 
inhabitants. Of note, the most rapid increases in the 
65 and older population are occurring in developing 
countries, which will witness a jump of 140% by the 
year 2030. In the United States alone, fully 20% of the 
population will be 65 or older by the year 2030. The 
median age of North Americans has seen a rise from 
30 in 1960, to 34 in 1994, and is estimated to reach 
41 by 2030.1 An important, and sometimes over-
looked, feature of population aging is the progressive 
aging of the older population itself.2,3

Over time, more older people are surviving to 
even more advanced ages. The “oldest old” are often 
defined as people age 85 and over. Because of chronic 
disease, the oldest old have the highest population 
levels of disability that require long-term care. Conse-
quently, they also consume public resources dispro-
portionately when compared with those in younger 
age groups. The health, economic, and social needs of 
this group differ significantly from those of patients 
aged 65 to 84. The oldest old currently account for 
7% of the world’s population aged 65 and over: this 
number rises to 10% in more developed countries and 
falls to 5% in less developed countries. In the United 
States, as the number of oldest old increases, it is 
estimated that they will account for 14% of the popu-
lation by 2040. People of extreme old age, defined as 
100 years of age or more, are referred to as centenar-
ians. Although they currently constitute a small por-
tion of the total population in most countries, their 
numbers are growing quite dramatically, having 
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vation that “old folk need plenty of sleep”; he sug-
gested that their bodies should be anointed with oil 
and even recommended exercises such as walking or 
horseback riding. Thesis III of the Canon discussed a 
diet felt to be suitable for the elderly and dedicated 
several sections to the problem of constipation in 
geriatric patients. George Day published the A Prac-
tical Treatise on the Domestic Management and Most 
Important Diseases of Advanced Life in 1851, one of 
the first publications on the subject of geriatric medi-
cine. The first modern geriatric hospital was founded 
in Belgrade, Serbia, in 1881 by doctor Laza Lazarević. 
In 1909, the term geriatrics was proposed by  

nations to quickly recognize the scope of the new 
demographic reality and adjust current and future 
policies accordingly.2,3

 ■ General Concepts in Geriatrics
The Canon of Medicine, written by Avicenna in 1025, 
was the first book to offer instruction in the care 
of the elderly, foreshadowing modern gerontology 
and geriatrics. In a chapter entitled “Regimen of Old 
Age,” Avicenna expressed concern with his obser-

Fig. 2.1 Age and sex structure of the population for the United States for the years 2010, 2030, and 2050. (Courtesy of U.S. Cen-
sus Bureau, 2012 Population Estimates and 2012 National Projections.)
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can most often be attributed to presbycusis. Other 
causes include noise-induced hearing loss, ototoxic-
ity, and cerumen impaction. The vestibular system 
is affected by peripheral degenerative changes and 
slowing of central processing. Geriatricians distin-
guish between these effects of normal aging and 
disease. The extent to which older individuals are 
affected by symptoms and disease is often a reflec-
tion of lifestyle choices and the degree of available 
“functional reserve.” The importance of this concept 
is recognized daily in health care centers. Healthy, 
high-functioning older individuals may present with 
a seemingly small medical problem, which, because 
of diminished functional reserves in multiple organ 
systems, leads to a cascade effect with multiorgan 
involvement and possibly critical illness. Several 
validated “barometers” currently exist with which to 
objectively determine functional reserve:

• Comprehensive geriatric assessment (CGA)
• Activities of daily living (ADL)
• Instrumental activities of daily living
• Exercise tolerance or gait speed
• Frailty (0–5)
Disease often presents very differently in the 

elderly, with a vague and nonspecific history that may 
include falls and confusion. Older individuals may 
minimize symptoms or delay seeking medical care. 
The multiple medications taken by many of these 
patients (polypharmacy) compound the difficulty of 
arriving at an accurate diagnosis because of possible 
drug interactions, dosing errors, and central nervous 
system side effects. In a geriatric patient, acute bac-
terial sinusitis may present with low-grade fever and 
confusion, in contradistinction to the higher fever, 
facial pressure/headache, and rhinorrhea described 
by younger patients.

Functional abilities, independence, and a high qual-
ity of life feature prominently in the top priorities of 
geriatric patients and the physicians caring for them. 
A multidisciplinary team knowledgeable in the com-
plexities of geriatric care and dedicated to promoting 
and restoring autonomy and maximizing quality of 
life in this patient population is required to achieve 
these goals. In some cases this may mean enlisting the 
help of home care services or skilled nurses. Assisted 
living facilities may constitute a good option for some 
individuals, with long-term care or hospices reserved 
for those unable to achieve any independence, even 
with appropriate care and support.

Frailty is an important and relatively common 
issue in the elderly and alters the risk–benefit ratio 
of many treatment algorithms designed for younger 
patients. Accurate evaluations of treatment risks 
based on validated measures may assist geriatric 
patients in making reasoned and thoughtful choices 
about their available options. In some instances, for 
example, they may decline risky or toxic treatments 

Dr. Ignatz Leo Nascher from New York, who was sub-
sequently recognized as a “father of geriatrics” in the 
United States. As with other areas of medicine, how-
ever, some traditional guiding ethical principles con-
tinue to apply. These include (1) beneficence, doing 
no harm, but only what will benefit the patient; (2) 
autonomy, or the right of the patient to decide what 
is best for him or her; and (3) justice, the rights of the 
patient considered in the context of what is best for 
society as a whole.4

Geriatric medicine differs from standard adult 
medicine because it focuses on the unique needs of 
the elderly person. This fundamental difference was 
formally recognized when, in July 2007, the Associa-
tion of American Medical Colleges (AAMC) and the 
John A. Hartford Foundation6 hosted a National Con-
sensus Conference on Competencies in Geriatric Edu-
cation. At this conference, a consensus was reached 
on minimum competencies, or learning outcomes, 
that were required of graduating medical students to 
assure that new residents could provide competent 
care for older patients. The American Geriatric Soci-
ety (AGS), the American Medical Association (AMA), 
and the Association of Directors of Geriatric Aca-
demic Programs (ADGAP) established and endorsed 
26 Minimum Geriatric Competencies in eight con-
tent domains. Each content domain specifies three 
or more observable, measurable competencies.

The eight domains are as follows:
• Cognitive and behavioral disorders
• Medication management
• Self-care capacity
• Falls, balance, gait disorders
• Atypical presentation of disease
• Palliative care
• Hospital care for elders
• Health care planning and promotion
The elderly are physiologically different from 

younger adults, with an expected but variable 
decline of almost all organ systems. In many cases 
these changes may be slowed or stopped with appro-
priate interventions. Indeed, there is evidence that 
age-specific medical care can reduce the rate of 
decline. With age, there is a relative loss of muscle 
mass (termed sarcopenia) and an increase in body fat. 
Exercise dramatically reduces, and to some degree, 
even reverses these changes. Similarly, although 
bone density decreases after age 30, exercise is a 
well-recognized and powerful means of slowing 
the process. In some cases, pharmacological inter-
vention is also necessary. Common cardiovascular 
changes with age include a rise in systolic blood pres-
sure and decreased cardiac output, both of which, 
again, may be mitigated by exercise. Visual acuity 
often declines with time and may be accelerated by 
macular degeneration or cataracts. Hearing loss is 
an extremely common complaint in the elderly and 
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Three major events contributed to the emergence 
of geriatric otolaryngology as a firmly established 
subspecialty.8 The first was the Geriatric Otolaryn-
gology Cherry Blossom Conference held in Wash-
ington, DC, in 1988. The meeting was attended by 
several farsighted physicians and was led by Jerome 
C. Goldstein, MD. It resulted in the publication of a 
monograph entitled Clinical Geriatric Otolaryngol-
ogy. The second event was the Geriatrics for Spe-
cialists Initiative. Dr. Joseph LoCicero III, formerly 
the chairman of the interspecialty group formed by 
the American Geriatric Society (AGS), recognized 
the brewing crisis in elderly care. The AGS realized 
20 years ago that it could not, by itself, handle the 
increasing volume of geriatric patients. It therefore 
reached out to several specialties, including otolar-
yngology, to embrace this focused subspecialty area, 
foster research and education, and ultimately bet-
ter prepare otolaryngologists for the evolving needs 
of the ever-increasing population of older patients. 
Recognition of the scope of the new demographic 
reality led to the third event, the birth of the Ameri-
can Society of Geriatric Otolaryngology (ASGO) in 
2007, a result of the foresight and leadership of its 
first president, Jerome C. Goldstein, MD.

Elderly patients account for a large and dispro-
portionate number of outpatient visits. Similarly, it is 
reasonable to expect the number of geriatric otolar-
yngology patients to account for an increasing pro-
portion of the practice of otolaryngologists. Indeed, 
in a review of geriatric patients in a general otolar-
yngology practice between 2004 and 2010, Creigh-
ton et al noted a statistically significant increase in 
the number of geriatric patients from 14.3% in 2004 
to 17.9% in 2010.9 That number is expected to dra-
matically increase to 30% by the year 2030. It appears 
that the cross section or profile of otolaryngological 
pathologies encountered during these outpatient 
visits lacks uniformity across various age groups. In 
the same study, Creighton et al demonstrated that 
as patients age, otologic complaints are increasingly 
common. The following, in order of frequency, were 
the most common diagnoses in patients over the age 
of 659:

• Hearing loss
• Disorders of the external ear
• Other ear disorders, mainly tinnitus
• Nonsuppurative otitis media/eustachian tube 

disorders
• Vertiginous syndromes/vestibular disorders
Familiarity with the unique otolaryngological 

pathology profiles of elderly patients is important 
in providing optimal care to this increasing subset 
of the population. Going forward, awareness of these 
important demographic changes in otolaryngology 
practices should translate into appropriate represen-
tation in training programs.

if they are at higher risk of dying from other causes. 
The presence of frailty significantly increases the 
risk of postoperative complications, prolongs recov-
ery times, and increases the probability of requiring 
extended care. Objective assessment of frailty in the 
elderly preoperatively allows for accurate predic-
tions of recovery trajectories.7 One frequently used, 
practical frailty scale uses five items:

• Unintentional weight loss
• Muscle weakness
• Exhaustion
• Low physical activity
• Slowed walking speed
Each item is assigned a score of 0 if absent, 1 if 

present. A healthy individual would then have the 
minimum score of 0, whereas a very frail person 
would have the maximum score of 5. Elderly indi-
viduals with intermediate frailty scores of 2 or 3 are 
twice as likely as healthy geriatric patients to have 
postoperative complications and spend 50% more 
time in the hospital, and they are three times as likely 
to be discharged to a skilled nursing facility instead 
of to their own home.7 Very frail elderly patients with 
scores of 4 or 5 who were living at home before the 
surgery have even poorer outcomes, with the risk 
of being discharged to a nursing home rising to 20 
times the rate for nonfrail elderly patients.

Polypharmacy refers to the concurrent use of sev-
eral medications and is a particularly common prob-
lem in the elderly. It is defined either by the absolute 
number of medications taken (more than five), or by 
the use of excessive or unnecessary prescriptions. In 
addition, more than half of seniors take supplements 
in the form of vitamins, minerals, or herbal prepara-
tions. Polypharmacy is associated with an increased 
risk of adverse drug reactions, drug interactions, 
and patient noncompliance. This is the result of the 
number of medications taken as well as altered phar-
macokinetics in the elderly, which include a change 
in the distribution, metabolism, and excretion of 
drugs. More specifically, a decrease in serum albu-
min, particularly in cases of malnutrition, may affect 
drug binding. Additionally, oxidative metabolism by 
the liver is diminished, and renal drug clearance is 
reduced.

Although the lists of geriatric syndromes vary, the 
following are frequently recognized: dementia, delir-
ium, falls, hearing impairment, sarcopenia, malnu-
trition, frailty, incontinence, and visual impairment.

 ■ Geriatric Otolaryngology
The effect of the shifting demographics on medi-
cal and surgical subspecialties, including that of 
otolaryngology, has been noted for some time. 
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Understanding Geriatric Syndromes, 
the Geriatric Interdisciplinary Team, 
and Resources to Optimize Care for 
Older Patients
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 ■ Introduction
Otolaryngologists, like all specialist physicians in 
any aging society, face important challenges in effec-
tively caring for older adults. Effective care requires 
looking beyond the bounds of otolaryngology to 
develop an understanding of frailty, multimorbid-
ity, and geriatric syndromes that intersect with oto-
laryngological conditions. This clinical knowledge 
provides the foundation for geriatric competence, 
affording a better capacity to collaborate with the 
geriatric interdisciplinary team (GIDT) as well as to 
target and access resources for older patients. As a 
result, geriatric patients and their family caregivers 
benefit from better integrated and coordinated care 
as well as from GIDT surveillance to reduce unmet 
needs and avoid complications.

Aging societies bear an increasing burden of 
health care need that emerges from the intertwined 
forces of elder dependency and compression of mor-
bidity.1–4 Elder dependency occurs as more people 
live longer while birth rates decline. This extension 
of life with reduction in births creates a larger pro-
portion of dependent older people to younger people 
who provide the economic base as well as care for 
elders.5 Dependent elders are those who, in demo-
graphic terms, no longer contribute economically 
to society. Underlying that dependency are implicit 
concerns of frailty and multimorbidity. However, 
compression of morbidity may mitigate dependency 
by moving time of greatest need closer to the point of 
death.1,3 Consequently, the demographic of an aging 
society creates manifold and dynamic consequences 
for health and social care needs.5 At the population 
level, frailty and multimorbidity contribute to both 
volume and complexity in care of older patients. 
Nonetheless, not all consequences in an aging soci-
ety are easily and clearly projected.1,6 Thus specialist 
physicians, as with all clinicians who are not special-
ists in the care of older people, benefit from prepara-
tion that supports competent practice in the rapidly 
evolving context of an aging society.

Geriatric competence describes the application 
of requisite knowledge for safe, effective, and quality 
care for older adults. The Institute of Medicine, along 
with authors from geriatric medicine and nursing, 
explicitly outlines that continued inattention to the 
unique characteristics and resultant needs of older 
adults in education and practice generates dire pres-
ent and future consequences to health care and to 
society.7–9 The Institute of Medicine amalgamated a 
vast collection of literature addressing the care of 
older adults, calling for a “retooling” of American 
clinical education, health care training, and care 
delivery.7 This report established the current founda-
tion for enacting geriatric competence as a require-
ment, and not an option, for all clinicians caring for 
older adults.

Geriatric competence broadly includes knowl-
edge of aging as an integral biological, psychologi-
cal, and social process; the functional consequences 
of aging along with diseases, conditions, and syn-
dromes common to later life; and the means to rec-
ognize and mitigate the risks of adverse events in the 
care of older people. Specific competencies, which 
are particular to individual disciplines, are reliant on 
social contract and scope of practice. The Associa-
tion of American Medical Colleges (AAMC) enacted 
a set of geriatric competencies for medical students, 
contemporaneously with the Institute of Medicine’s 
Retooling for an Aging America report.7,8 The AAMC 
requires that graduating medical students possess 
the following competencies: medication manage-
ment; cognitive and behavioral disorders; self-care 
capacity; falls, balance, and gait disorders; health 
care planning and promotion; atypical presenta-
tion of disease; palliative care; and hospital care for 
elders.8 Each of these competencies is detailed in the 
Appendix of this chapter.

Practice in an aging society requires otolaryn-
gologists then to look beyond their own specialty 
care toward geriatric competence. As clinicians who 
do not specialize in aging, otolaryngologists must 
achieve competence through both knowledge and 

3
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the issues of complex and intersecting pathogenesis 
and presentation along with risks of disability and 
continuing care needs are well established.10–13 Inouye 
and colleagues, in a classic work, demonstrate the 
complexity that characterizes geriatric syndromes in 
a widely known figure (Fig. 3.1).10

Frailty is ever better understood as an expression 
of aging processes that result in declining functional 
reserve. Clegg and colleagues vividly depict the dis-
tinction between fit and frail elders (Fig. 3.2). Declin-
ing reserves lead to vulnerability, which magnifies the 
effects of insults, resulting in deleterious events like a 
fall, disability, and escalating needs for care.12 Although 
debate continues over whether frailty emerges from 
phenotypic flaws13,14 or multiple deficits accumulated 
over time,15,16 vast evidence points to the manifest 
impact on older individuals and on aging societies. 
Clegg and colleagues schematize the pathophysiology 
of frailty, clearly outlining the relationships from the 
cellular to the social levels in this epigenetic phenom-
enon from which geriatric syndromes and functional 
debility in late life emerge (Fig. 3.3).11

Classification of geriatric syndromes remains 
somewhat confusing. There is no universal and 
widely accepted definition or definitive list that 
might guide nonspecialist clinicians. Geriatric syn-
dromes may be more easily understood if classified 
into antecedent and consequent syndromes. Spe-
cifically, some geriatric syndromes like frailty and 
sarcopenia seem to presage declining constitutional 
reserve.11 In essence, these syndromes are character-
ized by declining reserve at the level of cells and tis-
sues (e.g., muscle function in sarcopenia) that then 
contribute to clinically manifest syndromes like 
osteoporosis and potentiate normal aging changes 
like presbystasis. The result is consequent syndromes 
like falls. In this example, falls are obviously con-
nected to sarcopenia, presbystasis, and osteoporosis. 
However, falls result from functional effects of sar-
copenia, presbystasis, and sometimes osteoporosis, 
whereas osteoporosis also exacerbates risk of injury 
from falls. All of the syndromes implicated here con-
verge in the clinical manifestation of the apparently 
simple syndrome of falls in older adults. Moreover, 
a fall event also results in risk for other syndromes 
like delirium and pressure ulcers and engenders the 
need for an array of health and social care services in 
the frail older adult.12 In general, consensus regard-
ing geriatric syndromes suggests that, at minimum, 
falls, fear of falling, incontinence, pressure ulcers, 
sleep disorders, and anorexia with failure to thrive 
are included in the classification.

Importantly, frail older adults experiencing geri-
atric syndromes are likely to be multimorbid, a term 
describing the state of sustained, multiple comorbid 
conditions. Older adults are widely acknowledged, 
both in epidemiological studies and in clinical wis-

collaboration. The larger aim is to coordinate care 
and integrate resources to optimize care quality, 
safety, and patient and family satisfaction. This chap-
ter describes the elements necessary to achieve that 
optimal level of care for older patients.

Three elements are necessary in order for otolar-
yngologists to optimize care for older adults. First, 
knowledge of important clinical phenomena that are 
common to older adults enables the otolaryngolo-
gist to identify the interface between these clinical 
conditions and otolaryngological diseases, condi-
tions, and syndromes as well as to target areas for 
collaboration with the GIDT. Second, familiarity with 
roles and responsibilities with the geriatric interdis-
ciplinary team as well as colleagues who can offer 
collaboration when a GIDT is not available enables 
the otolaryngologist to promote care coordination, 
ensure transitional care, and avoid fragmentation. 
Both knowledge of geriatric phenomena and collab-
oration with a GIDT or geriatric colleagues require 
routine continuing education and the savvy use of 
geriatric resources. Third, knowledge of and means 
to access local and national resources for continuing 
clinician education, for patient education and ser-
vices, and for family support streamlines otolaryn-
gological care for older adults as well as support for 
their family caregivers. The chapter concludes with 
a summary of implications for future geriatric oto-
laryngology practice, education, and research in the 
context of our aging world.

 ■  Frailty, Multimorbidity, and 
Geriatric Syndromes

Conditions and syndromes of very late life are char-
acterized by intricate biological, physical, and psy-
chological processes that intersect and commonly 
cascade, resulting in functional decline at all levels. As 
a result, clinicians face assessment and identification 
of subtle, complicated phenomena despite relatively 
straightforward presenting complaints among older 
adults. Frailty is increasingly understood as playing 
a critical role in this intersecting cascade that results 
in several etiologies converging in intersecting patho-
genesis and leading to syndromes common to frail 
older adults.10–12 These conditions emerge from cas-
cading etiologies and are generally termed geriatric 
syndromes. There is no common definition for geriat-
ric syndromes.10 Geriatric syndromes, whereas they 
have multiple intersecting etiologies, have a complex 
manifestation with observable hallmarks like falls or 
pressure ulcers. Whether “frailty” is a geriatric syn-
drome as are “falls” and “incontinence” or whether it 
stands alone as a syndrome that contributes to others 
is not yet clear from extant evidence.10,11 Nonetheless, 
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Fig. 3.1 Schematic conceptual representation 
of clinical conditions defined by the terms disease, 
syndrome, and geriatric syndrome, illustrating differ-
ences in numbers and complexity of relevant factors, 
including etiological risk factors, pathophysiological 
mechanisms, and presenting symptoms. (Used with 
permission from Inouye SK, Studenski S, Tinetti ME, 
Kuchel GA. Geriatric syndromes: clinical, research, 
and policy implications of a core geriatric concept. J 
Am Geriatr Soc 2007;55(5):780–791.)

Fig. 3.2 Vulnerability of frail elderly people to a sudden 
change in health status after a minor illness. The green line 
represents a fit elderly individual who, after a minor stressor 
event such as an infection, has a small deterioration in func-
tion and then returns to homoeostasis. The red line represents 
a frail elderly individual who, after a similar stressor event, 
undergoes a larger deterioration, which may manifest as 
functional dependency, and who does not return to baseline 
homeostasis. The horizontal dashed line represents the cutoff 
between a dependent and an independent functional status. 
(Used with permission from Clegg A. The frailty syndrome. Clin 
Med 2011;11(1):72–75.)

Fig. 3.3 Schematic representation of the pathophysiology 
of frailty. (Used with permission from Clegg A. The frailty syn-
drome. Clin Med 2011;11(1):72–75.)
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 ■  The Geriatric Interdisciplinary 
Team

Geriatric medicine possesses a fascinating 150-year 
history, tied initially to developments in pathology 
and expanding understandings of the aging process.23 
Geriatrics benefited—as do most major innovations—
from the contributions of luminary advocates and 
leaders in the young science of aging and practice of 
geriatrics. Morley points up, however, that modern 
geriatrics arose in the middle of the 20th century, 
a time of many major advances in American medi-
cine.23 In the decades since geriatrics entered mod-
ern medicine and health care, its practitioners have 
cultivated values of interdisciplinary collaboration 
and presumption of benefit in the team approach to 
patients and clinicians. In the late 1970s and early 
1980s, many investigations of the presupposed value 
of interdisciplinary geriatric teams were conducted 
and reported, attempting to establish differential 
value in the outcomes of care and supporting the 
belief among clinicians on those teams that care of 
the elderly improves with this approach.24–26

Interest in the contributions of GIDTs to safe, 
high-quality care for older patients continues 
through the present day.27 However, issues of logis-
tics, cost, and reimbursement commonly temper 
both capacity and enthusiasm. GIDTs present the 
obstacles of limited evidence on comparative and 
cost-effectiveness.27–30 However, if the primary func-
tion of GIDTs is to complete comprehensive geriat-
ric assessment and ensure that high-risk aspects of 
care are not neglected, then evidence supports their 
use.26,28,31 A recent meta-analysis of the effectiveness 
of comprehensive geriatric assessment completed 
by a roving interdisciplinary team or in a dedicated 
hospital ward revealed increased likelihood of recipi-
ent patients being alive and in their own homes after 
nonelective hospital admission.28 Nonetheless, the 
conceptual, methodological, and pragmatic chal-
lenges of showing improved care processes and out-
comes for frail older patients are long-standing and 
unlikely to be overcome within clinical trials.32

Some academic medical centers maintain com-
plete consultative GIDTs—often as part of a larger 
program that may include dedicated inpatient teams 
and wards.30 In academic medical centers with geri-
atric programs, GIDTs are generally led, or jointly 
facilitated, by a geriatrician, a geriatric advanced 
practice nurse (G-APN), or both. Together, these 
clinicians offer a variety of specialist services that 
move beyond the capacity of geriatric-competent 
generalists. The team they lead is ideally comprehen-
sive and holistic in both approach and composition. 
Disciplines commonly represented within GIDTs, in 
addition to medicine and nursing, include physical 

dom, as often presenting with a constellation of 
chronic, noncommunicable diseases and conditions 
that coexist. These coexistent diseases and condi-
tions complicate presentation, assessment, treat-
ment, and outcomes.17,18 Nonetheless, the presence 
of comorbid conditions as the phenomenon now 
termed multimorbidity is incompletely studied.17 
Physiological connections between frailty and mul-
timorbidity are poorly elucidated as are the con-
tributions of social determinants of health. Social 
determinants of health obviously influence develop-
ment of chronic noncommunicable disease, which 
accounts for the major burden of health care glob-
ally.17,19 Social determinants of health may also aggra-
vate the antecedents and consequences of frailty and 
geriatric syndromes.12 However, definitive investiga-
tion of the interrelationships of frailty, multimor-
bidity, and geriatric syndromes is as yet unreported 
in the world literature on aging. As a result, erudite 
clinicians must remain aware of the risks and conse-
quences of this aging triad, pursuing developing evi-
dence with the goal of optimizing clinical care.

The exemplar geriatric syndrome used here, 
falls, illustrates critical aspects of the intersections 
of frailty, multimorbidity, and geriatric syndromes 
for otolaryngological practice. In this case, the oto-
laryngologist possesses the expertise necessary to 
address presbystasis20 as a major factor resulting in 
fall risk and actual falls for any given older patient. 
This exemplar further underscores the interdisci-
plinary and collaborative nature of optimal geriat-
ric care. In this case, best practice warrants fall risk 
assessment, fall event grading, and investigation of 
fear of falling syndrome, depending on the individ-
ual presentation.21,22 Likewise, evidence-based and 
best practices suggest an interdisciplinary plan for 
treatment that includes consideration of sarcope-
nia and osteoporosis in both pharmacological and 
behavioral therapies. Specific interventions easily 
incorporated into such an interdisciplinary plan 
encompass strength and balance exercises; home 
survey for trip and other safety hazards; home safety 
adaptations, including grab bars and the like; and 
patient and caregiver education to promote activity, 
reduce anxiety, and limit behavioral falls risk. Thus 
the role of the otolaryngologist in improving care 
for an older person experiencing fall risk and falls is 
clear. Needs for a team approach to promote astute 
identification and use of clinical, community, and 
social resources and for collaboration between the 
geriatric team and the otolaryngologist are equally 
clear. The case of falls as a geriatric syndrome pro-
vides a template for analyzing the interrelationships 
between and among frailty, multimorbidity, and 
geriatric syndromes and understanding the value 
of geriatric competence and collaboration with the 
GIDT in geriatric otolaryngology.
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cutting intervention of exercise addresses frailty 
and the downward spiral in which it is often appar-
ent. The value of physical therapy links back to the 
possible association among sarcopenia, frailty, and 
consequent geriatric syndromes like falls.11 Likewise, 
social workers provide essential education and sup-
port to geriatric patients by helping them locate and 
access community-based resources, thereby reduc-
ing the ill effects of diminished social support. These 
resources, when successfully managed, mitigate the 
risk of institutional long-term care and unexpected 
hospitalization.

Finally, otolaryngologists and their clinical teams 
may attain a level of geriatric competence and care 
coordination for older patients even in the absence 
of specific geriatric resources and colleagues. The 
otolaryngology team can develop competence by 
seeking out continuing education and networking 
with community and regional resources to essen-
tially become their own geriatric consultants.36 The 
otolaryngologist often bears much of the responsi-
bility in increasing geriatric competence in the prac-
tice. However, a registered nurse within the team, 
or one hired to focus on care for older adults, may 
also share or assume this role with equal effect. More 
practically, many otolaryngology practices may ben-
efit from having a nurse, medical assistant, or even 
medical secretary to locate, network with, and rec-
ommend local, regional, and national resources to 
enhance the care of individual older patients.

 ■ Geriatric Resources
Achieving geriatric competence as a clinician and 
delivering coordinated care to older adults are inex-
tricably linked aspects of a larger process of under-
standing the dimensions of health care in an aging 
society. The Institute of Medicine’s landmark report 
calling for retooling is emblematic of the inescap-
able fact that health care in an aging society must 
be constructed very differently to achieve safe, qual-
ity care for older adults.7 Simultaneous education 
and improvements are necessary to meet the needs 
of patients today, because the crisis referred to in 
Retooling for an Aging America is upon us, though 
it remains unrecognized or misidentified by many.7 
Fortunately, a wide array of resources exists to sup-
port geriatric competence and care coordination 
and referrals alike. However, it is difficult to classify 
resources that support geriatric education and care 
because many are local or even institutionally spe-
cific, and a single organization or other entity often 
serves many resource functions.

Local and institutional resources are best identi-
fied by understanding some basic categories and then 
searching for those in the neighboring community. 

therapy, social work, and psychology or geropsychi-
atric nursing, or possibly geriatric psychiatry. Well-
developed teams, taking a lesson from rehabilitation, 
may also include occupational therapy and speech 
language pathology. Team composition varies, as 
may availability of specific team members who may 
hold other positions or have commitments to other 
departments in addition to the GIDT. Most GIDTs 
are now consultative in nature, a feature that may 
have emerged out of research that explores consul-
tation as a means to distribute geriatric expertise 
as a scarce resource in many institutions.33,34 Some  
community-based institutions and academic medi-
cal centers often rely on consultation provided by 
one or two geriatric specialists rather than a com-
plete GIDT. These specialists are often geriatricians 
or G-APNs who offer consultation, make recommen-
dations, and help coordinate care resources.

In many community hospitals and many ambu-
latory settings, financial constraints and limited 
personnel commonly mean limited or no dedicated 
interdisciplinary geriatric resources exist. Some 
institutions invest in capacity to offer these resources 
by relying on a G-APN who is either a nurse practi-
tioner or a clinical nurse specialist, who possesses 
many of the skills used in consultation by geriatri-
cians combined with an ability to educate nurses and 
other direct care providers in best practices and indi-
vidualized care for particular patients. Other institu-
tions may endorse systematic advancement of care 
for older adults by pursuing certification through 
an international best practices program, Nurses 
Improving Care for Health System Elders (NICHE), 
which is dedicated to achieving geriatric competence 
among all levels of nurses and supporting it within 
the generalist interdisciplinary team.33,35 Both the 
consultation and systemwide options offer valuable 
resources to improve the processes and outcomes of 
care for older patients. They can also be successfully 
combined. Nonetheless, many specialist physicians, 
including otolaryngologists, may prefer the conve-
nience of being able to call a G-APN to request spe-
cialist geriatric consultation in institutions where 
dedicated geriatric resources are scarce.

Some institutions are without dedicated geri-
atric specialists; thus clinicians without training in 
the field wishing to provide optimal care to older 
people find themselves in a conundrum. The ques-
tion of what to do in the absence of geriatric spe-
cialist colleagues to offer safe, high-quality care 
requires a detailed appraisal of institutional col-
leagues who may contribute important expertise 
to the care of older adults and support to their fam-
ily members. Most notably, physical therapists and 
social workers are present in most settings and offer 
invaluable knowledge, insight, and skills relevant 
to the care of frail older people. Physical therapists 
commonly anchor plans of care in which the cross- 
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ments (http://www.nyc.gov/html/dfta/html/home 
/home.shtml). As America’s population continues to 
age, more municipalities are likely to launch depart-
ments of aging and similar units strategically posi-
tioned to address the needs of older communities.

National resources are more varied than those at 
local and regional levels. Important national orga-
nizations and coalitions provide information for 
clinicians and the public alike. The Administration 
on Aging (AOA) is the section of the Department 
of Health and Human Services dedicated to aging 
and older Americans (http://www.aoa.gov/). Clini-
cians will find statistics on aging valuable, whereas 
older adults and their families may find the Elder-
care Locator useful (http://eldercare.gov/Eldercare 
.NET/Public/Index.aspx). Like the AOA, the Centers 
for Disease Control and Prevention (CDC) provides 
easy access to U.S. aging statistics and several other 
topics on its Healthy Aging page (http://www.cdc 
.gov/aging/index.htm). The Centers for Medicare 
and Medicaid Services (http:// www.cms.gov) offer 
vast amounts of information about Medicare and 
Medicaid. Among the most important sites for both 
clinicians and family members of frail older adults 
is Nursing Home Compare, the resource for com-
parative state- and institution-level data assessing 
nursing home quality (http://www.medicare.gov 
/nursinghomecompare/).

Clinicians seeking learning and networking 
opportunities value the remarkable choice of organi-
zations dedicated to professionals working in aging. 
The American Geriatrics Society is focused on health 
care (http://www.americangeriatrics.org/) with a 
large physician membership, whereas the Geron-
tological Society of America is explicitly interdis-
ciplinary, offering discourse valuable to colleagues 
in biological, psychological, and social gerontology 
as well as those in clinical care (http://www.geron 
.org/). Disease- and condition-specific associations 
are appreciated by patients, family members, and 
even clinicians who seek current information and 
access to programs like clinical trials. Good examples 
of these resources include the Alzheimer’s Asso-
ciation (http://www.alz.org/) and the National Par-
kinson Foundation (http://www.parkinson.org/). 
Private charities and advocacy groups such as the 
Michael J. Fox Foundation for Parkinson’s Research 
are often equally if not more useful sources of infor-
mation for diseases common in aging (https://www 
.michaeljfox.org/).

 ■ The Future
The contribution of otolaryngology to an aging soci-
ety is distinct and important, given the otolaryngo-
logical nature of complaints common among older 

Surveying local resources best begins with identify-
ing the nearest academic geriatric and gerontological 
programs along with the services they offer. Actively 
seeking programs outside of medicine ensures that 
robust programs provided in schools of nursing, 
social work, or gerontology are not overlooked. Spe-
cific institutional resources, especially those focused 
on student and clinician education and training, may 
be supported by and thus searchable with the source 
of funding in mind. Two leading foundations support 
institutional centers of excellence and exceptional 
national resources. The John A. Hartford Founda-
tion (http://www.jhartfound.org/) is a major source 
of support for discipline-specific and interdisciplin-
ary educational programs and centers in aging and 
geriatric care across the United States. The Hartford 
Foundation supports, among other programs, the 
Hartford Institute for Geriatric Nursing, run by the 
New York University College of Nursing. The Institute 
is home to a variety of national programs, includ-
ing the NICHE Program (http://www.hartfordign 
.org/). The Donald W. Reynolds Foundation is simi-
larly influential, focusing exclusively on physician 
education (http://www.dwreynolds.org/Programs 
/National/Aging/Aging.htm). The Reynolds Founda-
tion supports the Portal of Geriatrics Online Educa-
tion, more popularly known by its acronym POGOe, 
and administered by the Icahn School of Medicine 
at Mount Sinai, Department of Geriatrics and Pallia-
tive Medicine on behalf of the Association of Direc-
tors of Geriatric Academic Programs (http://www 
.pogoe.org/). POGOe is an indispensable source of 
continuing education for otolaryngologists and other 
physicians aiming to become competent in geriat-
rics. Many academic medical centers may house 
programs supported by the Hartford or the Reynolds 
foundations, providing a repository of information 
and expertise for those in the larger health care com-
munity. Finally, the John T. and Catherine D. MacAr-
thur Foundation (http://www.macfound.org/) also 
maintains a considered interest in aging, focusing 
largely on the societal level of knowledge and action.

Regional resources are largely designed to offer 
services that assist older adults and their families. 
Counties throughout the United States provide a 
service, largely funded by lottery proceeds, called 
Area Agencies on Aging. Native American Aging Pro-
grams are similarly present in regions of the United 
States that include native communities. These local 
programs and agencies can be located through the 
National Association of Area Agencies Web site 
(http://www.n4a.org/index.cfm). These programs 
provide a broad array of services that generally 
require both functional and financial eligibility. 
Most state governments have a department of aging 
or similar unit that offers a range of state specific 
resources. Some larger metropolitan population cen-
ters, such as New York City, maintain similar depart-
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quality care for older adults and their families. 
Understanding foundational knowledge in geriat-
rics enables the otolaryngologist to avoid the false 
security of believing standard of care for adults is 
sufficient and instead to incorporate geriatric con-
siderations and best practices into evidence-based, 
goal-directed assessment, intervention, and evalu-
ation of process and outcomes. The projected need 
for geriatric competence in otolaryngology as well 
as for specialist geriatric otolaryngology care man-
dates a long view of the future and investment in 
career-long continuing education and practice 
improvement as well as in geriatric research and 
education.

patients and the demographics of our aging society 
and rapidly aging world.4,5,7,37 Otolaryngologists, 
with their current and ever expanding contribution 
to American health care and indeed to health care 
in all aging societies around the globe, must invest 
evermore in geriatric competence and wise use of 
geriatric resources, including the interdisciplinary 
team. Geriatric competence is predicated in large 
part on knowledge of the ramifications of aging 
among individuals and populations. Understanding 
frailty, multimorbidity, and geriatric syndromes is 
requisite to effective clinical care of older patients 
and to fully using geriatric interdisciplinary teams 
or their analogues to collaboratively deliver safe, 
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Appendix: Geriatric Competencies for 
Medical Students

1. Medication management
• Explain impact of age-related changes 

on drug selection and dose based on 
knowledge of age-related changes in renal 
and hepatic function, body composition, 
and central nervous system sensitivity.

• Identify medications, including 
anticholinergic, psychoactive, 
anticoagulant, analgesic, hypoglycemic, and 
cardiovascular drugs that should be avoided 
or used with caution in older adults and 
explain the potential problems associated 
with each.

• Document a patient’s complete medication 
list, including prescribed, herbal, and 
over-the-counter medications, and for each 
medication provide the dose, frequency, 
indication, benefit, side effects, and an 
assessment of adherence.

2. Cognitive and behavioral disorders
• Compare and contrast among the clinical 

presentations of delirium, dementia, and 
depression.

• Formulate a differential diagnosis and 
implement initial evaluation in a patient 
who exhibits delirium, dementia, or 
depression.

• In an older patient with delirium, urgently 
initiate a diagnostic workup to determine 
the root cause (etiology of the delirium).

• Perform and interpret a cognitive 
assessment in older patients for whom 
there are concerns regarding memory or 
function.

• Develop an evaluation and 
nonpharmacological management plan for 
agitated demented or delirious patients.

3. Self-care capacity
• Assess and describe baseline and current 

functional abilities in an older patient 
by collecting historical data from 
multiple sources, making sure to include 
instrumental activities of daily living and 
activities of daily living, and performing 
a confirmatory hearing and vision 
examination.

• Develop a preliminary management plan 
for patients presenting with functional 
deficits, including adaptive interventions 
and involvement of interdisciplinary team 
members from appropriate disciplines, 
such as social work, nursing, rehabilitation, 
nutrition, and pharmacy.

• Identify and assess safety risks in the home 
environment, and make recommendations 
to mitigate these.

4. Falls, balance, and gait disorders
• Ask all patients older than 65 years of age, 

or their caregivers, about falls in the last 
year, watch the patient rise from a chair 
and walk (or transfer), then record and 
interpret the findings.

• In a patient who has fallen, construct a 
differential diagnosis and evaluation plan 
that addresses the multiple etiologies 
identified by history, physical examination, 
and functional assessment.

5. Health care planning and promotion
• Define and differentiate among types of 

code status, health care proxies, and advance 
directives in the state where one is training.

• Accurately identify clinical situations where 
life expectancy, functional status, patient 
preference, or goals of care should override 
standard recommendations for screening 
tests in older adults.
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8. Hospital care for elders
• Identify potential hazards of hospitalization 

for all older adult patients (including 
immobility, delirium, medication side 
effects, malnutrition, pressure ulcers, 
procedures, peri- and postoperative 
periods, transient urinary incontinence, 
and hospital-acquired infections) and 
identify potential prevention strategies.

• Explain the risks, indications, alternatives, 
and contraindications for indwelling (Foley) 
catheter use in the older adult patient.

• Explain the risks, indications, alternatives, 
and contraindications for physical and 
pharmacological restraint use.

• Communicate the key components of a safe 
discharge plan (e.g., accurate medication 
list, plan for follow-up), including 
comparing/contrasting potential sites for 
discharge.

• Conduct a surveillance examination of 
areas of the skin at high risk for pressure 
ulcers and describe existing ulcers.

Adapted from Leipzig RM, Granville L, Simpson 
D, Anderson MB, Sauvigné K, Soriano RP. Keeping 
Granny safe on July 1: a consensus on minimum 
geriatrics competencies for graduating medical stu-
dents. Acad Med 2009;84(5):604–610 doi: 10.1097 
/ACM.0b013e31819fab70; and from The Portal of 
Online Geriatrics Education. AAMC Geriatric Com-
petencies for Medical Students 2009. http://www 
.pogoe.org/Minimum_Geriatric_Competencies. 
Accessed March 17, 2014.

• Accurately identify clinical situations where 
life expectancy, functional status, patient 
preference, or goals of care should override 
standard recommendations for treatment 
in older adults.

6. Atypical presentation of disease
• Identify at least three physiological changes 

of aging for each organ system and their 
impact on the patient, including their 
contribution to homeostenosis (the age-
related narrowing of homeostatic reserve 
mechanisms).

• Generate a differential diagnosis based on 
recognition of the unique presentations 
of common conditions in older adults, 
including acute coronary syndrome, 
dehydration, urinary tract infection, acute 
abdomen, and pneumonia.

7. Palliative care
• Assess and provide initial management of 

pain and key nonpain symptoms based on 
the patient’s goals of care.

• Identify the psychological, social, and 
spiritual needs of patients with advanced 
illness and their family members, and link 
these identified needs with the appropriate 
interdisciplinary team members.

• Present palliative care (including hospice) 
as a positive, active treatment option for a 
patient with advanced disease.

http://www.pogoe.org/Minimum_Geriatric_Competencies
http://www.pogoe.org/Minimum_Geriatric_Competencies
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Evaluation of the Outpatient  
Geriatric Patient
David Eibling

 ■ Introduction
Older adults differ from younger adults in many ways 
that can affect evaluation strategies and, ultimately, 
treatment decision making. This chapter reviews the 
most salient of these characteristics and offers guid-
ance to otolaryngologists with geriatric patients.

Population demographics mean that ever-
increasing numbers of older adults will seek otolar-
yngology care in the coming decades.1 The impact of 
these changes will be ubiquitous, affecting the entire 
discipline with the exception of pediatric specialties 
and practices. Otolaryngologists readily understand 
that outpatient evaluation of a child differs from that 
of an adult, but many physicians do not recognize 
that the evaluation of an elderly adult also requires 
modification. Some of the differences between older 
adults and younger or middle-aged adults may not 
be readily apparent. Moreover, older adults vary dra-
matically within specific age ranges, with far more 
heterogeneity than children or even young adults. 
It is not uncommon to encounter patients in their 
90s who appear to have lower disease burden than 
many in their 50s and 60s. The potential reasons for 
these disparities are numerous and collectively drive 
the need to comprehensively evaluate older patients 
who present for otolaryngological care.

The unique characteristics of older adults that 
impact outpatient evaluation in the typical otolaryn-
gology practice include, but are not limited to, the 
following:

• Reduced functional reserve (frailty)
• Multiple comorbidities
• Polypharmacy
• Multiple physicians
• Sensory impairment (vision, hearing loss, 

olfaction)
• Reduced mobility
• Impaired balance with increased risk of falls
• Dysphagia, eating disorders
• Cognitive decline

• Inadequate social support
• Goals and expectations differ from those of 

younger adults

 ■  Comprehensive Geriatric 
Assessment (CGA)

The standard benchmark for geriatric evaluation is 
the comprehensive geriatric assessment (CGA), which 
is a standard assessment performed by geriatricians.2 
The CGA is intended to serve as a baseline for the 
geriatrician in directing a patient’s medical care. As 
its name implies, it is comprehensive, requires hours 
to complete, and is usually unnecessary for the pur-
poses of decision making in an otolaryngological 
office. Performance of a CGA should therefore be del-
egated to geriatricians. However, there are multiple 
evaluation components that should be performed by 
otolaryngologists, particularly those regarding surgi-
cal candidacy for older adults. These are discussed in 
this chapter in roughly descending order of impor-
tance. A useful tool is the Vulnerable Elderly Survey 
13 (VES-13), which assesses physical well-being and 
strength as well as the subject’s ability to perform 
common activities of daily living (ADLs) without 
assistance.3

 ■ Reduced Functional Reserve
Increased risk of frailty is the most critical defining 
characteristic of the elderly of which otolaryngolo-
gists must be aware. Frailty, a measure of reduced 
functional reserve, places the older adult at risk for a 
plethora of adverse and unanticipated consequences 
from seemingly minor interventions, including 
increased likelihood of surgical complications as well 
as ultimate hospital discharge to a setting other than 
home.4,5 Younger adults have substantial functional 

4
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lists than some of their elderly patients. Nonethe-
less, evaluation of geriatric patients requires diligent 
review of comorbid conditions with particular atten-
tion to medication lists. “Medication reconciliation” 
is recognized as a key component of high-quality 
health care and is particularly critical—and chal-
lenging—in the elderly. As the number of medica-
tions increases, the opportunity for unanticipated 
or unrecognized adverse effects increases as well. 
Elderly patients are at much higher risk for several 
reasons, including alterations in drug metabolism as 
well as pharmacokinetics. Diseases and conditions 
managed by otolaryngologists, particularly balance 
and swallowing disorders, are frequently impacted by 
medications being administered for other disorders. 
Well-established guidelines such as the Beers criteria 
list of potentially inappropriate medications10 and the 
American Geriatrics Society clinical practice guide-
line on fall prevention11 emphasize the significance 
of prescribed medications in increasing morbidity. 
Often the otolaryngologist is the first provider to note 
a relationship between balance or swallowing com-
plaints and the patient’s medication list. Common 
offenders are psychoactive medications, including 
selective serotonin reuptake inhibitors (SSRIs), and 
anticholinergics, although other medication classes 
are often implicated as well. As such, it is incum-
bent on the otolaryngologist to review medication 
lists carefully, verify them with the patient (or the 
patient’s caregiver), and review possible interactions 
and untoward effects. This task is daunting because 
even the newer electronic health records (EHRs) typi-
cally fail to capture all medications that the patient is 
taking. The author of this chapter has himself been 
“victimized” by failure of the EHR (in this case the Vet-
erans Health Administration Computerized Patient 
Record System [VHA CPRS]) to capture accurately all 
the medications being taken by elderly or cognitively 
impaired patients. In the absence of a truly interop-
erable health information exchange system in the 
United States, it falls to the provider and office staff to 
seek and update carefully and compulsively lists of all 
medications being taken by patients in the practice.

 ■ Cognitive Decline
Older adults are often quite adept at compensating 
for cognitive changes until late in disease progres-
sion. As such, casual conversation may fail to identify 
those with short-term memory loss or other infor-
mation-processing defects. Standardized tests are 
available, of which the Mini-mental State Examina-
tion (MMSE) is the best known. This examination is 
copyrighted by Folstein12 but has been excerpted by 
many groups and organizations.13 Carefully scripted  
questioning by the otolaryngologist may provide 

reserves in all organ systems in that they routinely 
use only a percentage of the total capacity of the 
organ system. Older adults may appear to be just as 
resilient as younger adults at first glance, but when 
stressed they may quickly exhaust their resources 
and suffer multiple-system organ failure. Therefore, 
assessment of frailty must be considered a funda-
mental part of any evaluation of older adults when 
surgical intervention is a consideration. Like Justice 
Potter’s famous statement regarding pornography, 
most people would state they are unable to define 
frailty, although they “recognize it when (they) see 
it.” However, as practitioners of the science as well 
as the art of medicine physicians are obligated to be 
more rigorous in their assessments than merely rely-
ing on subjective impression. Evaluation of frailty 
falls into this paradigm because objective measures 
of frailty exist and are used by some practitioners. 
These measures have been validated by several lon-
gitudinal studies, including studies that demonstrate 
a strong correlation with surgical outcomes.4–6 Mea-
sures may be demonstrated either on examination 
or via biochemical assessment. Several biochemi-
cal measures, such as circulating levels of D dimer 
(D-dimer assay) and interleukin-6 (IL-6) have been 
reported to correlate with other measures of frailty.6 
For the purposes of outpatient evaluation there are 
several easily performed tests that all otolaryngolo-
gists can incorporate into their clinical practice. The 
reader will note that these can be divided roughly 
into subjective (exhaustion; reduced anxiety level) 
and objective (unintentional weight loss > 10 lb; get-
up-and-go test; grip strength) criteria.4

The get-up-and-go test is performed by arising 
from a sitting position, walking 8 feet, and return-
ing and sitting. Scoring is 1 through 3, with loss of a 
point for (1) using arms to get up, (2) uncertain gait, 
and (3) taking longer than 10 seconds.7 Another test 
often used is measurement of walking speed (15 feet 
in 6 seconds or less).8

Grip strength is measured with a dynamometer, a 
low-cost device in common use. Normal men should 
produce more than 29 kg (median 39 kg), women 
somewhat less.9 Both of these measures correlate 
with both short-term and long-term survival and are 
considered valid measures of frailty.

 ■  Comorbidities and 
Polypharmacy

As patients age, they commonly collect new diagno-
ses as well as accumulate an ever-increasing list of 
medications to manage these illnesses. This charac-
teristic is not unique to older adults, and otolaryn-
gologists frequently encounter younger patients with 
more extensive comorbidities and longer medication 
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availability, community resources, primary care and 
other physicians, and assessment of travel needs and 
modalities. It is not uncommon to encounter patients 
in their 90s still driving to their appointments despite 
high levels of frailty and mild cognitive decline. It is 
not the intent of this chapter to address otolaryn-
gologist involvement in deciding the wisdom of such 
behaviors, but clearly there is an expectation that any 
concerns be communicated not only to the patient, 
but also to the family and primary care provider.

 ■ Eliciting Patient Goals
The goals and expectations of older adults usually 
differ from those of younger adults. These include 
independence, mobility, ability to communicate with 
family and friends, and avoidance of being alone, 
issues that younger people take for granted. One of the 
primary goals of most adults (old or young) is what 
geriatricians term compression of morbidity.15 Aging 
is accompanied by the recognition that life is time-
limited, and that sooner or later all must die. How-
ever, gradual decline may not be inevitable because 
illness and functional ability may be modifiable such 
that disability is compressed into the shortest pos-
sible time prior to death (Fig. 4.1). Older patients 
are not so much afraid of dying as they are afraid of 
prolonged disability. Elicitation and identification of 
specific goals is a critical component of assessment 
of an older patient. Open discussion with the patient 
and caregiver (if available) should be undertaken at 
the first consultation, and the discussion should be 
reopened whenever difficult decisions arise. The goal 
of compression of morbidity may lead to decisions 
to avoid invasive procedures that have the potential 

valuable clues that cognitive decline is becoming 
potentially significant and should be investigated 
further. Inquiries regarding recent activities, fam-
ily issues, other medical problems, schedules, and 
so forth, may yield enlightening results, particularly 
if the answers are associated with obvious confu-
sion or confabulation. The following MMSE sample 
questions are excerpted from http://www.health 
.gov.bc.ca/pharmacare/adti/clinician/pdf/ADTI%20
SMMSE-GDS%20Reference%20Card.pdf:

• Questions: What day of the week is this? 
What is tomorrow’s date? What country are 
we in? What city are we in?

• Say: “I am going to name three objects. When 
I am done, I will want you to repeat them. 
Remember them because I am going to ask 
you to repeat them later.”

• Spell the word world. Now spell it backward.
• “Now, what were the three objects I asked you 

to remember?”
• Show pencil, wristwatch. “What is this 

called?”
Recent evidence linking cognitive decline to 

unaided hearing loss is of particular importance to 
the otolaryngologist14 and is discussed in greater 
depth elsewhere in this text. Failure of older adults 
to respond appropriately to amplification suggests 
defective executive function, and should be inter-
preted as requiring further testing. “Speech-in-noise” 
or other specialized audiometry testing should be 
employed in the evaluation of older patients with 
evidence of mild cognitive decline or evidence of 
poor auditory rehabilitation following aiding. Per-
haps even more pertinent is newer evidence sug-
gesting early amplification may retard cognitive 
decline—a topic beyond the scope of this chapter.

 ■ Assessment of Social Support
Historically, in the United States and in many cul-
tures today, elderly people benefited from the sup-
port of their children and extended family. However, 
dramatic changes in U.S. culture including smaller 
families, mobile society, and two-income families 
mean that many elderly have no nearby family mem-
bers to care for them. When their children have left 
home older people often relocate to “adult communi-
ties” remote from family and friends. As they age and 
require increasing levels of support, they may—or may 
not—be able to access support from community infra-
structure and friends. In many such communities, sup-
port for the elderly is by other elderly—an obviously 
time-limited arrangement. As a result, some assess-
ment of support is necessary for all elderly patients. 
This should include documentation of family member Fig. 4.1 Compression of morbidity.

http://www.health.gov.bc.ca/pharmacare/adti/clinician/pdf/ADTI%20SMMSE-GDS%20Reference%20Card.pdf
http://www.health.gov.bc.ca/pharmacare/adti/clinician/pdf/ADTI%20SMMSE-GDS%20Reference%20Card.pdf
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 ■ Summary
Assessment of the older adult patient should be 
viewed as a more complex process than that used in 
the evaluation of younger patients. In addition to the 
typical medical evaluation of the presenting symp-
tom or concern, the otolaryngologist should assess 
several age-related characteristics. Decisions regard-
ing diagnostic tests and treatment plans should begin 
with assessment of patient goals and expectations 
and must take into account patient comorbidities, 
medications with possible interactions, and support 
systems. Finally, it is critical that an assessment of 
physical and cognitive functioning be obtained to 
assist in treatment decision making.

All of these assessments take extra time. How-
ever, the time invested by the otolaryngologist is 
rewarded by reductions in unanticipated treatment-
related morbidity as well as improved patient and 
caregiver satisfaction.

to lead to long-term disability—or, conversely, may 
suggest early, aggressive intervention to extend use-
ful, rewarding life even when the intervention may 
be accompanied by risk of earlier demise. This sort 
of decision making defies application of standard 
guidelines and mandates open, forthright discussion. 
Most older adults have no difficulty in making such 
decisions if the choices are clear and unambiguous. 
Unfortunately, predicting outcomes for a specific 
individual is a daunting task, regardless of age. Such 
discussions must include a frank disclosure of uncer-
tainty when it exists, as well as clear openness on the 
part of the physician to accept and work with deci-
sions made knowledgeably by each older patient.
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 ■ Introduction
The American population is aging. In the next 25 
years, the population of Americans age 65 years or 
older will double to ~ 72 million.1 Older Americans 
are more likely to need surgery than their younger 
counterparts. About half of adults age 65 and older 
will undergo a major surgical procedure.2 In the 
past 30 years, though, surgeries in the 65 and older 
cohort have increased by more than demographic 
trends alone might predict; in addition to emergent 
surgeries, patients in the 65 and older age group are 
becoming increasingly comfortable with elective 
surgeries to improve quality of life or treat disease 
burden.

In the field of otolaryngology, 14.3% of the patient 
population was age 65 or older in 2004, compared 
with 17.9% in 2010.3 The common pathologies in geri-
atric patients differ from those in younger age groups: 
73% of geriatric diagnoses are otologic in nature, com-
pared with just 32% of diagnoses in patients age 18 
to 45 years.3 As the baby boomer generation ages, 
the percentage of the American population over 65 
grows. These geriatric patients are more likely to 
undergo surgical procedures than previous genera-
tions, and these surgeries are increasingly more likely 
to be in the field of otolaryngology. In response to 
these changing dynamics, the American Society of 
Geriatric Otolaryngology was founded in 2007.

 ■ Surgery in the Elderly
The decision to operate in the geriatric population 
should be made with careful consideration and eval-
uation of potential risks and benefits. Despite the 
low-risk profile of numerous surgeries, the elderly 
are more likely to experience complications than 
their younger counterparts.4 Surgery is performed 
more frequently in the geriatric population, at a rate 
of 190 procedures per 100,000 for patients 65 and 

over, compared with 136 per 100,000 for those ages 
40 to 64.2 Geriatric patients are more likely to require 
emergent surgery than younger patients,5 and non-
elective procedures have higher rates of morbid-
ity and mortality than elective operations. Elective 
surgery requires careful planning to minimize peri-
operative morbidity and mortality: preoperative 
evaluation, perioperative monitoring, and postop-
erative management.

Head and neck surgery requires the same careful 
evaluation as other operative procedures. However, 
several unique considerations apply. For example, 
head and neck cancer may drastically affect both 
functionality and quality of life, and many head and 
neck cancer patients may be candidates for rela-
tively aggressive cancer therapy.6 Both surgical and 
nonsurgical treatments may be worth exploring in 
the face of a large cancer burden, even if the patient 
has a relatively poor prognosis, because these pro-
cedures may lead to improvement in quality of life 
or symptom control.7 Geriatric patients with few 
comorbidities and generally good fitness have long-
term outcomes similar to younger counterparts after 
aggressive head and neck cancer therapy. Age should 
not define their cancer treatment nor preclude geri-
atric patients from standard management.7

 ■ General Considerations
The goals of treatment vary between patients. When 
deciding on an elective operation, it is important 
to elicit patient preferences and properly evaluate 
understanding of the procedure. This process should 
include a discussion of quality of life with and with-
out surgical intervention as well as nonoperative 
treatment options. If surgical intervention is chosen, 
further counseling centers around the likelihood of 
achieving the desired surgical result, the estimated 
degree of symptom improvement, the risk of negative 
outcomes, and the expected postoperative course.8

5
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medical or surgical stresses may lead to a change 
in functional status and a loss of decision-making 
capacity, they suggest that patients help identify sur-
rogate decision makers in this preoperative period. 
Additionally, patients should outline their prefer-
ences in regard to life-sustaining interventions such 
as mechanical ventilation and airway management, 
code status, and artificial hydration and nutrition.7 It 
is best if these decisions are documented in the form 
of a living will, durable power of attorney, or formal 
establishment of a health care surrogate.

By understanding the patient’s treatment goals 
and psychosocial support, the physician can provide 
the best patient-centric care. Once these myriad con-
siderations are adequately addressed in the geriatric 
patient, it is appropriate to proceed into the pre-
operative assessment, a more quantitatively driven 
process for evaluating a patient’s appropriateness for 
undergoing surgery.

 ■  Normal Physiological Changes 
and Complicating Medical 
Comorbidities

Certain metabolic changes predictably impact the 
physiological reserve of the older adult, leading 
to normal alterations in every organ system.12 This 
should not be confused with medical comorbidi-
ties that are frequently seen in older adults. These 
comorbidities can be just as, if not more, impor-
tant in preoperative assessment than chronological 
age. Both normal physiological changes as well as 
comorbid conditions will be factors in preoperative 
assessment.

According to Centers for Disease Control and 
Prevention (CDC) data, two out of every three older 
Americans suffer from multiple chronic conditions.1 
Every patient who is considering elective surgery 
must be assessed for overall health. These concur-
rent chronic conditions include arthritis, asthma, 
chronic respiratory disease, heart disease, and high 
blood pressure. It is now uncommon to have just one 
chronic condition; for example, only 9.3% of adults 
with diabetes have no other chronic health condi-
tions.1 Those with ongoing medical problems are 
also more likely to suffer from mental illness and 
cognitive impairments.

Medication Assessment and 
Polypharmacy

In preparation for surgery the medications that a 
patient takes need to be elucidated and perhaps 
adapted. Prescription polypharmacy (using five or 

Understanding the patient’s support system is 
critical in evaluation for elective surgery. Some geri-
atric patients have an extensive support network, 
whereas others live alone and have little help avail-
able. Depending on the postoperative needs of a par-
ticular patient, care may be required from family, 
friends, or home health workers. Geriatric patients 
undergoing head and neck reconstruction are more 
likely to be discharged to a nursing or other care 
facility when compared with younger patients. In 
a study of 450 patients undergoing head and neck 
reconstruction, 14.1% were unable to return home 
after surgery. Patients age 71 or older were 5 times 
less likely to return home than their younger coun-
terparts; those 81 or older were 13 times less likely.9 
An early analysis of psychosocial support can help 
with determining the long-term success of surgery 
and recovery. This is an especially valuable conversa-
tion for geriatric patients and those with significant 
comorbidities.9

Every adult is assumed to be responsible for his or 
her own medical decision making, and most geriatric 
patients maintain the capacity to consent to a proce-
dure. In obtaining consent from a geriatric patient for 
surgery, a physician must ensure that (1) the patient 
is capable of giving consent and (2) there are no bar-
riers to consent that cannot be easily overcome or 
reversed. Physicians must aim to preserve a patient’s 
autonomy while also being mindful that geriatric 
patients are more likely to have impaired cognition 
or physical ailments such as hearing or vision loss 
that can affect communication. Geriatric patients 
may also be physically, financially, or socially depen-
dent on the people around them, complicating the 
consent process.10 If it is not clear that a patient has 
the level of understanding necessary to consent, a 
simple test such as a Mini-Mental State Examination 
(MMSE) can be performed to assess cognition, but a 
poor performance does not necessarily mean that a 
patient lacks capacity to consent to a surgical pro-
cedure.11 Whenever possible, patients should partici-
pate in their informed consent process.

If a patient has a designated health care proxy, 
the informed consent process changes. Surrogate 
decision makers may act in the best interest of the 
patient if the patient is unable to consent. Caution 
should be used in these situations to ensure that 
the surrogate decision maker is acting in accordance 
with both the patient’s wishes and his or her best 
interest. If a patient obviously lacks capacity and is in 
need of emergent surgery, medical care may be pro-
vided in the absence of consent if it is in the patient’s 
best interest and the patient’s wishes are not known. 
However, emergent situations do not override exist-
ing health care directives.

Shuman and colleagues promote an honest dis-
cussion of realistic surgical outcomes before head 
and neck cancer treatment or surgery. Given that 
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cal procedures can unmask or precipitate dementia, 
though its presence at baseline is known to pre-
dict poor outcomes.18 Robinson et al examined the 
impact of impaired cognition (evaluated via Mini-
Cog testing) on postoperative outcomes in geriatric 
patients undergoing major elective surgeries and 
found complications to be more prevalent in those 
with a history of impaired cognition.18 Delirium is 
distinct from dementia, defined as a waxing and 
waning level of consciousness often accompanied 
by confusion, agitation, and disorganized thought 
processes. It may occur in patients with or without 
dementia.

Pulmonary Changes

As we age, pulmonary reserve decreases. This is 
characterized by a decrease in pulmonary perfu-
sion and elastic recoil, as well as parameters such as 
forced expiratory volume and forced vital capacity.19 
Asthma and COPD are two relatively common medi-
cal conditions that further impact lung function.

Cardiovascular Changes

Aging is associated with numerous molecular and 
physiological changes in the heart muscle that affect 
energy usage, excitation–contraction coupling, and 
cell maintenance (Tables 5.1 and 5.2).20 These under-
lying biochemical changes in turn lead to changes 
in cardiac function, eventually leading to decreased 
contractility and stiffening of myocytes and vascu-
lar structures. Systolic blood pressure increases in 
response to this arterial impedance, which drives 
left ventricular afterload and leads to left ventricular 
hypertrophy (Fig. 5.1).20

Renal Changes

Glomerular filtration rate (GFR), the best measure-
ment of renal function, slowly decreases with age. 
A true measurement of GFR is complicated and 
expensive, thus measurements of creatinine clear-
ance (CrCl) are used. Baseline serum creatinine may 
slowly increase with age, but used in isolation it is 
not a reliable marker for renal function.21 In the mid-
dle-aged population, an increase in serum creatinine 
may demonstrate renal impairment, but in the geri-
atric population serum creatinine may return to nor-
mal because of an age-dependent decrease in muscle 
mass leading to a decrease in creatinine production. 
Patients diagnosed with diabetes or hypertension or 
those who have recently undergone imaging with 
contrast dye are more likely to demonstrate renal 
insufficiency.

more prescription medications concurrently) has 
increased to 12% in the past few years. Geriatric 
patients are especially affected: of those 65 and older, 
90% use at least 1 drug per week, 40% use 5 or more 
medications, and nearly 20% use 10 or more medica-
tions per week.12–14 The most common medications 
are those used for treatment of cardiovascular dis-
ease (60%), arthritis (51%), diabetes (20%), chronic 
obstructive pulmonary disease (COPD) (11%), and 
asthma (10%). Some of these medications, including 
aspirin, diuretics, statins, β-blockers, angiotensin-
converting enzyme (ACE) inhibitors, and warfarin, 
are of particular concern due to effects on heart rate, 
blood pressure, and clot formation.14

Functional Status

In the normal aging process, metabolic function is 
well preserved under basal conditions.15 Functional 
reserve is a measurement of tolerance of an increased 
physiological burden and gradually decreases with 
age, though it varies based on genetics, lifestyle 
choices, and the presence of comorbidities.15 Under-
going a surgical procedure can stress and potentially 
exceed existing homeostasis, leading to a functional 
decline. Functional status is often measured by activ-
ities of daily living (ADLs) and instrumental activities 
of daily living (IADLs). ADLs represent the tasks nec-
essary for self-care, whereas IADLs are the activities 
fundamental to living independently.16

Nutrition and Frailty

Nutritional status may worsen with age. Though this 
is not a normal part of aging, it is relatively com-
mon. Several factors in the geriatric population may 
contribute to poor nutritional status. These include 
inadequate dietary intake due to dementia, dyspha-
gia, and even decreased access to or desire for food. 
Some medications may also affect appetite.8 Frailty 
has been described by Fried et al as a clinical syn-
drome in which three or more of the following cri-
teria are present: unintentional weight loss (10 lb 
in the past year), weakness, slow walking speed, 
low physical activity, and self-reported exhaustion,. 
Frailty is increasingly prevalent with age, with 6.9% 
of adults aged 65 and older meeting frailty criteria. 
It is distinct from comorbidity and disability but is 
independently predictive of fall risk, hospitalization, 
and mortality.17

Cognitive Changes

As we age, normal cognitive changes include minor 
memory loss but can be complicated by dementia or 
delirium. There is some debate over whether surgi-
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Table 5.1 Age-related changes in cardiac morphology 
and function

Morphology Decrease in myocyte number, increase 
in myocyte size, decrease in matrix 
connective tissue, increase in left 
ventricular wall thickness, decrease in 
conduction fiber density, decrease in sinus 
node cell number

Function Decrease in intrinsic contractility, increase 
in myocardial contraction time, decrease in 
myocardial contraction velocity, increase in 
myocardial stiffness, increase in ventricular 
filling pressures, increase in left atrial 
pressure/size, increase in action potential 
time, decrease in coronary flow reserve, 
decrease in β-adrenoceptor-mediated 
modulation of inotropy and chronotropy

Used with permission from Priebe HJ. The aged cardiovascular 
risk patient. Br J Anaesth 2000;85(5):763–778. 

Table 5.2 Age-related changes in vascular 
morphology and function

Morphology Increase in diameter and stiffness of large 
elastic arteries, increase in medial and 
intimal thickness, increase in endothelial 
variant cells, increase in elastolytic and 
collagenolytic activity, change in vascular 
cell proliferation/migration, change in 
vascular wall matrix

Function Decrease in β-adrenoceptor; flow-
dependent, endothelium-dependent, 
and atrial natriuretic-peptide-mediated 
vasodilation; decrease in nitric oxide 
production/effect; increase in vascular 
impedance; increase in pulse wave 
velocity; early reflected pulse waves

Used with permission from Priebe HJ. The aged cardiovascular 
risk patient. Br J Anaesth 2000;85(5):763–778.

Fig. 5.1 Cardiac adjustments to arterial stiffening during aging. LV, left ventricular; MDo2, myocardial oxygen delivery. MVo2, myocar-
dial oxygen demand. (Used with permission from Priebe HJ. The aged cardiovascular risk patient. Br J Anaesth 2000;85(5):763–778.) 
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Appropriate assessment relies on information 
gleaned from the patient’s medical records, history, and 
physical examination, with some additional screening 
tests.23 In collecting laboratory data or imaging, con-
siderations for specific testing include (1) assessing a 
preexisting health problem or medical comorbidity, 
(2) identifying unexpected conditions, (3) predicting 
perioperative complications, and (4) providing a base-
line for later comparisons. An overzealous laboratory 
workup may unmask abnormalities in an asymptom-
atic, low-risk geriatric population.2 See Table 5.3 for a 
summary of preoperative testing.

Functional Status Evaluation

Research has shown that maximum functional status 
decline occurs 1 week after surgery. Average time to 
recover back to baseline ranges from 3 weeks for a nor-
mal Mini-Mental State Exam to as long as 6 months 
to have full IADLs and achieve relatively complete 
independence.24 Recovery further varies depending 
on preoperative physical condition. By preparing sur-
gical patients in the preoperative evaluation about 
the length of time often required to return to base-
line status, preparations can be made for psychoso-
cial support, rehabilitation, and recovery.

Hepatic Changes

Hepatic function changes with age, with a reduction 
in hepatic blood flow of ~ 40% between the ages of 
25 and 65. Due to the reduction in blood flow, anes-
thetic medications like lidocaine, as well as opioid 
medications like fentanyl, take longer to be cleared 
from the bloodstream.12

 ■ Preoperative Assessment
If elective surgery is indicated in the geriatric patient, 
a preoperative assessment is necessary. Because 
physiological reserve decreases with age and may be 
further complicated by medical comorbidities, it is 
important to establish baseline metrics and monitor 
comorbidities before proceeding to surgery. There is 
no absolute consensus on appropriate “routine” pre-
operative tests. The National Institute for Health and 
Care Excellence (NICE) is one source for guidelines 
on preoperative testing recommendations for adults 
over 60.22 These guidelines help to provide a frame-
work for necessary laboratory work and imaging and 
are a summation of clinician consensus rather than a 
definitive evidence base.22

Table 5.3 Preoperative assessment

Target population What to obtain Purpose

All patients Ask: “Have you lost 10 or more 
pounds without trying?”
Laboratories:
– Complete metabolic panela
– Complete blood count

Identify nutritional deficiencies
–  Evaluate for electrolyte abnormalities, 

nutritional deficiencies, renal and liver 
dysfunction

–  Evaluate for anemia

Known liver disease or affecting 
medications

PT/PTT, INR – Evaluate for changes in coagulation

Major surgery, expected ICU stay, or 
known cardiopulmonary disease

Chest X-ray –  Baseline image for future comparison, 
evaluate for enlarged cardiac silhouette,  
lung hyperinflation, pulmonary edema

Intermediate-risk surgery
Known cardiopulmonary disease, 
diabetes, or renal insufficiency

ECG – Provide cardiac baseline
– Evaluate for infarction, rhythm changes

Other testing to consider – Pulmonary function testing
– Swallow study
– Type and screen, type and cross

–  Poorly characterized dyspnea, known 
obstructive lung disease and unsure control

– Frailty, malnutrition, known dysphagia
– Major surgery, anemia

Abbreviations: ECG, electrocardiogram; INR, international normalized ratio; PT, prothrombin time; PTT, partial thromboplastin time.
a  Complete metabolic panel—sodium, potassium, calcium, chloride, bicarbonate, blood urea nitrogen, creatinine, glucose, total pro-

tein, albumin, aspartate aminotransferase, alanine transaminase, alkaline phosphatase.
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Many older adults have a history of ischemic 
heart disease, atrial fibrillation, heart failure, hyper-
lipidemia, diabetes, or stroke, all of which can com-
plicate any type of surgery. These disorders may also 
be diagnosed for the first time during a preoperative 
assessment and may need management before sur-
gery can proceed.

The American College of Cardiology (ACC) and 
American Heart Association (AHA) have published 
guidelines to help assess both prior cardiac and non-
cardiac patients for elective, noncardiac surgery. 
For patients undergoing elective surgery, cardiac 
risk factors include a history of ischemic heart dis-
ease, decompensated heart failure, or cerebrovas-
cular disease, as well as diabetes mellitus or renal 
insufficiency. The presence of unstable coronary 
symptoms, decompensated heart failure, signifi-
cant arrhythmias, or severe valvular disease indicate 
major clinical risk and may delay or cancel elective 
surgery.28 The treatment algorithm produced by the 
ACC helps to provide a framework for evaluation of 
the noncardiac surgical patient, taking into account 
functional status, urgency of the surgical procedure, 

Nutrition and Frailty

Recent weight loss raises concern for poor nutri-
tional status. Poor preoperative nutritional status 
has been shown to negatively impact surgical out-
comes and lead to perioperative complications.2 
Some studies have demonstrated a decrease in peri-
operative complications if oncological patients are 
given nutritional supplementation preoperatively.2 
This can be evaluated by obtaining serum albumin 
and prealbumin levels. Low serum hemoglobin may 
indicate anemia, potentially caused by vitamin defi-
ciency and poor nutritional status.

Frailty can be assessed in several ways. The modi-
fied frailty index (MFI) has been adapted for otolar-
yngology, using data from the American College of 
Surgeons (ACS) National Surgical Quality Improve-
ment Program (NSQIP).25 Otolaryngological patients 
generally have low frailty. However, the MFI is asso-
ciated with morbidity and mortality: five or more 
positive variables can raise mortality 10-fold and 
increase complications from 10 to 40% (Table 5.4).25

Cognitive Assessment

There are several testing options to evaluate demen-
tia. In the geriatric population, the MMSE is consis-
tent and easily administered (Table 5.5).26 Delirium 
is more difficult to quantify. Patients with dementia 
will be more likely to experience delirium. Other 
complicating factors that may increase the likelihood  
of delirium in geriatric otolaryngological patients 
include pain medications (e.g., narcotic pain medica-
tion, benzodiazepines, anticholinergics), electrolyte 
abnormalities, and being in the intensive care unit.27

Pulmonary Assessment

In a recent literature review, postoperative pulmo-
nary complications were more frequently seen in 
those of advanced age, with an American Society 
of Anesthesiologists (ASA) score of 2 or more, and 
who were functionally dependent. Undergoing 
head and neck surgery alone increases risk as well. 
Evidence supports obtaining a chest X-ray as well 
as serum albumin to better stratify pulmonary risk 
preoperatively.

Cardiovascular Assessment

For noncardiac geriatric surgical patients, chest 
X-rays (CXRs), electrocardiograms (ECGs), and non-
stress testing may not be routinely indicated for 
every patient. However, depending on an individual 
patient’s surgery and functional status, these tests 
may become necessary.

Table 5.4 Modified frailty index (MFI)

History of diabetes mellitus

Nonindependent functional status

History of chronic obstructive pulmonary disease or 
pneumonia

History of congestive heart failure

History of myocardial infarction

History of percutaneous coronary intervention, stenting, 
or angina

History of hypertension requiring medication

History of peripheral vascular disease or ischemic rest pain

History of impaired sensorium

History of transient ischemic attack or cerebrovascular 
accident

History of cerebrovascular accident with neurological 
deficit

Used with permission from Adams P, Ghanem T, Stachler R,  
Hall F, Velanovich V, Rubinfeld I. Frailty as a predictor of morbid-
ity and mortality in inpatient head and neck surgery. JAMA 
Otolaryngol Head Neck Surg 2013;139(8):783–789.
Note: Scoring: 1 point per variable, with 5 or more significant 
for increased complications and mortality.
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Hepatic Assessment

Serum albumin is a measurement of synthetic liver 
function and is routinely measured in all operative 
patients. A coagulation profile may be considered 
with known or identified liver disease or for major 
procedures.8

Other Preoperative Concerns

For any patient undergoing a head and neck proce-
dure, it is also important to establish a preoperative 
plan for securing the airway. For patients in whom 
the normal head and neck anatomy may be distorted 
by disease process, radiation, or prior surgical pro-
cedures, an awake fiberoptic intubation or tracheot-
omy may be necessary. Have an open discussion with 
your anesthesia team to make the plan clear and thus 

and prior cardiovascular conditions. ACC/AHA guide-
lines from 2007 stratify head and neck surgery into 
the intermediate risk category, with a cardiac risk of 
1 to 5% (Fig. 5.2).

Renal Assessment

Renal function testing is part of the preoperative 
workup for any geriatric patient, because many of 
the anesthetic and analgesic medications used in 
the perioperative period are renally excreted. Serum 
blood urea nitrogen and creatinine are usually ade-
quate for screening purposes. More specific testing 
may be needed in those with abnormal results or 
a known history of renal disease, hypertension, or 
diabetes. Consultation with a nephrologist for any 
concerns should be considered, particularly with 
elective surgery.

Table 5.5 Mini-Mental State Examination (MMSE) Sample Items

Orientation to Time “What is the date?”

Registration “Listen carefully. I am going to say three words. You say them back after I stop.  
Ready? Here they are…
APPLE (pause), PENNY (pause), TABLE (pause). Now repeat those words back to me.”  
[Repeat up to 5 times, but score only the first trial.]

Naming “What is this?” [Point to a pencil or pen.]

Reading “Please read this and do what it says.” [Show examinee the words on the stimulus form.]
CLOSE YOUR EYES

Reproduced by special permission of the Publisher, Psychological Assessment Resources, Inc., 16204 North Florida Avenue, 
Lutz, Florida  33549, from the Mini-Mental State Examination, by Marshal Folstein and Susan Folstein, Copyright 1975, 1998, 
2001 by Mini Mental LLC, Inc. Published 2001 by Psychological Assessment Resources, Inc. Further reproduction is prohibited 
without permission of PAR, Inc. The MMSE can be purchased from PAR, Inc. by calling +1-813-968-3003.
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uting to change in drug distribution. For medications 
with a narrow therapeutic index such as warfarin, 
this can lead to adverse drug events and an increased 
risk of bleeding.12 Decreased total body water will 
also shift drug levels of anesthetic induction agents 
such as propofol and long-acting benzodiazepines, 
thus making dose adjustments necessary. In addition 
to pharmacokinetic differences, metabolic changes 
also affect thermoregulation. Intraoperative hypo-
thermia is more common in geriatric patients and 
affects the distribution of many commonly given 
peri-operative medications. Hypothermia may be 
combated through body warmers and room temper-
ature adjustments.29

Anesthetic agents can decrease renal perfusion 
intraoperatively due to hypotension and thus glo-
merular filtration rate. Renally excreted drugs such 
as muscle relaxants and opioids will thus increase in 
serum concentration. Cisatracurium and remifent-
anil are degraded by serum enzymes and will not be 
affected. Poor pulmonary function will alter inhala-
tional agent elimination, as will the increase in body 

safe for your patient. Also, remember that postop-
erative planning begins preoperatively. As discussed 
earlier, anticipate the need for nursing care or assis-
tance in the recovery period and allow your patient 
and his or her support network to adjust and make 
any arrangements.

 ■ Intraoperative Considerations
Anesthesia is an integral part of surgery and becomes 
more complex with age. Because metabolism changes 
with age, pharmacokinetics is affected, leading to an 
increased incidence of complications and toxicity.2 In 
the older patient, there is a decrease in gastrointesti-
nal motility and blood flow to the gut, as well as the 
previously discussed alterations in renal and hepatic 
function. Drug distribution will also change as lean 
muscle mass and total body water decrease and body 
fat increases. Free drug fraction may increase due to 
decreased albumin and protein binding, also contrib-

Fig. 5.2 Cardiac evaluation and care algorithm for noncardiac surgery based on active clinical conditions, known cardiovascular 
disease, or cardiac risk factors for patients ≥ 50 years of age. (Used with permission from ACC/AHA 2007 guidelines on perioperative 
cardiovascular evaluation and care for noncardiac surgery.)
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Infection and Wound Care

Three of the most common postoperative infec-
tions in geriatric patients are urinary tract infec-
tion (UTI), pneumonia, and surgical site wound 
infection, which all represent an important source 
of morbidity and mortality.33 UTIs may be caused 
by prolonged catheterization, of which the elderly 
are at greater risk because of concomitant incon-
tinence or immobility.2 Like delirium, a UTI may 
present as confusion. Early catheter removal or 
complete avoidance of catheterization are best to 
prevent UTIs. Pneumonia risk is heightened by the 
use of nasogastric tubes, dementia, and immobil-
ity.2 Both early mobilization and incentive spirom-
etry or other activities such as deep breathing and 
coughing are suggested. Surgical site infection (SSI) 
is heightened in geriatric patients, leading to longer 
hospitalizations and more frequent readmissions, 
making vigilant wound care necessary.33 Treatment 
of SSI may require incision and drainage or the use 
of antibiotics in systemic cases.33

Venous Thromboembolism

Both age and postsurgical immobility are risk factors 
for the development of venous thromboembolism 
(VTE). Although early ambulation can help prevent 
both deep venous thrombosis and pulmonary embo-
lism, in the early postoperative period patients may 
be too weak to ambulate. Mechanical prophylaxis via 
sequential compression devices or pharmacological 
prophylaxis via heparin (either unfractionated or 
low-molecular-weight) are alternatives to decrease 
the incidence of VTE.

Cardiac Complications

As in the preoperative period, the ACC/AHA 
guidelines can be useful in identifying patients 
of concern for cardiovascular complications. In 
all postoperative patients β-blockers should be 
continued unless otherwise contraindicated as 
described in the Surgical Care Improvement Proj-
ect.34 Statins should also be continued.31 Up to 8% of 
patients undergoing noncardiac surgery may suf-
fer from postoperative atrial fibrillation, the most 
common postoperative arrhythmia. This is typi-
cally, though not always, a transient and revers-
ible phenomenon.35 Advanced age, male gender, 
and a history of heart failure or valvular disease 
are shared risk factors for both postoperative and 
permanent atrial fibrillation.35

fat for certain agents. Decreased hepatic blood flow 
will consequently decrease first-pass metabolism, 
increasing serum levels of medications with high 
first-pass metabolism. Anesthetic agents with high 
extraction ratios include fentanyl, lidocaine, meperi-
dine, ketamine, and propofol.30 In the postoperative 
period, this also makes the elderly more susceptible 
to the effects of morphine and other opioids.

 ■  Postoperative Monitoring and 
Complications

Delirium

Delirium is a concern for any geriatric patient in 
the postoperative period. The best way to identify 
postoperative delirium is by establishing a baseline 
assessment, especially in those with dementia.31 Sev-
eral medications can heighten or worsen delirium, 
particularly opiates and benzodiazepines. Conversely, 
inadequately controlled pain can also cause delir-
ium. Pain management should include regular pain 
and sedation scoring, or nonverbal scoring systems if 
appropriate.32 The use of pain assessment charts can 
reduce postoperative complications.32 Depending 
on the severity of the patient’s pain and its poten-
tial contribution to delirium, it may be appropriate 
to consult a pain care service. Dehydration and elec-
trolyte abnormalities are both risk factors and can 
be more difficult to manage in those with head and 
neck cancer and require parenteral nutrition. The 
Cochrane Database has identified environmental 
factors such as sleep regularity and immobility that 
negatively contribute to delirium.31 Aside from envi-
ronmental controls, prophylactic low-dose haloperi-
dol has shown benefit; it is also the first option for 
treatment of delirium, should it occur, to decrease 
the duration and severity.

Falls

Fall risk may be judged preoperatively as part of a 
frailty screen or more independently by the timed 
Get Up and Go test to evaluate mobility and balance.33 
In the postoperative period, those with a history of 
difficulty with the Get Up and Go or new trouble 
with ambulating may be referred for postoperative 
physical therapy. Complete assessment of mobility 
with an evaluation from a physical therapist is also 
essential in determining needs at discharge: durable 
medical equipment, 24 hour assistance, or a regular 
therapy regimen.
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of vasodilation, contributing to fluid retention and 
renal insufficiency.38

 ■ Rehabilitation and Disposition
As discussed earlier in this chapter, preparation for 
postoperative needs, for both the patient and the 
family, helps to establish expectations and facilitate 
planning. Early mobilization in the postoperative 
period helps to facilitate recovery,32 and patients, 
if able, should be encouraged to ambulate. Physical 
therapy consultation should be obtained to facilitate 
this safely if necessary. The recovery process may 
last several months. It begins in an acute care setting 
but may also include a rehabilitation or subacute 
care facility.19 It is important, and can be established 
through proactive counseling, that discharge to a 
nursing care facility does not represent any sort of 
failure on the part of the patient or the health care 
team. Physical and occupational therapists as well as 
SLPs can greatly contribute to both short-term and 
long-term postoperative care.32 Through case man-
agement, social workers, and the patient’s family 
and friends working collaboratively, the best recov-
ery can be attained.

 ■ Conclusions
Perioperative care and evaluation of geriatric 
patients is complex. Though with careful preop-
erative evaluation, intraoperative monitoring, and 
postoperative planning, morbidity and mortality 
can be reduced. Consultation with geriatricians 
may also optimize care, assisting with preoperative 
decision making, postoperative treatment of delir-
ium, and management of polypharmacy, as well as 
discharge planning. It is also important to continue 
conversations with patients that promote patient-
centric decisions in all aspects of care in the periop-
erative period.

Pulmonary Complications

There is an aging-related decline in the usual protec-
tive reflexes in the oropharynx, which predisposes 
all geriatric patients to aspiration, especially those 
with head and neck abnormalities.31 In particular, 
patients with Parkinson disease or swallowing dis-
orders at baseline are at especially high risk.31 In the 
postoperative period, it is imperative that recom-
mended guidelines for nothing by mouth (NPO) are 
followed and that sedatives are provided only when 
necessary. Speech-language pathologists (SLPs) may 
be consulted to help evaluate management of dys-
phagia. If eventual improvement in dysphagia is 
anticipated, compensations or short-term adjust-
ments may be made. These include food, liquid, or 
environmental changes aimed at maintaining nutri-
tional status until the patient is more fully recovered. 
If dietary modifications, swallow maneuvers, and 
postural adjustments are not sufficient, more intense 
rehabilitation strategies are available.36

In the postoperative period, pain, drowsiness, and 
immobilization can all contribute to shallow breath-
ing and the development of atelectasis or other 
pulmonary complications.31 Light movement and 
activity should be encouraged as soon as the patient 
is able. This also decreases the risk of pneumonia, 
one of the more common perioperative infections.2

Renal Failure

Geriatric patients typically have a lower GFR than 
younger patients. The geriatric patient may have 
reduced renal function, even if this is not clinically 
apparent, and a decreased ability to deal with fluid 
overload or, conversely, fluid depletion.37 During the 
anesthesia or the hospital course, fluid overload may 
stress the cardiorespiratory reserve.37 Fluid status 
can be monitored via charting of fluid balance or 
more invasive monitoring such as central venous 
pressure. Nonsteroidal anti-inflammatory drugs 
(NSAIDS) should be given with care, because they 
inhibit the normal prostaglandin-induced methods 
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Age-Related Hearing Loss
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 ■ Introduction
With advances in health care, life expectancy is 
increasing. Aging is associated with multiple related 
medical problems which have been referred to as 
geriatric syndromes.1 These syndromes typically 
interact with one another, have more than one 
cause, and broadly impact functional status of the 
geriatric patient. Sensory problems, such as impair-
ments of vision, balance, and hearing, are well 
recognized geriatric syndromes, with hearing loss 
being the most common sensory problem among 
older adults.

In 2012, the U.S. Census Bureau projected that 
the U.S. population aged 65 and older will outnum-
ber the population younger than 18 by 2038.2 It is 
projected that, in 2015, 15% (47 million) and 2% (6 
million) of the population will be 65 and 85 years old 
and older, respectively; but by 2060, the percent dis-
tribution will increase to 22% (92 million) and 4% (18 
million), respectively. Studies based on the National 
Health and Nutrition Examination Survey (NHANES) 
show that an increasing proportion of the population 
suffers from hearing loss, reaching more than 80% of 
those older than 85 years.3 Age-related hearing loss 
(ARHL) is, by far, the leading cause of hearing loss in 
developed countries.4

By definition, ARHL is a progressive disorder. 
Another term commonly used for this disorder is 
presbycusis. New York otologist St. John Roosa is 
credited with being the first to describe it as “a phys-
iological . . . rather than a pathological, change in 
the ear . . . analogous to presbyopia, and . . . termed 
presbykousis.”5 The term is derived from the Greek 
presbus (elder) and acouste (to hear). Today, our 
understanding of this disorder has expanded to 
include pathological processes in the cochlea and the 
brain that were not suspected in the late 19th cen-
tury. Whereas the peripheral pathology is univer-
sally accepted, our understanding of changes in the 
central auditory pathways and the global implica-
tions of these changes for management of patients 
with ARHL is continuing to evolve.

 ■ Presentation
Although onset is variable and dependent on sev-
eral contributing factors, often the earliest symp-
toms of ARHL appear late in middle age. By this time, 
cochlear changes have progressed to affect hearing 
sensitivity in the frequency range that makes up our 
daily communication sounds. Patients commonly 
misunderstand similar-sounding words and tend to 
use context to compensate for this early deficit. In 
general, consonants are higher pitched than vowels 
and are spoken more softly than vowels. Age-related 
high-frequency hearing loss will result in difficulty 
hearing consonants and makes it easier for back-
ground noise to mask. Because consonants convey 
most of the information in a word, inability to hear 
them effectively will result in deterioration of speech 
intelligibility. Furthermore, consonants serve to sep-
arate syllables and words from one another. There-
fore, with disruption of these breakpoints, words 
tend to run together and sound “mumbled.” Because 
voices of children and women tend to have a higher 
pitch, the initial complaints might be about the low 
volume and quality of a grandchild’s voice.

Over the years, as disruption of cochlear function 
extends toward the lower frequency regions, func-
tional consequences become more substantial. With 
age-related cognitive changes ranging from slowed 
processing to frank impairment, the ability to use 
context efficiently to compensate for hearing deficits 
diminishes. Hearing in noisy or reverberant environ-
ments and accented or fast-paced speech become 
more challenging. A common complaint arising 
from these disruptions in speech intelligibility is “I 
can hear the words, but I can’t understand them.” 
Patients resort to varied strategies to cope. These 
strategies are influenced by several factors, including 
personality traits. When individuals have an exter-
nal locus of control, complaints such as “my grand-
children mumble” are common. On the other hand, 
those with an internal locus of control display mal-
adaptive strategies such as withdrawal from family 
conversations.

6
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restricted sounds.13–15 Localization accuracy and acu-
ity of acoustic stimuli decline with age and result in 
a blurred representation of sound sources.16 These 
deficits are attributed to age-related increase in the 
neural temporal jitter in the central auditory system 
that affects the accurate processing of timing infor-
mation, which is crucial to acuity in representation 
of sound source position.

As hearing loss severity increases, overall func-
tional status diminishes among older individuals.17,18 
It has long been speculated that inability to com-
municate effectively, and potential decreased over-
all functional status, will lead to social isolation. For 
example, hearing impairment has been shown to be 
associated with poorer scores in social functioning 
assessments in older Australians.19 Similarly, poorer 
self-reported hearing scores predicted deteriora-
tion in social support among a large cohort of Dutch 
seniors.20 A recent study by Mick et al, in which cross-
sectional data for adults 60 to 84 years old were 
extracted from the 1999 to 2006 cycles of the U.S. 
NHANES, revealed that greater hearing loss is associ-
ated with increased odds of being socially isolated in 
women aged 60 to 69 years.21 This association was 
not affected by use of hearing aids. Based on their 
results, Mick et al conjectured that females may rely 
more heavily than males on verbal communication; 
therefore, hearing loss might impair their ability to 
receive emotional support to a greater degree than 
males. Social isolation has significant implications for 
the well-being of geriatric patients: lonely or isolated 
older adults are at greater risk for all-cause mortality 
and development and progression of cardiovascular 
disease, and lonely older individuals are more than 
twice as likely to develop Alzheimer disease (AD).22 
As noted earlier, hearing loss in older individuals 
was shown to be associated with increased all-cause 
mortality in the Australian Blue Mountains Hearing 
Study.8 Increased all-cause mortality is believed to 
be mediated by three variables: disability in walking, 
cognitive impairment, and self-rated health. Thus, 
besides the insidious nature of the disorder, the iso-
lation associated with hearing loss may be another 
factor that leads to delayed presentation and diagno-
sis, primarily because there is little pressure to seek 
care for communication difficulties.

Inherent difficulties in communication that result 
in compounding psychosocial effects such as isola-
tion may precipitate psychiatric disorders such as 
depression. Whether hearing loss can contribute 
to depression has been a subject of debate. “Lim-
ited” and “‘pervasive” degrees of depression were 
reported in 69% of community-dwelling elders with 
hearing impairment compared with 31% of non-
hearing-impaired individuals.23 Davis and colleagues 
reported that hearing-impaired elders were 1.79 
times more likely than non-hearing-impaired sub-
jects to be depressed.9 Consistent with this view, 

In general, evaluation and management of hear-
ing loss require insights into the contributing patho-
physiological conditions. However, management of 
age-related disorders is far more complex and chal-
lenging because these disorders, including hearing 
loss, rarely present in isolation. It is estimated that 
50 to 75% of adults over age 65 have multiple chronic 
health conditions. Improving care of these individu-
als is a priority for the Department of Health and 
Human Services, and they are a focus of Healthy Peo-
ple 2020.6 Toward this goal, effort is being directed 
toward integrated care for older individuals with 
multimorbidity.7 This effort is compelling because 
persons with combined disabilities are at increased 
risk of cardiovascular and all-cause mortality.8

The diagnosis of ARHL is based on patient his-
tory, physical examination, and a battery of audio-
logical and other testing. Pathophysiology of ARHL 
is that of a progressive and insidious process, with 
affected individuals frequently less aware of their 
communication difficulties than the people around 
them. In longitudinal studies, deterioration of hear-
ing is reported to be continuous and gradual for the 
majority of people, ranging from 1 to 6 dB/decade,9–11 
although this rate may increase up to 9 dB/decade 
in older individuals.9 Because of the insidious nature 
of this disorder, patients often present reluctantly to 
the clinician, at the insistence of family members.

Besides speech sounds, other important high-fre-
quency warning sounds (alarms, ringing tones, turn 
signals, etc.) also become more difficult to hear. The 
common scenario in which a grandparent wearing a 
digital watch is unaware of the beeping high-pitched 
alarm is one typical example. Reduced ability to hear 
alarms raises concern about safety. For example, 
older individuals with hearing loss have been shown 
to be at increased risk of motor vehicle accidents 
while driving.12 There are also social ramifications 
to this attribute of age-related hearing loss. Diffi-
culties hearing on the telephone, particularly cell 
phones in which quality of sound may fluctuate with 
the strength of the network signal, serve as a bar-
rier to their effective use as an alternative to face-
to-face communication. The use of high-pitched ring 
tones by adolescents to communicate via cell phones 
takes advantage of the inability of the older listen-
ers to detect these sounds in structured settings 
such as classrooms. Older listeners are also typically 
unaware of unpleasant high-pitched noise emitted 
by some electronic devices and chargers, as well as 
antiloitering devices.

Besides difficulty in hearing communica-
tion sounds and alarms, other auditory functions 
are also impaired. For example, age and hearing 
loss also impact localization performance. A large 
body of evidence shows that the accuracy to local-
ize sound sources declines with age, resulting in 
front–back confusions, especially for spectrally 
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play depression symptoms.37 In patients who also 
have ARHL, tinnitus can be a source of emotional 
and sleep disorders, difficulties in concentration, 
and social problems.34 Tinnitus has been divided 
broadly into two groups based on age of onset: 
early- and late-onset.38 The two differ not only with 
regard to prevalence but also with regard to tinni-
tus-related distress, with late-onset sufferers being 
more distressed. Resting state electroencephalogra-
phy source-localized activity and connectivity com-
paring the two groups revealed increased activity 
and functional connectivity in the late-onset group, 
supporting intrinsic differences in tinnitus-related 
neural activity, which may have implications for 
management.39

In geriatric patients, the presence of tinnitus is 
associated with reduced systolic and diastolic blood 
pressure, reduced left ventricular ejection frac-
tion, and increased brain natriuretic peptide (BNP) 
plasma levels.40 These finding suggest that tinnitus 
is associated with worse control of congestive heart 
failure in geriatric patients and may have important 
clinical implications for the early identification of 
patients who need more aggressive management of 
heart failure. These findings also lend support to the 
notion that hemodynamic imbalance can contribute 
to cochlear impairment in general and tinnitus in 
particular.

 ■ Risk Factors
Several factors have been recognized as contributing 
to the development of ARHL. These might be broadly 
classified into two categories: intrinsic and extrin-
sic. Intrinsic factors are host factors and are primar-
ily genetic (including sex and race), but also include 
health comorbidities (hypertension, diabetes, and 
stroke). Extrinsic factors in the environment include 
occupational and leisure noise exposure, smoking, 
ototoxic medications, socioeconomic status, and 
other factors. A more practical classification of risk 
factors is based on whether they can be modified to 
reduce their impact on ARHL. From this perspective, 
at the present time, genetic factors are not modifi-
able. In contrast, disease processes and environmen-
tal factors are believed to be modifiable such that 
their control could delay or minimize hearing loss.

Genetic Factors

Individuals with ARHL often report a family his-
tory of hearing loss among parents, siblings, and 
close relatives. Therefore, it has been presumed that 
ARHL has a genetic component that influences the 
age of onset and severity of the loss. Challenges in 
separation of environmental from genetic factors 

ARHL tends be associated with late-onset depression 
but not with early-onset depression.24 In a meta-
analysis of published literature, the relationship 
between chronic diseases and risk for depression in 
old age was examined by calculating odds risk (OR) 
and relative risk (RR) for prevalence and incidence 
rates of depression, respectively.25 Loss of hearing 
was among a few chronic diseases, including stroke, 
loss of vision, cardiac disease, or chronic lung dis-
ease, that had both a significant OR and a significant 
RR for increased depression in old age.

On the other hand, the Nord-Trøndelag Hearing 
Loss Study with data from over 50,000 Norwegians 
aged 20 to 101 found substantial effects of hearing 
loss on symptoms of anxiety, depression, self-esteem, 
and subjective well-being in young and middle-aged 
persons, but not the older persons.26 Similarly, the 
Longitudinal Aging Study Amsterdam, in a 4-year 
follow-up study of older hearing-impaired subjects, 
found that although hearing loss was associated with 
loneliness, it was not associated with depression.27

In a cross-sectional study of Americans aged 50 
and above, dual sensory loss, vision loss only, and 
hearing loss only were significantly associated with 
depression after age, gender, poverty, education, 
functional impairment, bed days, self-rated health, 
social support, and social activities were controlled 
for.28 In contrast, in an English longitudinal study, 
controlling for health-related variables, including the 
number of medical conditions and functional dis-
ability renders insignificant the association between 
sensory loss in both vision and hearing with both 
the onset and the persistence of depression in older 
persons.29

If depression is indeed a consequence of hearing 
loss and isolation, that may further reduce the likeli-
hood of patients with ARHL seeking medical atten-
tion. Given its psychosocial implications, it has been 
recommended that clinicians maintain a low thresh-
old for suspecting hearing loss in older patients, par-
ticularly when they present with comorbidities like 
anxiety, depression, or apparent cognitive decline.30

Another symptom that affects the well-being of 
patients with sensorineural hearing loss is tinnitus. 
About 85% of patients visiting an otologist have tin-
nitus.31 The incidence of tinnitus increases with age: 
tinnitus affects 15% of the general population and 
33% of geriatric persons.32 In a longitudinal study of 
Swedish men and women in their 70s, 15% had con-
tinuous tinnitus, and 42% had occasional tinnitus, 
without any difference in the prevalence of tinnitus 
between men and women.33 It is not surprising that 
tinnitus commonly accompanies ARHL.34 This latter 
entity has been referred to as presbytinnitus.35 Pres-
ence of tinnitus by itself is not an independent risk 
factor for depression,36 but older individuals who 
perceive their tinnitus to be a problem or who have 
problems with tinnitus when going to bed often dis-
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on chromosomes 10 (171 cM), 14 (126 cM), and 18 
(116 cM) that showed evidence of linkage.

Heritability of audiometric shape parameters and 
the familial aggregation of different types of pres-
bycusis were investigated in siblings.50 The authors 
found higher heredity for severe types of presbycu-
sis compared with moderate or mild types, and low 
heredity for “concavity.”

The association between the magnitude of hear-
ing loss and self-reported family history was explored 
in a study conducted in a population 50 years or 
older in Sydney, Australia.51 The prevalence of hear-
ing loss was 33%, with 68.2% classified as mild and 
31.8% classified as moderate to severe. Of the 2,669 
subjects, 46.7% gave a family history of hearing loss. 
Participants who reported a family history of hear-
ing loss were younger than those who reported no 
family history. Participants with increased severity 
of hearing loss were also more likely to report a fam-
ily history of hearing loss among parents or siblings. 
After adjusting for known risk factors (age, sex, his-
tory of noise exposure, diabetes, smoking) a positive 
family history was shown to be strongly associated 
with hearing loss. This association was true regard-
less of whether the loss was reported in the mother, 
father, or siblings. The findings from this study sup-
port a strong association between family history and 
presbycusis, with the association seemingly stron-
ger with more severe hearing loss. Strong associa-
tions were found between maternal family history 
and moderate to severe hearing loss in women and 
paternal family history and moderate to severe hear-
ing loss in men.

A study of monozygotic and dizygotic twins 
explored the relative importance of genetic and 
environmental factors in self-reported reduced hear-
ing among an older Danish population.52 That study 
showed that probandwise concordance rates (prob-
ability of disease for one twin given that the part-
ner is affected) and odds ratios (the increased risk of 
reduced hearing for one twin given the presence vs. 
the absence of reduced hearing in the partner twin) 
were higher in the monozygotic twin pairs than in 
the dizygotic twin pairs, indicating a heritable effect. 
The heritability was estimated to be 40%.

Members of the National Academy of Sciences–
National Research Council (NAS-NRC) twin panel 
underwent a linkage analysis for presbycusis.53 This 
study highlighted a region of chromosome 3 mapped 
to the DFNA18 locus and showed a heritability of 61% 
for presbycusis. Individuals carrying two mutations 
of gap junction gene, GJB2, are at increased risk of 
developing early presbycusis.54

In another effort to identify specific ARHL genes, a 
genetic association study was performed with 2,418 
samples from across nine European countries.55 One 
gene, the grainyhead-like 2 gene (GRHL2), was found 
to be associated with ARHL in this population.55 In 

have made it difficult to assess the contribution of 
genetics to ARHL. Several lines of evidence, includ-
ing animal research, large population-based cohort 
studies, and gene studies using linkage and associa-
tion analysis have led to estimations of heritability 
and identified several genetic foci that are thought to 
be contributory.

Similarities between the auditory systems of 
mice and humans have allowed researchers to use 
mice as a model for better understanding of ARHL. 
Specifically, mutation of the Ahl1 gene (age-related 
hearing loss gene 1), mapped to chromosome 10, is 
associated with elevated hearing thresholds at high 
frequencies in middle- and older-aged inbred mice.41 
Cadherin 23 is the gene associated with this locus 
and has been localized to stereocilia.42 Based on this 
finding, it is hypothesized that cadherin 23 plays a 
critical role in signal transduction in the inner ear. 
More recently, four other genes on the mouse chro-
mosome 10 have been implicated.43–46 Using a geneti-
cally heterogeneous population of mice, several 
polymorphisms affecting ARHL and its modulation 
by noise have been defined, which included chromo-
some 10.47 The homologous genes regulating ARHL 
have yet to be identified in humans.

Large-population-based cohorts have proven 
useful in detecting the role of inheritance in ARHL. 
In the Framingham cohort, heritability of ARHL phe-
notypes was estimated to be 0.35 to 0.55.48 In that 
study, hearing levels in genetically unrelated and 
genetically related individuals with sensory and 
strial presbycusis were compared. The sensory pres-
bycusis phenotype (described later in the chapter) 
showed a familial aggregation of hearing thresh-
old levels, which was greatest for mother–daughter 
pairs, sister pairs, and brother pairs. The correlations 
for the father–child pairs were not significant, which 
was suggestive of extrinsic factors playing a larger 
role in the father’s hearing loss patterns. The strial 
presbycusis phenotype (described later in the chap-
ter) demonstrated a strong familial association in the 
sister–sister and mother–daughter pairs. Overall, the 
heritability estimates suggest that 35 to 55% of the 
variance of the sensory presbycusis phenotype and 
25 to 42% of the strial presbycusis phenotype are 
attributable to genes. The results of this study dem-
onstrated that in a large group of biologically related 
people, hearing sensitivity is more similar than in 
a group in the same general environment but who 
are unrelated. A subsequent study in this population 
examined the genetic linkage between measures 
from audiometric examinations and markers from 
a genomewide scan.49 The scan identified multiple 
chromosomal locations with evidence of linkage 
to presbycusis, with some of these locations corre-
sponding with genes implicated in congenital deaf-
ness. The analysis revealed three distinct regions on 
chromosome 11 (2, 79, 143 cM), as well as a region 
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Mutant alleles for GSTT1 are more likely to have a 
high-frequency, steeply sloping audiogram, suggest-
ing that the basal turn of the cochlea is susceptible to 
GSTT1-regulated oxidative stress.

On the threshold of the era of personalized medi-
cine, identification of specific genetic factors may 
render gene therapy a possible treatment for pres-
bycusis. For example, the introduction of the devel-
opmental gene Math1 has resulted in the recovery of 
hearing abilities of mature deaf mice.70 In the more 
proximate future, however, knowledge of genetic 
susceptibility may allow individuals with a family 
history of presbycusis to take preventive measures 
from a young age to help avoid or delay the develop-
ment of hearing loss by addressing modifiable risk 
factors for ARHL. Steps that could particularly help 
these at-risk individuals include healthier diet, not 
smoking, minimization of noise exposure, and man-
agement of aggravating comorbidities such as diabe-
tes and vascular disease.

Modifiable Risk Factors

The influence of genetics is likely to be modulated 
by a set of nongenetic factors. Cross-sectional stud-
ies have identified several associations between 
chronic health conditions and hearing loss, although 
longitudinal analyses have failed to support consis-
tently the association of some of these risk factors 
with incidence of ARHL. Cardiovascular disease71–75 
and diabetes76–80 are well recognized as risk factors. 
Hypertension is also linked to hearing loss in some 
studies,11,81 but not consistently.82 Older persons with 
moderate-to-severe hearing loss have a significantly 
higher likelihood of reporting previous stroke; but 
unlike sudden hearing loss, age-related hearing loss 
is not predictive of increased risk of stroke, at least 
over a 5-year follow-up.83 Chronic kidney disease76,84 
and systemic inflammation may contribute to pro-
gression of ARHL,85 although the latter may affect 
ARHL more actively in its early phases.86 A common 
thread among these disorders is vascular disease/
arteriosclerosis. Along this line, it has been suggested 
that hearing loss precedes clinical manifestations of 
ischemic heart disease and may be an important 
“early marker” of a vascular or generalized arterio-
sclerotic process.87

Although these conditions are risk factors for 
prevalence of hearing loss (cross-sectional stud-
ies), they are not always found to be predictive of 
incidence of hearing loss (longitudinal studies).11 
Some studies may fail to implicate these risk factors 
because they are only weakly associated with hear-
ing loss such that their effect is obscured by other 
factors.82

Besides systemic disorders, otologic disease can 
also impact hearing in the aged. In one study, chronic 

contrast, no positive association was found between 
GRHL2 polymorphisms and ARHL in Han Chinese.56 
Therefore, population differences might be a key fac-
tor in genetic expression.

Mitochondrial DNA mutations also have been 
implicated in the development of presbycusis. Mito-
chondrial function is essential for tissues with high 
metabolic activity such as the cochlea. Mutations 
in the mitochondrial genome accumulate with age; 
and once they reach a threshold level, oxidative 
phosphorylation and tissue function are compro-
mised. Bai and colleagues reported that the Com-
mon Deletion (CD, a 4,977 base pair deletion most 
commonly associated with aging) was found in a 
higher frequency in temporal bones from individu-
als known to have been affected by presbycusis 
compared with those unaffected.57 Consistent with 
this finding, Markaryan and colleagues reported that 
with increasing age, the quantity of the CD increased 
and that the amount of the CD directly and signifi-
cantly correlated with the severity of hearing loss 
at 8,000 Hz.58 Mitochondrial mutation and deletion 
have been shown to contribute to the development 
of ARHL in a rodent model of presbycusis.59 On the 
other hand, ARHL in humans was not associated 
with mitochondrial mutations in a large sample of 
200 patients with ARHL.60

Oxidative stress is one possible mechanism for 
the aging process,61 and cochlear oxidative stress 
has been implicated in mouse models of ARHL.62,63 
The dismutase 2 (SOD2) gene encodes a ubiquitous 
mitochondrial superoxide dismutase enzyme (man-
ganese superoxide dismutase [MnSOD]) crucial for 
maintenance of reactive oxygen species homeostasis 
and has been implicated in the pathology of aging. 
SOD2 expression is reported to increase along a basal-
to-apical gradient in cochlear spiral ganglion cells in 
a manner consistent with the known gradient of hair 
cell loss in ARHL.64 A genetic association between dif-
ferent polymorphisms in the SOD2 gene and noise-
induced hearing loss has also been described.65 A role 
of common SOD2 promoter variation on SOD2 pro-
moter regulation has been described, and SOD2 has 
been linked to ARHL risk in men, further implicating 
mitochondrial genes.66

Antioxidant enzymes include those involved in 
glutathione metabolism, such as glutathione S-trans-
ferase (GST) and N-acetyltransferase (NAT), which 
are involved in the metabolism and detoxification 
of cytotoxic and carcinogenic compounds as well as 
reactive oxygen species (ROS). Individuals carrying 
polymorphisms of GSTM1, GSTT1 null genotype,67 
and a NAT mutant allele68 are at increased risk of 
developing presbycusis. In fact, individuals with the 
GSTT1 null genotypes are almost three times more 
likely to develop presbycusis.67 The association of 
audiometric patterns and polymorphisms of anti-
oxidant enzymes have also been explored in ARHL.69 
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ing-related worsening of hearing loss with age is 
likely mediated by vascular disease. Those with a his-
tory of noise exposure typically display more acceler-
ated ARHL,98–100 although vulnerability to deleterious 
eff ects of noise exposure is not uniform across the 
population,101 and not all studies are in agreement 
on the eff ect of noise on ARHL.10,102 There is experi-
mental evidence that early noise exposure can lead 
to accelerated age-related hearing loss in a mouse 
model.103 Among older adults, a history of exposure 
to workplace noise raises the risk of cardiovascular 
disease and angina, and severe exposure was asso-
ciated with incident stroke (OR 3.44).104 Long-time 
smokers with occupational noise exposure tend to 
have a higher risk of permanent sensorineural hear-
ing loss (SNHL).105

Another recognized risk factor is history of expo-
sure to ototoxic drugs. For example, chemotherapeu-
tic agents such as cisplatin are used commonly in 
management of oncological disease, the incidence of 
which increases with age. Persons over 70 account 
for 45% of newly diagnosed malignancies.106 Not sur-
prisingly, many cancer patients have ARHL before 
introduction of chemotherapeutic regimens.107 All 
markers of oxidant stress, lipid peroxidation, gluta-
thionylation, and nitrosylation of proteins increase, 
whereas the measures of antioxidant defenses, mito-
chondrial apoptosis-inducing factor, and superoxide 
dismutase 2 (SOD2) decrease with age.108 Similarly, 
ototoxicity in general is believed to involve accumu-
lation of ROS, leading to apoptosis.109,110 Therefore, at 
least theoretically, the dual demand on the antioxi-
dant scavenger system might be expected to lead to 
poorer hearing outcomes.111 It is not known whether 
a synergistic interaction between ARHL and cisplatin 
ototoxicity is present. There is only one study that 
hints at possible outcomes. Older patients appear to 
show signifi cantly greater incidence of audiometric 

otitis media was found in 13.8% of the cases, otoscle-
rosis in 3.8%, and Ménière disease in 1.3%.88 A more 
recent study found the prevalence of middle-ear dis-
eases resulting in conductive or mixed hearing loss 
to be 6.1 to 10.3%, 1 to 3% for otosclerosis and 1.2% for 
Ménière disease.89 Hearing impairment in Ménière 
disease appeared to increase linearly with the dura-
tion of the disease for patients < 50 years of age; but 
in older subjects, the eff ect of the duration of the dis-
ease decreased.90 The diff erence that occurred at the 
onset of the disease remained until presbycusis in 
the better ear reached the hearing level of the worse 
ear. There is an increase in the prevalence of otoscle-
rosis in those older than 60 years of age, reaching its 
peak in the age group above 80 years (Fig. 6.1).91 A 
signifi cant deterioration in the hearing level has been 
reported in otosclerotic ears as a function of age,91 
but the rate of age-related sensorineural hearing 
loss in stapedectomy-treated ears is similar to that 
expected from presbycusis.91–93 Demineralization of 
the cochlea has been associated with sensorineural 
hearing loss in bone diseases, including Paget disease 
and cochlear otosclerosis. The extent to which Paget 
disease and cochlear otosclerosis interact with ARHL 
to aff ect hearing has not been described. An associa-
tion between femoral neck bone mass and ARHL in a 
population of rural women aged 60 to 85 years has 
been reported.94 This fi nding suggests that deminer-
alization of the otic capsule in conjunction with age-
related bone mass loss might be one biological factor 
contributing to hearing loss in the geriatric popula-
tion. However, no consistent relationship was found 
between bone density and hearing sensitivity in a 
population-based sample.95

Besides disease-related risk factors, there is also 
a set of modifi able environmental factors that have 
been identifi ed. Noise exposure and cigarette smok-
ing73,81,96,97 are the best established risk factors. Smok-

Fig. 6.1 Prevalence estimates for oto-
sclerosis as a function of age and gender.
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frequency (9–16 kHz) audiometric thresholds and 
reduced otoacoustic emission amplitudes, an early 
finding of noise-induced hearing loss.125

 ■  Relationship of Audiogram 
Characteristics to Cochlear 
Pathology

Audiometric evaluation for ARHL relies principally 
on the pure-tone threshold audiogram. It should be 
acknowledged that a standard audiometric evalu-
ation is not a purely sensory test. Patient decisions 
about having heard a signal are governed by a set of 
self-generated rules that lie along a continuum from 
stringent to lenient. A patient who adopts a strict 
approach will respond only when absolutely certain 
that a signal was heard. In contrast, when lenient 
rules are adopted the patient will respond when-
ever presence of a signal is suspected. The decision 
variables reflect the central processes within listen-
ers that mediate all stimulus-response tasks. The 
notion of a cognitive component for threshold test-
ing (i.e., “did I hear the tone or not”) is supported by 
Gates and colleagues, who reported that pure-tone 
thresholds were worse in those with poorer execu-
tive function scores when they compared normal 
subjects to those with mild memory impairment but 
without other signs of dementia and to those with an 
established diagnosis of AD.126

For the purpose of the present discussion, cog-
nitive implications of threshold testing will be set 
aside to focus on peripheral processes of ARHL. As 
highlighted in the preceding discussion, there are 
numerous factors that can affect hearing in old age 
and reflect history of genes, noise exposure, vascular 
health, diet, medications, and other factors. There-
fore, it is not surprising that patients with ARHL do 
not present with a characteristic audiometric pat-
tern or onset in a fixed age range. Whereas the con-
ventional audiogram evaluates hearing thresholds 
up to 8 kHz, testing higher frequencies (i.e., extended 
high frequency) allows detection of elevated hearing 
thresholds at a younger age.10,127,128 This suggests that 
ARHL is a progressive sensorineural degenerative 
process whose onset may actually precede “old age.”

Given the diversity in presentation of ARHL, types 
of ARHL have been classified based on audiometric 
profile (Fig. 6.2). Perhaps the best-known scheme 
is that of Schuknecht, who correlated postmortem 
cochlear histopathology and pure-tone threshold 
audiogram findings to propose four main types of 
presbycusis: neural—associated with spiral ganglion 
loss; metabolic—associated with stria vascularis 
changes; sensory—associated primarily with hair 
cell loss; and conductive—not associated with a clear 
pathological correlate.129,130

changes after cisplatin treatment.112 However, this 
study did not have adequate controls to be conclu-
sive. The experimental finding that intratympanic 
dexamethasone has otoprotectant properties against 
cisplatin-induced ototoxicity might imply that the 
antioxidant scavenger system might have sufficient 
reserve to prevent a negative interaction between 
ARHL and ototoxins.111

Because oxidative stress has been linked to 
ARHL, several studies have examined whether an 
antioxidant-rich diet can delay the progression of 
ARHL in animal models of presbycusis, with mixed 
results.113–115 Caloric restriction has been shown to 
suppress apoptosis in the cochlea and prevent pres-
bycusis in a mouse model.116 Diet and nutrition cer-
tainly appear to influence human ARHL. Increased 
levels of dietary vitamin E and A (antioxidants) 
are associated with a reduced likelihood of preva-
lent hearing loss, but they do not affect risk of inci-
dent hearing loss in 5 year follow-up.117 There is an 
inverse association between higher dietary intake of 
long-chain omega-3 fatty acids and regular weekly 
fish consumption.118 Overall, healthy diets tend to be 
associated with better high-frequency thresholds in 
adults.119 High body mass index97 and central obesity, 
as measured by waist circumference, is an indepen-
dent risk factor for age-related hearing loss in women 
older than 55.120 Moderate alcohol consumption is 
inversely correlated with hearing loss in the high, as 
well as in the low frequencies.97

Chronic sun exposure, as measured by facial 
wrinkles, is positively associated with age-related 
hearing loss.121 Sunlight, a source of ultraviolet radia-
tion, may be a source of systemic oxidative stress, 
which may be an underlying mechanism for presby-
cusis. Chronic sun exposure is more likely to produce 
hearing loss in those with low levels of antioxidants 
but without occupational noise exposure.121 Chronic 
low-level lead exposure may be an important risk 
factor for ARHL.122 On the other hand, higher educa-
tional attainment appears to be negatively associ-
ated with hearing impairment.123

People born in more recent years are less likely to 
have hearing impairment at a given age than those 
born in earlier years.124 Over a typical generational 
span of 20 years, the prevalence of hearing impair-
ment declined by 42% and 23% for men and women, 
respectively. This birth cohort effect likely is second-
ary to increased awareness of deleterious effects of 
noise and is consistent with the view that environ-
mental and modifiable factors may be associated 
with the development of hearing impairment. Given 
concern about early exposure to noise resulting in 
accelerated age-related hearing loss,103 the decline in 
hearing impairment may be reversed with the pop-
ularity of personal listening devices among youth 
today. Indeed, the users of these devices have been 
demonstrated to exhibit elevated extended high-
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crimination out of proportion to the threshold loss 
is often described, making amplifi cation diffi  cult due 
to poor comprehension.

Strial or metabolic presbycusis occurs with dete-
rioration or atrophy of the stria vascularis. It is 
slowly progressive and often genetic within fami-
lies. Functionally, the stria can be thought of as 
the “battery” of the cochlea that maintains endo-
lymphatic potential. Audiograms classically asso-
ciated with strial presbycusis show a fl at loss with 
slow progression and good speech discrimination 
with no loudness recruitment. Although structur-
ally intact, the function of the hair cells and con-
sequently the spiral ganglion is disrupted by the 
inability to maintain endolymphatic potential. Sig-
nifi cant improvement is possible with hearing aid 
amplifi cation because speech discrimination is not 
usually aff ected. Strial loss usually occurs in small, 
focal lesions in the extreme ends of the apex and 
lower basal turns of the cochlea, but it can spread to 
involve larger segments or diff use strial loss. Local-
ized areas with only 20 to 30% loss may not result 
in much functional change, but > 50% loss leads 
to decreased endolymphatic potential and poor 
cochlear amplifi cation with loss of gain (20 dB in 
the cochlear apex up to 60 dB in the base).

Sensory presbycusis appears to be from disrup-
tion or loss of outer hair cells, in the basal turn of 
the cochlea. Histologically, as hair cells and support-
ing cells undergo apoptosis, fl attening and atrophy of 
the organ of Corti are seen. Microscopic examination 
of cochlear tissue reveals accumulation of lipofuscin 
intracellularly, a marker of senescence. The audio-
gram associated with sensory presbycusis typically 
shows a sharply sloping, high-frequency loss extend-
ing beyond the speech frequency range, with a slow, 
symmetric and bilateral progression of hearing loss 
over the years.

Neural presbycusis is associated with a loss of spi-
ral ganglion cells and axons within the spiral osseous 
lamina, beginning in the basal turn of the cochlea. 
The organ of Corti in this type of presbycusis may 
show little sign of age-related degeneration. These 
changes disrupt transmission of the electrochemical 
signal from the cochlea into the auditory pathway 
via cranial nerve (CN) VIII, as refl ected in increased 
thresholds of compound action potentials and dys-
synchronous neural activity, which may be related 
to synaptic abnormalities.131 Classically, audiograms 
of patients with neural presbycusis show a moderate 
downward slope into higher frequencies with grad-
ual worsening over time. A severe loss in speech dis-

Fig. 6.2 Schematic representation of common audiometric patterns in age-related hearing loss.
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changes result in decreased endocochlear poten-
tial, which reduces cochlear sensitivity to a greater 
extent in the basal cochlea than in the apex. Using 
physiological fi ndings in quiet-aged and furosemide-
exposed gerbils as the conceptual framework, the 
main audiometric phenotypes (sensory, metabolic, 
and mixed sensory/metabolic) are believed to be 
consistent with predictions from animal fi ndings 
associated with sensory and strial pathology.136

 ■ Central Presbycusis
Peripheral changes are expected to produce second-
ary central changes. This would be consistent with 
a model of “maladaptive” neural plasticity in which 
degeneration of spiral ganglion aff erents133 induces 
slow secondary neural loss further up the audi-
tory pathway. Well-described peripheral auditory 
declines in the cochlea have been shown in mouse 
models of presbycusis to have direct and indirect 
consequences on the loss of neurons in the central 
auditory nuclei and potential reorganization of tono-
topic mapping in the primary auditory cortex and 
multiple associated cortices.137–141 In older human 
listeners, there is a linear relationship between 
hearing thresholds and gray matter volume in the 
primary auditory cortex, suggesting that even mod-
erate declines in peripheral auditory acuity lead to a 
systematic downregulation of neural activity during 
the processing of higher-level aspects of speech and 
may also contribute to loss of gray matter volume 
in the primary auditory cortex.142 In fact, individual 
diff erences in hearing sensitivity appear to predict 
the degree of language-driven neural recruitment 

Mechanical (or conductive) presbycusis is a cat-
egory of age-related hearing impairment that was 
interpreted as arising from stiff ening of the basilar 
membrane and atrophy of the spiral ligament. His-
tologically, several structural deformities suggest 
disruption of cochlear mechanics. Spiral ligament 
atrophy occurs most commonly in the apical turn 
and least often in the basal turn. Severe deterioration 
and cystic degeneration may lead to full detachment 
of the organ of Corti from the lateral cochlear wall. 
Audiograms in mechanical presbycusis typically 
have an upward slope toward the high frequencies, 
with preserved speech discrimination.

Vascular and noise-induced presbycusis are among 
other proposed categories of presbycusis that refl ect 
threshold elevations correlated to hypertension, 
cardiac disease, and stroke, or threshold elevations 
related to the intensity, duration, and frequency of 
noise exposure. In clinical practice, most cases of 
presbycusis do not separate into a specifi c type but 
have mixtures of these pathologies (mixed presbycu-
sis), and ~ 25% of all cases of presbycusis show none 
of the foregoing characteristics. This latter group 
was classifi ed as indeterminate presbycusis.130 Based 
on histological observations, Schucknecht and Gacek 
highlighted the importance of stria vascularis atro-
phy and neuronal losses over sensory cell losses.130

Other studies looking specifi cally at these clas-
sic categories have failed to establish a correlation 
between a pure-tone threshold pattern and struc-
tural abnormalities in the cochlea.132 For example, 
fl at audiograms were associated with strial atro-
phy in Schucknecht’s scheme. However, Nelson and 
Hinojosa reported that this audiographic pattern 
was infrequently associated with strial atrophy, and 
more often occurred with outer hair cell loss alone 
or in combination with inner hair cell and spiral gan-
glion loss.132 In contrast, the classic downward-slop-
ing audiogram has been associated with the extent of 
degeneration of the stria vascularis, inner and outer 
hair cells, and spiral ganglion cells.133 Ultrastructural 
features such as deformation of the cuticular plate in 
surviving hair cells134 or a peripheral neurite loss pat-
tern135 may need to be considered in a full character-
ization of cochlear changes in presbycusis. Regardless 
of the debate on cochlear pathology–audiogram cor-
relation, the notion that presbycusis arises from dis-
ruption of one or more of the key cochlear functional 
elements, including the inner and outer hair cells, 
spiral ganglion cells, and stria vascularis is widely 
accepted (Fig. 6.3).

Eff orts at classifi cation of audiograms of patients 
with age-related hearing loss can be aided by fi nd-
ings from animal models.136 The gerbil model of pres-
bycusis has demonstrated that age-related hearing 
loss is not a sensory but a metabolic disorder. That is, 
hair cell losses are attributed to noise exposure; and 
in the absence of noise damage, age-related strial 

Fig. 6.3 Primary targets of the aging process in the cochlea 
that signifi cantly impact hearing.
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Functional magnetic resonance imaging (fMRI) has 
identified a core sentence-processing area located in 
the perisylvian region of the left cerebral hemisphere 
and an associated network of brain regions that sup-
port the working memory and other resources needed 
for comprehension of long or syntactically complex 
sentences in normal healthy older adults.148 This find-
ing suggests that brain plasticity and compensatory 
neural recruitment contribute to maintenance of 
language comprehension with age. There are specific 
differences in activation of the auditory pathways 
observed through fMRI testing of speech listening in 
young and old listeners.149 Geriatric listeners show 
decreased activation of the auditory cortex compared 
with younger listeners, with even greater differences 
during speech listening in white noise compared with 
quiet listening. Specific sites of decreased activation 
included the anterior and posterior regions of the 
superior temporal gyrus bilaterally with particularly 
distinct differences within the posterior left superior 
temporal gyrus. Corpus callosum degeneration and 
resulting decreased interhemispheric neural transfer 
has also been implicated in asymmetric interaural 
responses during dichotic listening, with right-ear 
dominance frequently resulting.149

Further support for compensatory age-related 
changes in auditory processing comes from a recent 
study correlating hearing in quiet and noise with 
cortical structures evaluated with magnetic reso-
nance imaging (MRI).150 In older adults, a decline 
in the relative volume and cortical thickness of the 
prefrontal cortex was associated with a declining 
ability to perceive speech in a naturalistic environ-
ment. This finding is consistent with the decline– 
compensation hypothesis, which states that a decline 
in sensory processing caused by cognitive aging can 
be accompanied by an increase in the recruitment 
of more general cognitive areas as a means of com-
pensation.150 These compensatory mechanisms were 
also investigated using fMRI to compare neural pro-
cessing of degraded speech between young and older 
adults.151 Older adults adapted to degraded speech at 
the same rate as young listeners, although their over-
all comprehension of degraded speech was lower, 
driven by a reduced dynamic range. Neurally, both 
older and young adults relied on the left anterior 
insula for degraded more than clear speech. How-
ever, older adults relied on the middle frontal gyrus 
in addition to a core speech comprehension network. 
Once again, these findings lead to the conclusion that 
older adults recruit cognitive control networks as a 
compensatory mechanism.151 The foregoing studies 
suggest that older listeners appear to be able to com-
pensate for the impact of aging per se on the brain, 
so long as age-related pathological processes such as 
significant peripheral threshold elevations and pos-
sibly cerebrovascular and cognitive disorders (yet to 
be discussed) are not present.

during auditory sentence comprehension in the 
bilateral superior temporal gyri (including primary 
auditory cortex), thalamus, and brainstem for older 
listeners.142

However, not all of the central changes are due to 
hearing loss. For example, by controlling for hearing 
loss, one study demonstrated that age alone substan-
tially reduces spatial release from masking.143 The 
finding that aging can affect the ability to use spa-
tial and spectrotemporal cues to separate competing 
speech streams suggests age-related changes in the 
cortical and/or subcortical structures essential for 
spatial hearing are independent of hearing loss and 
points to the importance of central processing.

Perception comes from the Latin word perce-
pio (to receive) and implies organization of sensory 
input. Perception leads to cognition, which comes 
from the Latin word cognoscere (to learn or know), 
implying interpretation and assigning meaning. To 
move from signal detection to signal recognition and 
interpretation requires cognitive processing, which 
occurs through interaction of subcortical auditory 
pathways and multiple cortical regions. These inter-
actions are collectively referred to as central audi-
tory processing. Central auditory processing is used 
for successful completion of more challenging audi-
tory tasks such as detection of a signal in background 
noise. Such tasks become more complex in under-
standing speech, during which the listeners must 
perceive and attend to relevant speech features, such 
as the pitch, timing, and timbre of the speaker’s voice. 
Background or competing noise increases complex-
ity of the task, further taxing central mechanisms. 
Performance of these tasks would be expected to be 
influenced by age-related changes in central auditory 
processing, as well as in cognitive function.

Although cognitive skills such as processing 
speed, memory functioning, and ability to divide 
attention diminish with age, older adults with nor-
mal hearing can compensate successfully for deg-
radations in speech perception.144 It is believed that 
this compensation arises from linguistic skills and 
a lifetime of accumulated vocabulary. In addition, 
slowed speech bestows additional restoration ben-
efit because it provides older listeners more time to 
process noisy speech and to use available cues from 
the speech signal more effectively. It is believed that 
older people use context effectively145 toward this 
goal. On the other hand, older listeners with sensori-
neural hearing loss demonstrate deficits in the ability 
to compensate for degraded speech, and the severity 
of this deficit appears to be determined by the sever-
ity of the hearing loss.146 Saija and colleagues suggest 
that newly demonstrated top-down restoration skills 
of older individuals may lead to the development of 
new cognitive training methods to cope with com-
plex listening environments of everyday life,144 as in 
perception of interrupted speech.147
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AD.161 Using the SSI-ICM, in another study, a subset of 
older people from the Framingham Heart Study with 
normal cognitive screening test results on the Mini-
Mental State Examination were identified to have 
very poor performance on the SSI-ICM (< 50% cor-
rect), yet normal word recognition in each ear. In this 
subset, the odds ratio for later diagnosis of dementia 
was over 12. This finding was interpreted as a com-
mon mechanism for AD and central processing dis-
order. Gates and colleagues reasoned that, because 
executive functioning is abnormal in people with AD 
and that many of the elements involved in central 
auditory processing, such as short-term memory, 
attention to task, and inhibition of unwanted signals, 
might involve executive functioning and undertook 
an examination of executive functioning and cen-
tral auditory processing in another cohort. In that 
cohort, the significant relation of central auditory 
test results and the neuropsychiatric tests persisted 
even after adjustment for age, education, and pure-
tone hearing thresholds, as well as, exclusion of AD 
cases.126 The prevalence of a poor central auditory 
test (including SSI-ICM) was 33% for the cognitively 
normal group, 80% for the memory-impaired group, 
and 90% for the AD group.

In summary, all “hearing” is a cognitive activity 
and difficult hearing environments (e.g., in the pres-
ence of background noise) can overload the cognitive 
aspects of understanding, especially when age and 
disease limit cognitive resources. Attention to cen-
tral processes in evaluation of hearing loss has the 
potential to refine the current approach to rehabili-
tation and should include cognitive screening.

 ■  Epidemiological Impact of 
Hearing Loss in Older Adults

As already noted, a growing number of epidemiolog-
ical and clinical research studies have demonstrated 
strong associations between hearing impairment 
and measures of cognitive functioning and health 
outcomes. A conceptual model through which ARHL 
could be mechanistically associated with these 
downstream outcomes that are critical to aging and 
public health is depicted in Fig. 6.4. Investigating the 
potential mechanisms that underlie these associa-
tions begins with an understanding that age-related 
hearing loss reflects progressive damage to cochlear 
structures from aging and other factors (e.g., noise, 
vascular risk factors) that results in poorer encoding 
of sound by the cochlea. Earlier, we identified com-
mon factors that could underlie a simple correlation 
between hearing and aging outcomes, such as age, 
vascular risk factors (e.g., diabetes, smoking), and 
demographic or social factors (e.g., education). In 
contrast, mechanistic pathways through which hear-

In one of the earliest studies of central presbycu-
sis, the progressive loss in central auditory compe-
tence measured by simultaneous binaural challenges 
and frequency and temporal distortion tests corre-
lated with age.152 It was suggested that central pres-
bycusis, in addition to the peripheral form, further 
compounds hearing disorders in older patients and 
accounts for hearing disability in noise or speech 
competitive environments. Although some of the 
difficulties of hearing in noisy environments can be 
accounted for by loss of peripheral sensitivity, age-
related deficits in interhemispheric information pro-
cessing also contribute.153 In older individuals when 
speech-in-noise perception is poor, deficiencies in 
the subcortical spectrotemporal representation of 
speech, including low-frequency spectral magni-
tudes and the timing of transient response peaks, 
can be demonstrated.154

A recent authoritative review emphasized that 
accumulating evidence supports the existence of 
central presbycusis as a multifactorial condition that 
involves age- and/or disease-related changes in the 
auditory system and in the brain.155 Dysfunction of 
central auditory processing is believed to contribute 
more significantly to the pathology of late presbycu-
sis,126 making up a large component of presbycusis in 
people over 70 years of age.156

Some patients with central auditory processing 
disorder perform better with a single hearing aid in 
the better ear than with binaural aids.157 In noise, 71% 
of geriatric patients perform better with one hear-
ing aid, rather than two.158 This might be due to an 
imbalance or asynchrony in binaural signal or a cog-
nitive processing deficit and serves to highlight the 
importance of dichotic tests when evaluating any 
older patient with hearing loss.

Given the preceding implications of central pres-
bycusis, the standard approach of treating ARHL 
through compensation of peripheral functional defi-
cits (i.e., hearing aids and cochlear implants) may not 
be optimal. Some have promoted a more compre-
hensive management strategy for ARHL consisting of 
diagnostic evaluation that goes beyond conventional 
audiometric testing and includes measures of central 
auditory function, such as dichotic tasks and speech-
in-noise testing.159 A more comprehensive approach 
is expected to bestow substantial advantages on 
rehabilitation of the geriatric patient with ARHL.160

Although a better understanding of central pres-
bycusis is compelling because of its profound impli-
cations for auditory rehabilitation, the importance of 
this age-related process is further highlighted by the 
implications of the inherent relationship between 
central presbycusis and cognitive function. Gates and 
colleagues have shown that poor performance on the 
Synthetic Sentence Identification with an Ipsilateral 
Competing Message (SSI-ICM), one measure of cen-
tral processing disorder, is common in people with 
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Brain Structure and Function

Another pathway through which hearing impairment 
could contribute to impaired cognitive and physical 
functioning is through effects on brain structure. 
Neuroimaging studies have demonstrated that hear-
ing loss is associated with reduced volumes in the 
primary auditory cortex142,171,172 and loss of integrity 
of central auditory white matter tracks.171,173–175 The 
basis of these associations remains unknown but 
may be related to alterations in the degree of neu-
ral activation provided by an impoverished auditory 
signal with subsequent changes in cortical reorgani-
zation and brain morphometry.142 In animal models, 
cochlear impairments are known to be associated 
with both tonotopic reorganization of the auditory 
cortex176–178 and morphological changes in central 
neuronal structures.179 Interestingly, degraded fidel-
ity of peripheral encoding of sound likely results 
in recruitment and activation of broader neural 
networks needed for auditory processing,148,180,181 
suggesting that peripheral hearing loss may carry 
cascading consequences for other regions of the 
brain and brain function. Under such a model, hear-
ing impairment may constitute a “second hit” on the 
brain and thereby adversely affect cognitive perfor-
mance and increase the risk of dementia in parallel 
to brain pathology caused by amyloid-b accumu-
lation, neurofibrillary tangles, and microvascular 
disease. In support of this hypothesis, a recent neu-
roimaging study demonstrated that individuals with 
hearing impairment have accelerated rates of whole 
brain atrophy as well as specific volume declines in 
the right superior, middle, and inferior temporal gyri 

ing impairment could contribute to poorer func-
tioning include the effect of hearing impairment on 
cognitive load, brain structure, and decreased social 
engagement.

Mechanistic Pathways

Cognitive Load

Hearing impairment results in poor fidelity and dis-
torted encoding of complex sounds (e.g., speech) in 
the cochlea.162 The effect of poor peripheral encod-
ing of sound is demonstrated by studies in which a 
degraded auditory signal requires greater cognitive 
resources for auditory perceptual processing to the 
detriment of other cognitive processes, such as work-
ing memory.163–169 Neuroimaging studies have also 
demonstrated compensatory recruitment of regions 
in the prefrontal and temporoparietal cortex to main-
tain auditory speech processing in older adults.142,148 
The increased auditory processing required for a dis-
torted speech sound for an individual with hearing 
loss would affect the cognitive resources available 
for the performance of other tasks consistent with a 
resource capacity model.170 Importantly, such a cogni-
tive load would always be present, given that hearing 
and cortical processing of sound are evolutionarily 
evolved processes that remain constantly active (e.g., 
monitoring of environmental sound cues). This cog-
nitive “dual task” imposed by hearing impairment 
could, therefore, impact cognitive abilities as well as 
aspects of physical functioning that are dependent 
on attentional resources (e.g., gait, balance, driving).

Fig. 6.4 Conceptual model of the asso-
ciation of hearing impairment with cogni-
tive and physical functioning in older adults
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cal studies have used objective audiometric assess-
ments of hearing, both auditory and nonauditory 
tests of cognition, and have adjusted for multiple 
confounders (e.g., age, vascular risk factors). In two 
recent cross-sectional studies,239,240 the magnitude of 
the association of a 25 dB hearing loss (equivalent 
to shifting from normal to a mild hearing loss) with 
executive functioning was equivalent to ~ 7 years of 
aging. In subsequent longitudinal studies, greater 
hearing loss was also associated with accelerated 
rates of decline on both nonauditory and auditory 
tests such that individuals with hearing loss had a 
30 to 40% faster rate of cognitive decline compared 
with those individuals with normal hearing over a 6 
year period.241 Finally, hearing impairment has been 
found to be independently associated with a sub-
stantially increased risk of incident dementia.240,242 
Compared with individuals with normal hearing, 
those individuals with a mild, moderate, and severe 
hearing impairment, respectively, had a two-, three-, 
and fivefold increased risk of incident dementia over 
> 10 years of follow-up.240

Physical Functioning

Recent studies have demonstrated independent 
associations between hearing impairment and 
impaired daily functioning,17,192,243,244 mobility (e.g., 
gait speed245,246 and falls247,248), and mortality.249,250 In 
contrast, other reports have indicated that there 
is no significant association between hearing and 
physical functioning and activity.251,252 Heterogene-
ity in study results is likely explained by subjective 
measurement or varying definitions of hearing. Sim-
ilar mechanisms linking hearing and cognition could 
mediate these observed associations. Individuals 
with hearing impairment may perform less physical 
activity due to a greater likelihood of social isolation 
(and thus a lesser likelihood of exercise in a social 
setting) than individuals with normal hearing.253 
Studies have also demonstrated that impaired hear-
ing can contribute to cognitive load168 and can there-
fore affect attentional and cognitive resources82,239 
that are important for maintaining posture and bal-
ance.254,255 Finally, impaired hearing could restrict an 
individual’s ability to monitor the auditory environ-
ment effectively (e.g., hearing footfalls and other 
auditory cues that provide orientation to the physi-
cal environment) and thereby affect an individual’s 
likelihood of performing physical activities.

Role of Hearing Rehabilitative Therapies

These epidemiological analyses of the association of 
hearing impairment with cognitive and physical func-
tioning have adjusted for known confounders (e.g., 
age, education, diabetes). Although there is still likely 

over a mean 6.4 years of follow-up.182 These tempo-
ral regions are intriguing because they are impor-
tant not only for spoken language processing,183 but 
also for semantic memory and sensory integration 
and are involved in the early stages of mild cognitive 
impairment or early AD.184

Social Engagement

A final pathway through which hearing impairment 
could affect downstream outcomes is through effects 
on social engagement. Verbal communication is par-
ticularly susceptible to the effects of hearing loss 
given the inherent properties of spoken language. 
The components of spoken language consisting of 
the linguistic subsystems of phonology, semantics, 
and syntax are often encoded subtly in the audi-
tory stream (e.g., Sunday and someday are phoneti-
cally similar but have markedly different meanings 
in conversation). Presbycusis leads to decrements in 
auditory sensitivity and loss of frequency resolution, 
which compromise an individual’s access to these 
fine auditory cues.162 These effects result in degraded 
verbal comprehension and impaired communica-
tion, particularly in situations with poor signal-to-
noise ratio where effective communication is most 
critical (e.g., conversing with friends/family at din-
ner, participating in a meeting).185–189 Degraded com-
munication can subsequently lead to impaired social 
functioning as demonstrated in several studies of 
older adults.190–195 Social relationships have power-
ful effects on physical and mental health that have 
been recognized since Durkheim first described the 
relationship between social integration and suicide 
in 1897.196 Subsequent prospective studies have con-
sistently implicated a causal effect of poor social 
relationships on all-cause mortality,197–199 cogni-
tive decline,200–205 dementia,206–212 heart disease,213–215 
physical functioning,216–219 institutionalization,220,221 
gene expression profiles,222,223 and depression.224–226 A 
conceptual framework developed by Berkman et al 
to explain these effects hypothesizes that an individ-
ual’s social network provides opportunities for social 
support, social influence, social engagement, person-
to-person contact, and access to resources.227

Epidemiological Outcomes

Cognitive Functioning

Most previous epidemiological studies of hearing 
and cognition have demonstrated positive associa-
tions between hearing and cognition,228–235 but some 
studies have shown no association.236,237 Heterogene-
ity in study results is likely attributable to differences 
in how hearing and cognition have been defined and 
measured in each study.238 Recent epidemiologi-
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cochlear implants, or vestibular schwannomas are 
discussed elsewhere. Although the major issues are 
similar between older and younger otology patients, 
there are a few considerations that are of key impor-
tance in the geriatric patient.

First, there are some standard audiometric con-
cepts that are of particular concern in older adults. 
For otologic surgery, the key considerations are hear-
ing thresholds, word recognition (speech discrimina-
tion), and air–bone gap. The size of this air–bone gap 
assesses the physical contribution of the tympanic 
membrane and middle ear to hearing loss and repre-
sents the maximum potential improvement that sur-
gery can achieve. Although variable, as sensorineural 
thresholds decline, word recognition also declines. 
Word recognition scores do not particularly deterio-
rate as the air–bone gap increases, though, and this is 
of key interest for otologic surgery in the older adult. 
Some geriatric patients have word recognition scores 
that are disproportionately worse than one would 
expect from the bone thresholds. These patients 
may also have a large air–bone gap and have elevated 
bone thresholds. Surgery may reduce the air–bone 
gap, but this may be of little use to the patient if 
word recognition is poor. Surgery is not advisable for 
this subset of patients. Poor word recognition may be 
a major reason that many hearing-impaired people 
do not use hearing aids. Neither surgery nor hear-
ing aids can substantially improve word recognition. 
People want to hear mostly to participate in conver-
sation, but there is no reliable treatment for impaired 
word recognition. Word recognition scores < 60% are 
considered poor.257

Traditionally, stapedectomy, tympanoplasty, and 
ossiculoplasty of various types have made up the 
bulk of major otologic surgery for conductive hear-
ing loss. Otosclerosis is usually diagnosed in middle 
age, so most patients undergo stapedectomy earlier 
in life. For this reason, revision stapedectomy is more 
likely in the older adult.258,259 Proportionately more 
geriatric patients undergo stapedectomy/stapedot-
omy procedures for other indications, such as tym-
panosclerosis or other forms of stapes fixation. Bone 
may be soft in older patients, so complications such 
as prosthesis erosion or fracture of the incus may be 
more common in the older adult. Tympanoplasty 
may be indicated in certain geriatric patients for the 
same indications as in younger individuals, but revi-
sion surgery is more likely in the older adult than 
primary surgery because eustachian tube problems 
usually start early in life. Tympanostomy tube inser-
tion and even cerumen removal can be considered 
surgical procedures and should not be overlooked 
because these procedures may improve hearing in 
many people. There are no major differences in tech-
nique that apply only to older people, but some gen-
eral considerations are important.

Bone-anchored hearing aids (BAHAs) are sur-
gically implanted bone conduction hearing aids. 

to be residual confounding from some unmeasured 
common pathological factor (e.g., inflammation), the 
consistency and robustness of these results across 
multiple studies and independent datasets strongly 
suggest that there are mechanistic pathways through 
which hearing loss directly or indirectly impacts cog-
nitive and physical functioning in older adults. The 
most salient question, therefore, is whether hearing 
rehabilitative therapies could potentially mitigate 
these effects regardless of the mechanistic pathway. 
Results from observational epidemiological studies 
have generally demonstrated nonsignificant trends 
toward a protective effect with hearing aid use, but 
such results remain difficult to interpret. Individuals 
with hearing impairment who choose to use hearing 
aids and other technologies are likely to be health-
ier and of higher socioeconomic status (creating a 
positive bias of seeing a protective effect) but at the 
same time are also likely to have more severe hearing 
problems (leading to a negative bias) than individu-
als with hearing impairment who don’t use hearing 
aids. Answering this question, therefore, will require 
a definitive, randomized, controlled trial (RCT) 
of current best-practices hearing loss treatment 
(counseling/education, provision of hearing aid and 
other assistive devices) versus watchful waiting in a 
large cohort of older adults with untreated hearing 
impairment. Only one RCT of hearing aids focused 
on broader downstream outcomes has ever been 
performed, and this moderately sized RCT of veter-
ans performed over 20 years ago demonstrated posi-
tive effects of hearing aids on cognition and other 
functional domains at 4 months posttreatment.256 
Trials incorporating more representative cohorts and 
technology (e.g., digital hearing aids and other assis-
tive devices paired with counseling and education), 
following patients for several years, and providing 
observations of the effects of hearing rehabilitation 
on cognitive, physical, and social functioning have 
never been performed. A substantial advantage of 
such an RCT is that a well-designed and carefully 
planned trial can definitively answer the critical 
public health question at hand (does treating hearing 
loss reduce the risk of dementia?) while also provid-
ing the data to explore the various mechanistic path-
ways that underlie these associations.

 ■  Surgical Treatment of 
Conductive Hearing Loss  
in the Geriatric Patient

As already noted, ARHL can occur superimposed on 
other otologic disorders. This section is concerned 
with surgical treatments for conductive hearing loss 
in this subset of geriatric patients. Other treatments 
such as surgery to control cholesteatomas, infection, 
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There are two main advantages of surgical options 
for the geriatric patient:

1. Otologic procedures are usually of short 
duration, are well tolerated, and can often be 
performed under local anesthesia.

2. Significant improvement in hearing quality 
can result if patient selection is appropriate.

Pitfalls and considerations include the following:
1. Late-age onset of conductive hearing loss is 

unusual. Otosclerosis typically begins in teen 
years, and chronic eustachian tube issues are 
typically lifelong problems that do not arise 
primarily in the older adult unless a tumor 
is present. If patients present with new, 
conductive hearing loss for the first time after 
the age of 60, we need to be suspicious that 
there may be an important etiology.

2. Conductive hearing loss occurs in the 
geriatric patient, but there is usually a 
significant sensorineural component as well. 
Surgery and amplification can both improve 
thresholds, but neither can improve speech 
discrimination appreciably. Failure to consider 
preoperative speech recognition (e.g., word 
recognition score < 60%) may be the most 
common error in surgical judgment in 
otologic surgery in the older patient.

3. Another audiometric consideration for 
surgery is the shape of the audiogram. The 
sloping, high-frequency loss that is typically 
seen in ARHL133 is more difficult for fitting a 
hearing aid than a flat loss. Surgery may also 
create a high-frequency loss. It is appropriate 
to ask whether a hearing aid will still be 
required if surgery is successful. If so, surgery 
may still be reasonable, but it is critically 
important that the patient and surgeon 
understand the goal of surgery in advance and 
that the patient is aware a hearing aid will be 
required postoperatively.

4. Consider comorbidities carefully. Although 
there are recognized risk criteria for 
anesthesia, surgically specific issues are 
important, as well.
a. Bone strength and density might be of 

concern for some prostheses or procedures, 
particularly if crimping is involved, as 
in stapedectomy. In placing BAHAs, one 
should consider the possibility that the 
screw may not osseointegrate properly. 
It may be wise not to abbreviate the 
traditional 6-week wait time between 
surgery for BAHA placement and activation 
of the device, because bone density may be 
inadequate in the older patient.

Results do not appear to differ between older or 
younger patients.260,261

Is age a factor in surgical treatment of hear-
ing loss? It is difficult to find a paper that reports 
a significant difference in hearing outcome based 
on age alone. Sensorineural thresholds matter and 
they covary with age. Comorbidities matter, and 
they increase with age. For stapedectomy, Meyer 
and Lambert reported that results were similar in 
the older and younger adults.258 It would seem that 
unless there are individual medical concerns, surgi-
cal treatment of hearing loss in the older patient is 
similar to treatment in younger patients. There are 
no randomized trials of surgical treatment for hear-
ing loss specific to the geriatric population, possibly 
reflecting a lack of need to differentiate between 
older and younger patients. Age alone is not a valid 
reason to decline surgical treatment of conductive 
hearing loss. Obviously, many older patients have 
medical problems that must be considered and may 
be risk factors for surgery. These include factors, such 
as impaired vision, frailty, or preexisting increased 
fall risk, that could influence postoperative course, 
which may include dizziness and at least temporary 
hearing impairment. Individual preference and tol-
erance for surgery may be factors in patients’ deci-
sion making as well. In fact, most conductive hearing 
losses in geriatric patients are mixed losses with a 
significant sensorineural component that cannot be 
corrected with surgery.

Hearing aids are nonsurgical options for treat-
ment of hearing loss. Many older adults decide 
against having any treatment; nevertheless, hearing 
aids can be worthwhile.262 Older patients may have 
high expectations for hearing aids,263,264 but many 
hearing-impaired candidates do not use them.265–272 
Cited reasons for low usage rates include cost, dif-
ficulty using them, occlusion effect. These seem 
inadequate to explain fully the low usage rates. 
Many patients purchase hearing aids and then put 
them in a drawer; so cost does not always seem to 
drive usage.273 These people say, “The hearing aid 
just doesn’t work for me.” They must be right, at 
least for their specific aid and level of training in use. 
For some reason, a hearing aid does not meet their 
needs.274 For some patients, an aid may have been 
fitted poorly; but audiometric reasons seem to offer 
the most likely explanation for low usage. Temporal 
processing abilities are disproportionately reduced 
in the geriatric patient (see Central Presbycusis ear-
lier in the chapter).266,275–277 The most likely audiomet-
ric reason that hearing aids do not meet expectations 
may be poor word recognition.278 The lesson for sur-
geons is to be careful, because many of the reasons 
that hearing aids are not effective for some people 
are the same reasons that surgery is less effective in 
those same people.
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 ■ Introduction
Hearing impairment is one of the most common 
maladies affecting older adults. Almost two thirds 
of individuals 70 years of age and older have some 
level of hearing loss.1 The prevalence of hearing loss 
increases over time and is generally associated with 
aging; however, it is often untreated.2 Hearing loss 
can cause difficulty communicating with others, 
localizing sound, and perceiving warnings, all con-
tributing to a poorer quality of life.3 The National 
Institute on Deafness and Other Communication Dis-
orders estimates there are nearly 36 million adults 
in the United States with some degree of hearing 
loss, most cases of which are caused by the loss of 
cochlear sensory hair cells.4 Cochlear hair cells are 
highly specialized mechanosensory receptors that 
are responsible for converting mechanical sound 
information into an electrical signal, amplifying it 

and transmitting it to the brain via auditory nerve 
fibers. In humans and other higher vertebrates, the 
inability of cochlear hair cells to regenerate after 
damage is the primary reason for the permanence 
of hearing loss. This chapter describes the multiple 
approaches being taken in pursuit of novel regen-
erative treatments for sensorineural hearing loss in 
addition to discussing the most critical challenges in 
the field.

 ■ Background
The organ of Corti is highly organized and consists 
of many cell types, including cochlear hair cells, sup-
porting cells, and auditory nerve fibers (Fig. 7.1). 
At birth, the human cochlea contains ~ 15,000 sen-
sory hair cells. There are two types of sensory hair 

7

Fig. 7.1 The organization of the organ of Corti. Outer hair cells and inner hair cells are arranged in a 3:1 ratio surrounded by sup-
porting cells. Stereocilia on the apical portion of the hair cells are embedded in the tectorial membrane. Outer and inner hair cells 
are properly innervated at the base and attach to auditory nerve fibers, which send the auditory signal to the brain for processing.
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of regenerative ability has occurred with evolution 
remains unclear. Regardless, many investigators have 
focused attention on using what is known of mam-
malian hair cell development to guide efforts focused 
on regenerating hair cells after loss.

Treatments based on regenerating lost or dam-
aged tissue are inevitably complex, and efforts to 
regenerate hair cells in the mammalian cochlea are 
subject to unique challenges beyond those seen in 
other organs. First, one needs to consider the com-
plexity of an auditory hair cell. Hair cells are mor-
phologically distinct, with a round base and thinner 
apex. They contain small hair cell-like bundles called 
stereocilia, which extend from the apex of the cell 
and are embedded in the tectorial membrane. These 
hair cell bundles are mechanosensitive, responding 
to ionic flow, which transforms sound vibrations into 
electrical impulses. The electrical signal is then sent 
to the brain via auditory nerve fibers for further pro-
cessing. Because of this, proper neural integration 
needs to be established to transmit sound informa-
tion to the brain. Moreover, the cochlea has a distinct 
cytoarchitecture that is highly organized. This cyto-
architectural organization of the cochlea is critical to 
its proper function. Newly generated hair cells would 
need to integrate in the proper location within the 
cochlea and furthermore within the auditory sen-
sory epithelium (the organ of Corti) to encode sound 
information accurately. Last, the cochlea is a delicate, 
membranous, and fluid-filled structure that is sur-
rounded by dense otic capsular bone, making surgi-
cal access to the organ of Corti challenging. Efforts 
to outline meaningful regenerative therapies for 
hearing loss in humans need to address these unique 
challenges, and numerous laboratories worldwide 
are actively engaged in this exciting area of research.

 ■  Mechanisms for Avian  
Hair Cell Regeneration

Currently, there are two proposed mechanisms for 
cochlear hair cell regeneration in the avian inner 
ear: supporting cell proliferation and transdifferen-
tiation. Cell proliferation is referred to as the growth 
and division of cells, during which a supporting cell 
reenters the cell cycle giving rise to two daughter 
cells that differentiate into one supporting cell and 
one hair cell. When cochlear hair cells are destroyed, 
they send a signal to neighboring supporting cells to 
activate proliferation.18,25 This signal prompts sup-
porting cells to migrate through the sensory epithe-
lium, reenter the cell cycle, and generate a daughter 
hair cell and a supporting cell.15 Alternatively, hair 
cells may be generated via supporting cell transdif-
ferentiation, during which a differentiated cell is 
transformed into another cell type without cell cycle 

cells—inner hair cells and outer hair cells—both of 
which are important for hearing. Inner hair cells are 
responsible for converting sound information into an 
electrical signal, whereas outer hair cells are respon-
sible for amplifying the signal. Auditory nerve fibers 
are responsible for sending sound information from 
cochlear hair cells to the brain for processing. Loss 
or damage of cochlear hair cells and auditory nerve 
fibers has been estimated to account for ~ 80% of 
cases of hearing loss.5

Currently, amplification devices and cochlear 
implants are the primary treatment options avail-
able for individuals with sensorineural hearing loss. 
Although these treatment options can return some 
hearing capability, the results vary between indi-
viduals. In addition, both hearing aids and cochlear 
implants require lifelong device usage, and they gen-
erally do not restore normal hearing qualities. As 
such, other approaches for restoring more normal 
cochlear function are actively being explored.

 ■ Hair Cell Regeneration
In mammals, it is known that skin and bone marrow 
cells are continually replenished throughout life.6,7 
Furthermore, taste buds and olfactory bulb interneu-
rons are constantly renewed in adult mammals8–11; 
however, such regeneration is not seen in the mam-
malian cochlea. It was previously thought that 
auditory hair cell regeneration did not occur in any 
context until 1988 when investigators found func-
tional recovery of hearing due to regenerated hair 
cells after noise trauma in birds.12–14 The mamma-
lian inner ear was thought to lack this regenerative 
capacity to replace damaged hair cells until 1993, 
when investigators found evidence of hair cell regen-
eration in the vestibular sensory epithelia of adult 
mammals.15,16 Although replacement of vestibular 
hair cells was observed, the newly regenerated cells 
occurred infrequently, and the amount of functional 
recovery that the regenerated cells may produce has 
been questioned.17

In the avian inner ear, hair cell regeneration begins 
after an auditory insult. Subsequent signaling after 
the insult begins a process whereby supporting cells 
divide and differentiate into immature hair cells and 
supporting cells.18–20 Alternatively, supporting cells 
may transform directly into immature hair cells,19,21,22 
a process referred to as transdifferentiation. Using 
molecular, genetic and environmental cues, these 
immature hair cells continue to become morpho-
logically distinct as they mature over the course of 
several weeks.23,24 When compared with that of birds, 
fish, and amphibians, the cochlear sensory epithe-
lium in mammals appears to have lost its ability to 
regenerate after hair cell loss. Exactly why this loss 



7 Regenerative Therapies for Sensorineural Hearing Loss: Current Research Implications for Future Treatment  65

Atoh1 gene lack sensory hair cells in the auditory and 
vestibular portions of the inner ear.29,31,32 In contrast, 
when Atoh1 is overexpressed in cultured cochlear 
explants, supernumerary hair cells are generated.33 
Moreover, Atoh1 has been found to be upregulated 
during hair cell fate specification in the adult chicken 
during hair cell regeneration.34 Collectively, these 
findings speak to the critical role that Atoh1 plays 
in determining hair cell fate specification within the 
inner ear.

Investigators have introduced Atoh1-expressing 
viral vectors into the organs of Corti of a variety of 
different rodent species. Kawamoto and colleagues 
showed that delivery of Atoh1-expressing adenovi-
ral vectors to the organ of Corti of mature, normal-
hearing guinea pigs results in expression of the gene 
product in the organ of Corti and in some nonsensory 
locations (ectopic expression in cells outside of the 
organ of Corti) within the cochleae.35 Cells expressing 
the exogenously delivered Atoh1 also expressed the 
hair cell marker myosin VIIa and displayed imma-
ture stereociliary bundles at the apex of the cell. In 
addition, these newly formed hair cells appeared to 
attract axons extended from the auditory nerve on 
some level. From this, the authors of this study con-
cluded that cells in the normal-hearing adult mam-
malian inner ear are capable of generating new hair 
cells upon Atoh1 misexpression.

Taking this a step further, Izumikawa and col-
leagues delivered an Atoh1-expressing adenovirus to 
the organs of Corti of deafened mature guinea pigs.36 
Animals transfected with the virus showed new hair 
cell formation in the organ of Corti and in some ecto-
pic locations in the cochlea. The authors also reported 
a significant improvement in auditory brainstem 
response thresholds in the ears of animals trans-
fected with Atoh1. Cross-section analysis revealed 
that some of the cells displayed a mixed phenotype, 
having both hair cell and supporting cell features. As 
a whole, the source of the newly generated hair cells 
was unclear; however, it was hypothesized they arose 
from transdifferentiated and proliferated cells within 
the damaged regions that had been transfected with 
the Atoh1-expressing adenovirus.

In 2008, Gubbels and colleagues established a 
method to conduct gain-of-function studies in the 
developing inner ear using an in utero gene transfer 
technique.37 Plasmids encoding Atoh1 and green flu-
orescent protein (GFP) were microinjected into the 
otic vesicle of mice on embryonic day 11.5 and exam-
ined on embryonic day 18.5 and later time points. 
Ears that received Atoh1 demonstrated supernumer-
ary hair cell formation throughout the cochlea. Cells 
that formed secondary to the delivery of exogenous 
Atoh1 expressed myosin VIIa and displayed stereo-
ciliary bundles. Moreover, they attracted neuronal 
processes and expressed the ribbon synapse marker 
carboxy-terminal binding protein 2. Postnatal elec-

reentry.26 In this approach, neighboring supporting 
cells are converted to hair cells via nonmitotic mech-
anisms with consequent depletion of the supporting 
cell population.

As applied to the mammalian inner ear, it is not 
clear how these mechanisms of regeneration might 
affect the organization, structure, and functional 
integrity of the organ of Corti.27,28 If supporting cells 
don’t replace themselves as they transdifferentiate 
into hair cells, the cytoarchitecture and function of 
the organ of Corti might be compromised. As such, 
a method to regenerate hair cells in the mammalian 
inner ear that does not lead to depletion of the cohort 
of endogenous supporting cells would seem logically 
preferable to one that relies on transdifferentiation 
alone. It is possible, however, that the mammalian 
inner ear has some tolerance to a level of depletion of 
the supporting cell population if it provides a healthy, 
functional cohort of hair cells. Ongoing research in 
this area through the approaches described here will 
likely provide insight into these unanswered ques-
tions in the years to come.

 ■  Regenerative Approaches for 
the Treatment of Hearing Loss

There are several approaches being taken in the pur-
suit of novel, regenerative treatments for hearing 
loss, each having unique potential benefits and chal-
lenges. These approaches can generally be grouped 
into four categories:

1. Gene transfer
2. Pharmacotherapies
3. Exogenous delivery of stem cells
4. Promotion of endogenous stem cells

Gene Transfer

Gene transfer has become an attractive avenue 
for regenerating hair cells by introducing a gene of 
interest to cells. To date, several studies expressing 
various genes of interest have produced promising 
results, which are discussed next.

Atoh1

The expression of the basic helix-loop-helix tran-
scription factor Atoh1 is one of the first indicators of 
hair cell differentiation in the cochlea.29–32 In devel-
oping mammals, Atoh1 is expressed in prosensory 
patches that give rise to the auditory sensory epithe-
lia and is both necessary and sufficient for hair cell 
development and formation.31–33 Mice without the 
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instead,46,48 which is thought to maintain them in a 
quiescent state (see later discussion).

Modulation of the expression of cell cycle inhibi-
tors, such as p27kip1, may hold promise as a poten-
tial means for promoting some level of regeneration 
of hair cells in the mammalian inner ear. P27kip1 
appears to play a significant role in the inability 
of mammalian hair cells to regenerate after dam-
age.47,49 In the cochlea, P27kip1 is regulated at both 
transcriptional and posttranscriptional levels.44 Mice 
deficient for p27kip1 have supernumerary hair cells 
and supporting cells, most of which are located in 
the apical region of the cochlea.47 In addition, audi-
tory brainstem response thresholds obtained from 
these mice were significantly elevated compared 
with controls, suggesting severe to profound hearing 
loss. The significant elevation in auditory brainstem 
response thresholds is thought to occur from excess 
hair cells and supporting cells disrupting the spa-
tial organization and mechanical properties of the 
basilar membrane.47,49 In another study, White and 
colleagues examined the regenerative capacity of 
supporting cells isolated from the postnatal mouse.41 
The authors found that postmitotic supporting cells 
are capable of transdifferentiating into new hair 
cells in vitro. In the first experiment, the ability of 
postmitotic supporting cells to reenter the cell cycle 
was examined by isolating supporting cells express-
ing green fluorescent protein under a p27kip1 pro-
moter and culturing them in vitro. After 2 days, 60% 
of green fluorescent protein (p27kip1) positive cells 
downregulated expression of p27kip1, whereas 38% 
of these cells incorporated BrdU, signifying that these 
cells had reentered the cell cycle. Additional analysis 
determined that these cells were then able to dif-
ferentiate into hair cells. A small number of these 
cells expressed the hair cell marker myosin VI. These 
results demonstrate that postnatal supporting cells 
from mice have the ability to divide and differenti-
ate into hair cells via mitotic and nonmitotic means. 
Collectively, these studies suggest that modulation of 
p27kip1 in supporting cells may establish a method, 
or part of a method, to regenerate hair cells following 
their loss.

Although p27kip1 expression coincides with cell 
cycle exit, it is not essential for this occurrence.50 This 
suggests there are other genes that play a more central 
function in regulating cell cycle exit. Retinoblastoma 
(RB) 1 is another type of cell cycle regulator, which 
plays a role in holding inner ear hair cells in a state 
of quiescence and may represent a potential target 
for enabling regeneration to occur in the mammalian 
organ of Corti. The RB1 gene is a tumor suppressor 
involved in regulating cell cycle exit, differentiation, 
and survival. Although hair cells in the vestibular and 
auditory portions of the inner ear generally undergo 
similar processes during development and differen-
tiation, RB1 appears to play different roles in these 

trophysiological analysis of the cells generated from 
in utero transfer of Atoh1 revealed age-appropriate 
basolateral conductances and mechanoelectrical 
transduction properties. These results demonstrate 
that it is possible to generate cochlear hair cells by 
Atoh1 misexpression after in utero gene transfer. 
Moreover, this study showed that the generated hair 
cells are functional on a cellular level and establish 
connections with the central auditory network.

Collectively, these studies suggest that a gene 
transfer approach using transcription factors known 
to be critical for hair cell development can generate 
hair cells in normal and deafened cochleae of both 
adult and developing rodents. Furthermore, these 
studies demonstrate that the newly generated hair 
cells are able to associate with the nearby auditory 
nerve and are functional on a cellular and possibly 
even an organ system level. It remains unclear if 
this type of approach leads to depletion of the sup-
porting cell population and, if so, its implications. In 
addition, the long-term viability of hair cells gener-
ated through Atoh1 gene transfer is similarly unclear. 
Regardless, Atoh1 gene transfer–based approaches 
represent a promising and active area of investiga-
tion in the pursuit of novel, regenerative therapies 
for hearing loss.

Cell Cycle Modulators

Modulating genes that have a role in cell cycle regu-
lation is another molecular approach being pursued 
to achieve hair cell regeneration. Although mamma-
lian supporting cells are generally quiescent in vivo, 
several studies have reported that these cells have 
the capacity to reenter the cell cycle and generate 
hair cell–like cells in vitro.38–43 The concept of this 
approach is that by altering the cell cycle of residual 
supporting cells following hair cell loss, proliferation 
may ensue, with subsequent differentiation of the 
progeny into hair and supporting cells.

It is well established that during development, cell 
cycle exit continues progressively along the cochlear 
duct from the apex to the base, starting on embry-
onic day 12 and completing by embryonic day 14 
in mice.29,44–46 While this is occurring, cochlear cells 
begin to express hair cell markers, including Atoh1, 
myosin VI, and myosin VIIa.29,31,32 At a similar devel-
opmental time, supporting cells begin to express the 
cyclin-dependent kinase inhibitor p27kip1.44,46 The 
expression of p27kip1 has been shown to coincide 
with the cell cycle exit of hair cell and supporting cell 
progenitors.29,44,47 P27kip1 is continually expressed in 
supporting cells, which may be responsible, to some 
degree, for maintaining the quiescent state of sup-
porting cells.46 Alternatively, hair cells rapidly down-
regulate p27kip1 during differentiation, expressing 
the cyclin-dependent kinase inhibitor p19Ink4d 
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organ of Corti. Moreover, the long-term viability of 
hair cells generated through gene transfer is similarly 
unclear. In addition, determining a safe and effective 
method to deliver genetic material into the inner 
ear remains a critical challenge. It is plausible that 
genes of interest could be introduced to the inner ear 
through transtympanic delivery to the middle ear 
with subsequent transport or diffusion through the 
round window membrane to the cochlea. Alterna-
tively, direct injection of a gene of interest to the sca-
lar fluids of the inner ear might ultimately be required 
for meaningful delivery within the cochlea. The abil-
ity of the gene to penetrate all areas of the cochlea 
would need to be determined in addition to ensuring 
that no further damage results from these delivery 
approaches to the inner ear. Beyond the challenges 
of gene delivery on an organ basis, genetic material 
needs to be transported across the cell membrane for 
subsequent transcription to take place. Methods to 
accomplish this include packaging the gene in a viral 
vector that has tropism for the supporting cells of the 
organ of Corti, usage of electrical pulsations (electro-
poration) to drive the genetic material through the 
cell membrane or potentially packaging the genetic 
material in a lipid-based carrier that fuses with the 
cell membrane to release the gene of interest into the 
cytoplasm. Although these cellular delivery mecha-
nisms are plausible approaches for gene delivery to 
the inner ear, a viral-based method for gene deliv-
ery appears to be the most logical candidate and the 
approach used in scientific studies on cochlear gene 
transfer to date.35–37 Although many questions remain 
to be answered, gene transfer–based approaches for 
the treatment of hearing loss remain a promising 
and attractive area of investigation.

Pharmacotherapy

Pharmacotherapeutics focuses on the use of drugs to 
modulate signaling pathways or gene expression in a 
cell. In regard to hearing loss, these drugs may target 
specific cellular pathways that signal supporting cells 
to divide, or target the regulation of specific genes 
such as Atoh1 in attempts to generate new hair cells. 
In concept, these synthetic molecules with biologi-
cal activities could potentially be given systemically, 
transtympanically, or by intracochlear administra-
tion to effect the generation of hair cells after loss, 
potentially avoiding some of the challenges associ-
ated with other approaches for hair cell regeneration.

The Notch signaling pathway is one potential tar-
get for pharmacotherapeutically mediated efforts 
toward hair cell regeneration. This signaling path-
way is responsible for establishing, at least in part, 
the hair cell–supporting cell mosaic of the organ 
of Corti during inner ear development.55–60 During 
development, Notch activation in supporting cells 

regions.51,52 In 2005, Sage and colleagues found that 
targeted deletion of RB1 in the developing mouse 
utricle leads to proliferation of vestibular hair cells,53 
suggesting a potential role for alteration of RB1 as 
a means to achieve regeneration of hair cells in the 
future. More recently, inactivation of RB protein in 
postmitotic supporting cells resulted in cell cycle 
reentry, with a subsequent increase in the number 
of supporting cells in the neonatal mouse cochlea.54 
Moreover, some of the nuclei of proliferating sup-
porting cells were intermittently observed in the 
hair cell layer above their normal position, similar 
to supporting cells undergoing regeneration in the 
avian auditory epithelium. There was no evidence 
of newly generated hair cells from supporting cells, 
suggesting that there may be a potential role involv-
ing other signaling factors to facilitate the continued 
differentiation of the newly generated cells into hair 
cells. One concern in the application of this type 
of strategy lies in the risk of tumor formation with 
manipulation of tumor suppressor genes such as 
RB1. As such, additional investigation will be needed 
to determine if efforts aimed at targeted alteration 
in the expression or function of genes, such as RB1, 
could be pursued safely as a potential therapeutic 
strategy for hair cell regeneration in the future.

Following hair cell formation, a mechanism to 
maintain the postmitotic status and continued 
viability of the cells is necessary to prevent their 
degeneration. The cyclin-dependent kinase inhibitor 
p19Ink4d is a factor that appears to sustain the post-
mitotic status of hair cells.48 During development, 
mice deficient for p19Ink4d develop in a normal 
manner; however, hair cell loss is observed begin-
ning on postnatal day 17.48 In these mice, it appears 
that hair cells attempt to reenter the cell cycle, caus-
ing them to die by programmed cell death. As already 
discussed, hair cells rapidly downregulate p27kip1 
during differentiation,46 suggesting that p19Ink4d 
alone is responsible for maintaining the postmitotic 
state of the hair cells.48 For the purpose of newly gen-
erated hair cells, continued maintenance is a con-
stant process, and failure to regulate this accurately 
can have adverse effects on hearing. Accordingly, 
future efforts aimed at regenerating hair cells in the 
deafened cochlea will need to take into account the 
ongoing need for maintenance of the newly gener-
ated hair cells to ensure their permanence.

Collectively, studies evaluating gene transfer–
based approaches for the treatment of hearing loss 
have produced promising results. Additional investi-
gation is necessary to characterize key genes and cell 
cycle modulators that have been found to be critical 
for hair cell regeneration in animal and cell culture 
models. Furthermore, it is essential to determine if 
direct transdifferentiation of supporting cells into 
hair cells leads to a depletion of supporting cells, 
which might disrupt the cytoarchitecture of the 
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ing hair cells in proper locations within the organ of 
Corti while avoiding depletion of the supporting cell 
population will need to be accomplished. Although 
more investigation is needed, the foregoing studies 
demonstrate that pharmacotherapeutic targeting of 
Notch signaling may enable meaningful regeneration 
of hair cells in the deafened cochlea in the future.

Exogenous Stem Cells

One promising approach in regenerative therapies 
involves the use of stem cells as a substrate to gen-
erate mature cell types of interest with subsequent 
transplantation. There has been great progress with 
this approach for regeneration of tissue in other organ 
systems, with several ongoing clinical trials aimed at 
treating macular dystrophy and macular degenera-
tion.73,74 With regard to the inner ear, several labora-
tories are attempting to generate cochlear hair cells 
in vitro using types of pluripotent stem cells such as 
embryonic stem cells (ESCs) and induced pluripotent 
stem cells (iPSCs). Pluripotent stem cells are defined 
as undifferentiated, self-renewing cells that have the 
ability to generate mature cell types from all three 
germ layers. Embryonic stem cells are a type of plu-
ripotent cell derived from the inner cell mass of a 
blastocyst ~ 5 to 7 days after fertilization (Fig. 7.2). 
Induced pluripotent stem cells are also pluripotent; 
however, they are derived from fully differentiated 
adult cells (Fig. 7.2), typically fibroblasts from a skin 
punch biopsy that have been reprogrammed into a 
state of pluripotency by treatment with combina-
tions of transcription factors. During development, 
pluripotent cells of the inner cell mass of a blasto-
cyst undergo sequential differentiation, becoming 
more specialized and tissue-specific as the organism 
matures. The process of differentiation of pluripo-
tent stem cells (ESCs or iPSCs) in culture to gener-
ate mature cell types recapitulates the process of 
development on some level. As applied to the goal 
of generating hair cells from pluripotent stem cells, 
the process of differentiating ESCs or iPSCs requires 
recapitulating inner ear, and subsequently hair cell, 
development in culture (Fig. 7.3). Several studies 
have reported successful differentiation of mouse 
pluripotent stem cells into otic progenitor cells 
and hair cell-like cells, whereas reports of achiev-
ing the same goal using human stem cells are more 
limited.75,76

Differentiation of Pluripotent Stem Cells  
into Hair Cell-Like Cells

In 2010, Oshima and colleagues published a step-
wise guidance protocol using mouse ESCs and iPSCs 
to generate mechanosensitive hair cell-like cells.77 

upregulates Hes and Hey transcription factors, which 
inhibit Atoh1 expression.60–63 Thus Notch activation 
suppresses hair cell differentiation in supporting 
cells, thereby regulating the number of hair cells 
and supporting cells.60 In addition, Notch expression 
appears to increase during hair cell regeneration in 
the avian inner ear.64 Because of this, investigators 
have hypothesized that disrupting the Notch sig-
naling pathway might promote hair cell generation. 
During embryonic development, the absence of the 
Notch ligand Jagged1 resulted in a severe reduction 
of hair cells in both the auditory and the vestibular 
portions of the inner ears of mice, indicating that 
it is required for the prosensory inductive function 
of Notch.65 Other studies that inactivated the Notch 
ligands Delta1 and Jagged2 reported a greater num-
ber of hair cells relative to control cochleae, in addi-
tion to an increase in the number of supporting cells, 
suggesting Notch signaling may also play a role in 
regulating hair and supporting cell proliferation.65,66 
Several other studies have also reported that during 
development, disruption of Notch signaling can lead 
to a cellular conversion from a supporting cell fate to 
a hair cell fate.65–70 Collectively, these studies suggest 
that careful manipulation of Notch signaling in sup-
porting cells may provide an avenue for regenerating 
hair cells following auditory insult.

One of the first reports of pharmacological inhi-
bition of Notch signaling treated deafened guinea 
pigs using a γ-secretase inhibitor.71 In this study, the 
authors reported that a small number of hair cells 
were generated following γ-secretase administra-
tion, with newly generated cells expressing the hair 
cell marker myosin VIIa. More recently, pharma-
cological inhibition of Notch signaling using other 
types of small molecule γ-secretase inhibitors has 
been shown to cause partial recovery of hearing 
thresholds in mice exposed to noise trauma.72 In this 
study, pharmacological inhibition of Notch signaling 
with LY411575 in deafened mice resulted in trans-
differentiation of supporting cells into cochlear hair 
cells and partial restoration of hearing verified by 
auditory brainstem response testing. The supporting 
cells did not appear to reenter the cell cycle follow-
ing γ-secretase administration, indicating that hair 
cells were generated through transdifferentiation. 
Of note, both of these studies used direct delivery of 
γ-secretase inhibitors to the scala tympani, which 
represents one potential advantage to a pharmaco-
therapeutic approach. In contrast, other approaches 
for hair cell regeneration such as gene transfer and 
cell transplantation (to be described) are more likely 
to require intracochlear delivery methods, which 
have a higher potential risk for hearing loss. In gen-
eral, for this approach to become clinically relevant, 
the ability of the drug to penetrate all regions of 
the cochlea and prevent ectopic hair cell formation 
needs to be explored further. In addition, generat-
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refine techniques so that the hair cell-like cells gen-
erated from human stem cells have morphological 
refinement and functionality comparable with those 
seen in the mouse ESC and iPSC studies discussed 
earlier.

Cell Transplantation to the Organ of Corti

There have been several reports to date investigat-
ing the ability of stem cells to integrate into cochlear 
tissues upon inner ear transplantation.79–88 Multiple 
types of stem cells and methods for transplantation 
have been explored using both normal-hearing and 
acutely deafened cochleae. One of the first reports of 
stem cell delivery to the inner ear of mammals was 
published in 2001 by investigators in Japan.79 Neural 
stem cells were prepared from hippocampal tissues 
and injected into the scala tympani of newborn rat 
cochleae. Two to 4 weeks following transplantation, 
the authors reported grafted cell survival, with some 
resembling hair cells along the organ of Corti. Other 
studies transplanting stem cells into the damaged 
cochlea have described evidence of grafted cell sur-
vival and some integration into the sensory epithelia 
of the inner ear. In one study, investigators trans-
planted mouse fetal neural stem cells into the inner 
ears of mice following ototoxic injury.80 Grafted cells 
were identified in the cochlear, vestibular, and spi-

The protocol uses principles of early development 
to direct the differentiation of pluripotent stem cells 
along ectoderm and otic lineages, respectively. Hair 
cell-like cells generated from this protocol displayed 
stereociliary hair bundles similar to hair cells of the 
postnatal mouse inner ear. Furthermore, these cells 
responded to mechanical stimulation and displayed 
electrophysiological properties similar to immature 
inner ear hair cells. More recently, Koehler and col-
leagues reported a three-dimensional in vitro model 
to generate inner ear sensory epithelia from mouse 
pluripotent stem cells.78 Unlike the previous report, 
their model did not use mitotically inactivated 
chicken utricle stromal cells to guide the differentia-
tion process; rather, they employed a defined, three-
dimensional culture system to provide the necessary 
cues for hair cell differentiation. These intriguing 
studies provide a basis for using pluripotent stem 
cells to gain a deeper insight into the mechanisms 
underlying inner ear development, in addition to 
generating hair cells in vitro for disease modeling, 
molecular diagnostics, and drug discovery. Further-
more, these studies provide a method to generate 
populations of mouse inner ear progenitor and hair 
cell-like cells to be used in the pursuit of stem cell 
transplantation–based treatment approaches for 
hearing loss. Although progress in generating hair 
cells from human pluripotent stem cells has been 
forthcoming,75,76 additional studies will be needed to 

Fig. 7.2 (a, b) Generation of embryonic stem cells and (c–e) induced pluripotent stem cells. In generation of human embryonic 
stem cells, (a) cells are isolated from the inner cell mass of a blastocyst 5–7 days after fertilization and (b) cultured in vitro. These 
cells have the potential to differentiate into all cell types in the body. In generation of human-induced pluripotent stem cells,  
(c) adult cells are isolated from a donor, typically fibroblasts of a skin punch biopsy, and cultured in vitro. (d) Genes associated with 
pluripotency (Oct ¾, Sox 2, Klf4, and c-Myc or Oct ¾, Sox 2, Nanog, and LIN28) are delivered into the cells via viral vectors. (e) Cells 
expressing markers associated with pluripotency (pink) are isolated and continually cultured. As with embryonic stem cells, these 
cells have the potential to differentiate into all cell types in the body.

a b

c d e
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cells transplanted into the sound-damaged inner ear 
were able to migrate throughout the cochlea.81 The 
authors reported that the grafted neural stem cells 
in the organ of Corti expressed the hair cell markers 
myosin VIIa, oncomodulin, and calbindin. In addi-
tion, some of the grafted cells in the spiral ganglion 
exhibited a comparable phenotype to spiral ganglion 
neurons. In aggregate, the findings of these stud-
ies suggest that grafted stem cells can survive in 
the adult cochlea after transplantation for as long 
as 4 months in some cases. Despite the evidence of 
grafted cell survival,82–87 there have been a limited 
number of reports demonstrating sensory integra-
tion and/or differentiation of grafted cells into hair 
or supporting cells after transplantation in the adult 
mammalian cochlea.17,79–81,88 As such, a great deal of 
further investigation will be needed to identify stem 
cell or host-related factors that could be modified to 
allow for more successful integration of transplanted 
cells into the organ of Corti as hair cells.

Although stem cell transplantation into the adult 
mammalian cochlea has been met with limited suc-
cess, several investigators have reported that mouse 
stem cells transplanted into the developing avian 
inner ear have the capacity to generate hair-cell-
like cells. In one study, investigators generated otic 
progenitor-like cells in vitro from mouse ESCs, which 
were subsequently transplanted into the develop-
ing inner ear of chick embryos.89 The investigators 
reported that these otic progenitor cells were able to 
integrate into the avian auditory sensory epithelium 
and differentiate into cells expressing hair cell mark-
ers. More recently, another team of investigators 
used an alternative method to differentiate mouse 
ESC into hair cell-like cells.90 Consistent with the pre-
vious report, when transplanted into the otic vesicle 
of developing chick embryos, these cells were found 
to incorporate in the correct location and function 
as host cells in the inner ear. Together, these stud-
ies demonstrate that mouse stem cells are capable of 
engraftment and differentiation under appropriate 
conditions when transplanted into the developing 
chick inner ear. This suggests that the microenvi-
ronment of the developing inner ear presents trans-
planted stem cells, even those from another species, 
with the signaling necessary to allow for engraftment 
and terminal differentiation as hair cells. Identifica-
tion of host-related factors present in the develop-
ing inner ear that permit successful engraftment of 
transplanted stem cells may influence the future 
development of strategies whereby deafened adult 
mammalian cochleae may be modified or primed 
in some way to allow for subsequent engraftment 
of transplanted stem cells. Clearly, a great deal of 
research will be needed to realize the potential of 
stem cell transplantation as a regenerative therapy 
for hearing loss in the future; however, steady prog-
ress continues to be made in this area.

ral ganglion portions of the inner ear. Surprisingly, 
transplanted cells that integrated into the vestibular 
sensory epithelia expressed hair cell markers; how-
ever, this was not observed in grafted cells in the 
cochlear sensory epithelia. In addition, migration 
of transplanted cells was not observed in nondam-
aged control cochleae, suggesting that the molecular 
microenvironment of the acutely damaged mamma-
lian cochlea may aid in the migration and integra-
tion of grafted cells. Building on this work, another 
group of investigators reported that neural stem 

Fig. 7.3 Cell fate decisions in differentiating pluripotent 
stem cells to an inner ear hair cell-like cell. The highlighted lin-
eage decisions recapitulate those made by inner ear hair cells 
during normal development. Discrete modifications of the cell 
culture environment during pluripotent stem cell differentia-
tion act to guide the cells through these fate decisions to ulti-
mately generate an enriched population of mature inner ear 
hair (or supporting) cells.
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basilar membrane, avoiding the occurrence of ecto-
pic or supernumerary hair cells to maintain the pre-
cise organization of the organ of Corti. In addition, 
grafted cells need to establish proper integration and 
neuronal circuitry for normal function. Furthermore, 
a safe and effective method to deliver cells to the 
organ of Corti must be established to ensure that it 
is not further damaged by the transplantation pro-
cedure itself. Last, transplanted cells face the possi-
bility of immune responses that may ultimately lead 
to their rejection by the host, so immunosuppres-
sive therapy may prove to be necessary. Although 
it remains to be determined if exogenous stem cells 
have the therapeutic potential to improve hear-
ing ability, studies to date have provided promising 
results that may one day contribute to making this a 
viable treatment option.

Endogenous Stem Cells

The presence and potential of cells with stem cell–
like properties in the mammalian inner ear is the 
topic of ongoing investigation in several laboratories. 
Mammalian organs with the capacity to regenerate 
generally contain a population of adult stem cells, 
which are responsible for preserving and repairing 
the tissue in which they are found.92–94 These cells 
differ from pluripotent stem cells in that they are 
multipotent, meaning they are only able to differen-
tiate into tissue-specific cell types, not all cell types. 
When an adult stem cell divides, one of the result-
ing daughter cells replaces itself as an adult stem cell, 
whereas the other daughter cell becomes a tissue-
specific progenitor cell. Thus adult stem cells act as a 
self-repair system, repopulating themselves as adult 
stem cells in addition to replacing the damaged or 
destroyed tissue.

Adult stem cells are found in a variety of organs 
and tissues, including the central nervous system, 
skin, bone marrow, and gut. Increasing evidence sug-
gests that the inner ear may also possess a niche of 
stem cells. In one study, cells with a high proliferative 
potential and capacity to self-renew were isolated 
from the vestibular portion of the adult mouse inner 
ear.95 These inner ear–derived cells demonstrated 
the ability to form spheres, one feature of stem cells. 
When cultured in vitro, these cells showed the capac-
ity to differentiate into cells expressing mature hair 
cell markers. In addition, when these sphere-derived 
cells were transplanted into the developing inner ear 
of chicken embryos, they were capable of differenti-
ating into hair cell-like cells.

In another study evaluating the presence of adult 
stem cells in the mouse inner ear, investigators iso-
lated stem cells from cochlear and vestibular tissues in 
mice 1 to 4 months of age.96 Differences in the capac-
ity for sphere formation were observed, with stem 

Cell Transplantation to the Auditory Nerve

In 2006, Corrales and colleagues transplanted neu-
ronal progenitor cells derived from mouse ESCs into 
the cochlear nerve trunk of gerbils after experimen-
tally induced damage to the auditory nerve.91 The 
transplanted cells were found to occupy substan-
tial portions of the space previously occupied by 
spiral ganglion cells. Moreover, the cells were able 
to survive and extend processes throughout the 
cochlear nerve area, making contact with cochlear 
hair cells in the organ of Corti. From this study it 
appears that transplanted neuronal progenitor cells 
have the potential to survive, terminally differenti-
ate, and morphologically specialize in an animal 
model of auditory neuronal degeneration. More 
recently, restoration of auditory brainstem response 
thresholds following lesioning of the rodent audi-
tory nerve was reported using otic progenitor cells 
derived from human ESCs.76 In vitro, human ESCs 
were directed toward an otic progenitor fate using 
the signaling molecules fibroblast growth factor 3 
and 10. Using these growth factors, human pluripo-
tent cells were able to differentiate into hair cell-like 
cells and functional auditory neurons in vitro. The 
authors transplanted the human ESC-derived neural  
progenitor–like cells into the spiral ganglion region of 
gerbils after deafening them by destroying the host 
auditory neurons. Analysis of the transplanted cells 
revealed that they were able to engraft, differentiate, 
and improve auditory brainstem response thresh-
olds relative to deafened but untreated control ani-
mals. These studies demonstrate the ability of stem 
cell–derived neural progenitors to integrate success-
fully, terminally differentiate as auditory neurons, 
and ultimately improve auditory thresholds upon 
transplantation. Given these reports, the potential of 
stem cell transplantation for auditory nerve–related 
hearing loss may offer more immediate promise as a 
regenerative therapy when compared with stem cell 
transplantation into the cochlea.

Cell transplantation may be a viable treatment 
option in the future to replace damaged or lost cells 
in the inner ear; however, critical issues will need to 
be addressed to achieve this goal. First, an in vitro 
method to generate adequate and consistent num-
bers of hair cell progenitors from human pluripo-
tent stem cells needs to be established to supply the 
cochlea with a sufficient number of cells to replace 
those that are damaged or have been lost. Because 
there are many types of pluripotent stem cells being 
used in this pursuit, the most effective cell type(s) 
would also need to be determined. Moreover, it is 
essential to identify the factors that are most criti-
cal for successful integration and terminal differen-
tiation of grafted cells as hair cells to translate this 
approach to humans. Likewise, the transplanted cells 
also need to migrate to correct locations along the 
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More recently, Lgr5, a Wnt target gene, has 
emerged as another area of interest for hair cell 
regeneration.40,104,105 Lgr5 is a stem cell marker found 
in multiple proliferating adult tissues.106–109 Dur-
ing embryonic development, Lgr5 is expressed in 
nascent hair cells and supporting cells and is later 
downregulated as the cells mature, with expres-
sion limited to the third row of Deiters cells in the 
mature organ of Corti.104 Analysis of these cells by 
other investigators revealed that they give rise to 
hair cell lineages in vivo and in vitro.40 In this study, 
Lgr5-expressing cells were isolated and cultured in 
vitro and found to self-renew and differentiate into 
cells expressing the hair cell marker myosin VIIa. In 
vivo, these cells were able to give rise to hair cells. 
In agreement with the previous report, Lgr5 expres-
sion was downregulated to the third row of Deiters 
cells; however, inner pillar cells also appeared to 
retain this expression as well. Additional analysis 
revealed these Lgr5-expressing cells proliferate and 
generate hair cells under certain experimental con-
ditions in neonatal mice.105 Evidence that these cells 
are able to reenter the cell cycle and proliferate offers 
the advantage that these cells could replenish both 
hair cells and supporting cells in the damaged mam-
malian cochlea. It remains unclear at this point how 
long the population of Lgr5-expressing cochlear stem 
cells persist into adulthood. As with nestin expres-
sion, further investigation of these cells is needed to 
determine their therapeutic potential as a means for 
regenerating cochlear hair cells.

In summary, the presence of endogenous stem 
cells in the mammalian inner ear presents the possi-
bility of local therapy aimed at recruiting and direct-
ing these cells to repopulate the organ of Corti with 
functional cochlear hair cells after the native popu-
lation of hair cells has been lost or damaged. Some 
studies on the topic have reported that, over time, 
the number and/or viability of multipotent stem 
cells in the cochlea decreases.96,101–104  Consequently, 
there exists the possibility that, by the time these 
cells are needed for most patients with acquired 
causes of hearing loss, they no longer exist. Accord-
ingly, further research is warranted to determine the 
function, location, and persistence into adulthood of 
cochlear stem cells to better define their potential as 
the basis for a novel therapeutic approach for hear-
ing loss.

 ■ Conclusion
The past 30 years of research have provided a bet-
ter understanding of the mechanisms underly-
ing inner ear development, avian cochlear hair cell 
regeneration, pluripotent stem cell differentiation, 
cell transplantation, the presence of endogenous 

cells from the vestibular sensory epithelia displaying 
a higher capacity for sphere formation compared with 
those isolated from the cochlear sensory epithelia. In 
addition, the sphere-forming ability of the cochlear 
sensory epithelia rapidly decreased from the second 
to the third postnatal week, whereas the sphere-form-
ing ability of the vestibular sensory epithelia declined 
more slowly and into adulthood. As already stated, 
the mammalian vestibular organ has some capacity to 
replace lost hair cells,15,16 whereas the cochlea appears 
to lack this regenerative potential. Results from this 
study suggest that stem cell–like cells may be respon-
sible for the persistence of some regenerative poten-
tial observed in the vestibular sensory epithelium. In 
addition, the inability of the cochlear sensory epithe-
lium to regenerate might be due to a reduction in the 
number or potential of the tissue-specific stem cell 
population in the organ of Corti.

Although there are reports of low/undetect-
able progenitor cells in the adult mammalian inner 
ear, other lines of investigation suggest that stem 
cell compartments may persist within the mature 
cochlea. The intermediate filament protein nestin 
is expressed in proliferating tissues and is widely 
regarded as a marker of mitotically active cells and 
neural stem cells.97–100 As such, nestin is commonly 
used to identify cells with stem cell characteristics in 
developing and adult tissues.97 Several studies have 
reported the existence of nestin-expressing cells 
in the inner ears of mice; however, their presence 
and location differ between reports.101–103 In the first 
report, nestin expression was observed in support-
ing cells below the inner and outer hair cells in the 
immature mouse cochlea, in addition to some mild 
expression in the outer hair cells; however, in the 
early adult mouse, nestin expression was downregu-
lated and localized to only a few cells under the outer 
hair cell layer.101 In another study, nestin expression 
was observed in supporting cells near the inner hair 
cell layer, with some mild expression in a few inner 
and outer hair cells in the immature cochlea.102 In the 
mature inner ear, nestin expression was found to be 
limited to only the spiral ganglion. Most recently, 
nestin expression was found in supporting cells 
lateral to the outer hair cell region.103 This expres-
sion was observed throughout the whole cochlea 
in newborn mice; however, the number of nestin-
expressing cells decreased as the cochlea matured. 
Of interest, the authors reported that there appeared 
to be an increase in the number of nestin-expressing 
cells following noise trauma.103 Collectively, the pres-
ence of nestin-expressing cells in the murine inner 
ear raises the possibility of the persistence of a popu-
lation of stem cell-like cells within the mammalian 
cochlea. Further work exploring their exact pres-
ence, localization, and overall function is essential to 
understand any therapeutic potential that they may 
possess.
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 – Proper migration, integration, and terminal 
differentiation of transplanted cells into the 
organ of Corti as hair cells

 – Immune rejection of transplanted cells
• Endogenous stem cells

 – Identifying if endogenous cochlear stem 
cells persist into adulthood and maintain 
potency to become hair cells

 – Determining the spatial and temporal 
organization of adult stem cells in the 
cochlea

 – Identifying a method for allowing cochlear 
stem cells, if present, to enter the cell cycle, 
proliferate, and replace lost hair cells

 ■ Key Points
• Multiple approaches such as the following 

are being taken in pursuit of regenerative 
treatments for sensorineural hearing loss:

 – Gene transfer
 – Pharmacotherapies
 – Exogenous delivery of stem cells
 – Promotion of endogenous stem cells

• All approaches are still in experimental stages 
with no clinical trials to date in adults.

• Each approach has its own unique advantages 
and disadvantages.

• A combination of these approaches may 
be necessary for successful treatment of 
sensorineural hearing loss in the future.
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stem cells, and the potential therapeutic application 
of gene transfer and pharmacotherapies for hearing 
loss. Although much has been learned about the use 
of exogenous stem cells, inner ear stem cells, gene 
transfer, and pharmacotherapies for the replacement 
of damaged cells, these approaches for the treatment 
of hearing loss are still in experimental stages. There 
are many intricate components, and therefore chal-
lenges, involved in the process of auditory nerve and 
cochlear hair cell regeneration. As such, it is possible 
that a combination of the approaches described here 
or others not yet evident will yield novel, clinically 
meaningful treatments for hearing loss in the future. 
Although there are no clinical trials in this field to 
date for adults with hearing loss, several recent dis-
coveries using cell culture and animal models give 
hope that otolaryngologists will have novel, regen-
erative therapeutic options for the management of 
sensorineural hearing loss in the future.

 ■  Challenges of Regenerative 
Therapy

• Challenges facing all approaches
 – Identifying the safest and most efficient 

method to access the cochlea
 – Repopulating the cochlea with an adequate 

amount of cells
 – Avoidance of generating hair cells outside 

of the organ of Corti
 – Maintenance of newly generated cells
 – Reestablishment of neuronal circuitry

• Gene-based treatment and 
pharmacotherapies

 – Generation of replacement hair cells 
without significantly compromising the 
supporting cell population

 – Insuring that treatment does not 
compromise the cytoarchitecture of the 
organ of Corti

 – Unregulated cell proliferation carries the 
risk of tumor formation

• Exogenous stem cells
 – Determine the timing of transplantation 

relative to damage for optimal success
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 ■ Introduction
Hearing loss is the most common sensory deficit in 
the elderly.1 Hearing loss can impair communication, 
thus creating loneliness, isolation, dependence, frus-
tration, and even communication disorders.1 When 
left untreated, hearing loss can substantially impair 
quality of life. Audiological rehabilitation, auditory 
rehabilitation, and aural rehabilitation are often used 
interchangeably to describe a patient’s management 
process designed for individuals who experience 
deficits in communication, as reported by Wein-
stein.2 Functional capabilities must be assessed on 
an individual basis due to wide variations in char-
acterizing elderly adults. Chronological age is not a 
reliable predictor of physical, social, or mental sta-
tus; therefore, it is important to understand how 
individuals view themselves. The impact of hearing 
loss varies by the degree of loss and the individual’s 
personality and activity level. The effects of hearing 
loss cannot be restricted to pathology alone because 
the mechanics of the ear cannot be isolated from the 
social aspects of hearing. The personality effects of 
hearing loss are largely dependent on an individual’s 
character, including mental, spiritual, societal, and 
economic resources. These components determine 
one’s reaction to hearing loss and the level of handi-
cap it generates. Rehabilitation in the elderly must 
include a comprehensive approach to assessment 
and a multidimensional intervention. The purpose 
of rehabilitation with older adults, regardless of the 
severity or type of impairment, is to assist in recov-
ering lost physical, psychological, and social skills.

The entire auditory system undergoes consider-
able change as the aging process progresses. Specific 
conditions may affect the type of aural rehabilitation 
to provide. For example, older adults develop changes 
of the outer ear and external auditory canal due to 
thinning of the epithelium, atrophy of subcutaneous 
tissue, and decline in secretory abilities of the glands. 
Hence certain types of hearing aids or audiological 
testing may not be appropriate due to changes in the 

ear structure. Although outer and middle ear pathol-
ogies are monitored under the care of a physician, 
the audiologist should be aware of any such issues. 
It is important to consider age-related changes in the 
brain when determining auditory rehabilitation in 
the elderly population. Aging is associated with pro-
gressive losses in function across multiple systems, 
including sensation, cognition, memory control, and 
affect. Age-related modifications in the central ner-
vous system are associated with declines in the abil-
ity to perform selected cognitive and sensorimotor 
tasks; decreased functional capacity; and alterations 
in gait control, learning, and memory.3 These deficits 
may affect the patient’s ability to respond to aural 
rehabilitation strategies.

Hearing loss may be severe in older persons, 
whether from causes associated with aging or owing 
to other etiologies. More severe-to-profound losses 
may be associated with a change in personality and 
lifestyle due to the challenges that listening pres-
ents. Elderly individuals with hearing loss also find 
listening in the presence of multiple speakers or 
background noise especially difficult because their 
ability to detect signals in noise diminishes with age. 
All too often, the elderly person begins to believe 
that the inability to hear and understand a conversa-
tion is due to deterioration of the brain (intellectual 
impairment). Family, friends, and stereotypes of the 
elderly population may reinforce this belief. People 
may ignore the hearing-impaired person in group 
conversations and assume that the person does not 
know what is going on. Stereotypes of aging, such 
as physical and mental slowing, further undermine 
the elderly person’s weakened self-confidence and 
hasten his or her withdrawal from society. The isola-
tion caused by hearing loss can contribute to delay 
in elderly individuals’ seeking medical attention to 
address their hearing handicap.

There is a significant relationship between hear-
ing and speech. The ear is sensitive to a certain fre-
quency range, and speech falls within that range. 
Speech can be divided into two types of sounds: 

8
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amplification. Typically, high-frequency sensori-
neural hearing loss is attributed to presbycusis—
age-related hearing loss that is associated with the 
cochlear degenerative process of aging. Humes et al 
reported that the hearing loss of older adults is great-
est in the frequency region (≥ 2,000 Hz) for which the 
amplitude of speech is the lowest.6

Beyond presbycusis, there are also medical causes 
of hearing loss, including infection, autoimmune dis-
ease, medication effects, and many other conditions. 
These causes should always be evaluated by a physi-
cian, and medical causes of hearing impairment gen-
erally should be treated in conjunction with auditory 
rehabilitation and amplification for every patient. A 
patient being considered for a hearing aid should 
undergo otologic evaluation first.

 ■ Hearing Aid Considerations
Hearing aids, assistive listening devices, and implant-
able devices may be helpful for older adults with 
hearing loss and communication issues. A hearing 
aid is a portable personal amplifying system used to 
compensate for a loss of hearing. Almost all hearing-
impaired patients are candidates for a hearing aid, 
although some will receive greater benefits from 
their aids than others. Any patient who is motivated 
to use a hearing aid deserves a thorough evalua-
tion and a trial with an appropriate instrument. 
Assistive listening devices include amplified tele-
phones, television amplifiers, and other such tools 
that can increase signal intensity for the listener. 
Implantable devices can include bone-anchored 
hearing aids, cochlear implants, and the auditory 
brainstem implant. Hearing aids are appropriate for 
the vast majority of patients, and this chapter does 
not address cochlear implants or auditory brainstem 
implants.

According to Kochkin, the average age of new 
hearing aid users is 71.1 years.7 Of the 34 million peo-
ple with hearing loss in the United States, only 25% 
use hearing instruments, which suggests that over 
25 million people are living with untreated/unaided 
hearing loss.8 Despite recent advances in hearing aid 
technology and miniaturization of hearing aids, neg-
ative attitudes persist. Before fitting a hearing aid in 
an older adult, various factors must be considered, 
such as communication, physical, psychological, and 
sociological factors. Some of the issues older adults 
face when considering use of hearing aids include 
the following:

1. Experience with hearing aids
2. Financial considerations
3. Attitudes toward hearing aids
4. Degree of hearing loss
5. Lack of need

vowels and consonants. Roughly, vowels fall into the 
frequencies below 1,500 Hz, and consonants above 
1,500 Hz. Vowels are relatively powerful sounds, 
whereas consonants are weaker sounds and are 
dropped often in everyday speech or not pronounced 
clearly. In essence, low-frequency speech sounds 
provide the listener with a sense of volume, whereas 
higher-frequency speech sounds provide meaning 
and clarity. Most commonly, older adults experience 
a hearing loss configuration that reflects compara-
tively good low-frequency hearing and poorer high-
frequency hearing. High-frequency sensorineural 
hearing loss often causes deterioration of a person’s 
ability to understand speech. Speech recognition 
ability can be correlated with the aging process.4 In 
some cases, diminished speech understanding is 
due to peripheral hearing loss. This type of loss typi-
cally presents with the ability to hear speech but not 
understand it. A second cause of trouble understand-
ing speech is central auditory processing issues, such 
that age-related changes or other changes in the 
auditory pathways of the brainstem or portions of 
the auditory cortex degrade the speech signal.5 Indi-
viduals with hearing loss may ask people to speak 
louder in an attempt to achieve better speech clar-
ity. Unfortunately, “louder” is not always the answer. 
Loudness may actually reduce discrimination abil-
ity due to distortion of the speech signal. Distortion 
occurs more frequently in people with high-fre-
quency hearing losses because overall loudness also 
amplifies the low-frequency sounds, such as vowels, 
which they usually hear at a normal or close to nor-
mal volume. Speaking in a louder voice creates over-
powering vowels with relatively weaker consonants 
and does not improve the clarity of speech. These 
factors must be assessed and are critical to proper 
hearing aid selection.

Before a hearing aid is recommended, it is neces-
sary to determine whether the patient will be helped 
by it enough to justify purchasing one. Hearing aids 
are generally not covered by Medicare; however, 
Medicaid or private insurance plans may cover the 
cost of hearing aids in whole or in part. Regard-
less of insurance type, patients must be offered the 
same services, the cost of the services must be equi-
table, and national procedure codes must be used 
for requesting reimbursement. It is important to 
assist the elderly patient in figuring out what his or 
her specific insurance will cover, if anything, before 
proceeding with purchasing hearing aids. For those 
patients that have served in the military, it is advis-
able to obtain amplification through the Veteran’s 
Administration because hearing aids and other assis-
tive devices are fully covered through veteran’s ben-
efits. Both economic factors and individual hearing 
loss should be taken into account. This is particularly 
important in a sensorineural impairment in which 
the problem is more one of discrimination than of 
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patient must be encouraged to associate with friends 
and not become isolated because of difficulties in 
communication. It must be impressed on individuals 
that using residual hearing effectively allows them 
to enjoy life and interact as usual with only minor 
modifications. Use of questionnaires can be very 
helpful during the prefitting assessment. The Hear-
ing Handicap Inventory for the Elderly Screening 
Version described by Weinstein (HHIE-S) is a good 
tool for determining patients’ perception of their 
hearing loss.2 The HHIE-S is a 10-item questionnaire 
developed to assess how an individual perceives the 
social and emotional effects of hearing loss. A higher 
HHIE-S score suggests a greater handicapping effect 
of a hearing impairment.2 The information obtained 
from this questionnaire can help the audiologist tai-
lor counseling and intervention strategies.

As discussed previously, speech discrimination 
problems experienced by older adults often have 
a central auditory or cognitive basis. Because this 
issue has been identified, part of amplification can-
didate selection should include a test battery that 
at least screens for central auditory processing dis-
order (CAPD). A relationship between sensorineural 
hearing loss and cognitive impairment has also been 
identified.9 It can be difficult to separate cognitive 
and central auditory effects from peripheral effects 
in the elderly. Recent data suggest that central audi-
tory dysfunction may be an early manifestation of 
more general cognitive impairment and therefore 
may be a contributing factor to poor performance of 
older adults.10

 ■ Physical Factors
In the elderly, vision status, manual dexterity, ear/
ear canal variables, and overall health status should 
affect the hearing aid decision process.2 Vision prob-
lems may dictate the choice of hearing aid design, 
style, and type of signal processing. Otologic issues 
such as excessive wax buildup, active infections, 
stenosis of the external auditory canal, or unusual 
growths (such as exostoses) can inhibit the inser-
tion of a hearing aid or limit the effectiveness of a 
specific style of hearing aid. Patients with a tendency 
to accumulate excess earwax should be acquainted 
with options for controlling earwax so that it doesn’t 
affect hearing aid performance. Wax buildup inside 
of a hearing aid can impair the overall sound quality. 
Acute middle ear problems such as active infection 
or effusion can also contraindicate hearing aid use 
until the problem is resolved. Acute otitis externa 
will prevent use of a hearing aid until the infection is 
cleared as determined by their physician. In all cases 
of suspected medical pathology, patients should be 
urged to seek medical intervention.

6. Visual/manual dexterity issues
7. Recommendations from professionals
8. Recommendations from family and friends
9. Stigma

10. Trust
11. Lack of knowledge.
The audiologist is responsible for informing 

patients fully about the entire process and provid-
ing realistic expectations, counseling, and support 
before fitting a hearing aid.

 ■ Prefitting Assessment
The audiologist must administer tests to determine 
whether a hearing loss is present and, if so, the 
nature of the hearing loss. Threshold measures used 
in conjunction with otoscopy and immittance test-
ing can help determine the need for medical or sur-
gical remediation. If a condition requires immediate 
medical attention, the patient should be referred to 
the appropriate medical professional. Regardless of 
any degree or nature of impairment, medical clear-
ance for hearing aids from a physician should always 
be obtained. If no medically treatable condition is 
present, the severity of hearing impairment, symme-
try, configuration, type of hearing loss, and speech 
perception should be documented. Once medi-
cal contraindications are ruled out and the patient 
is determined to be a candidate for amplification, 
the audiologist must discuss thoroughly the nature 
of the hearing loss, its consequences, and realistic 
expectations, and must evaluate personal factors and 
the patient’s motivational level to use amplification.2

The patient should be given a clear explanation of 
the hearing problem and why he or she has trouble 
hearing or understanding speech. Patients should 
understand the difference between hearing difficulty 
and understanding difficulty, and how amplification 
affects both. The problems that might easily lead the 
patient to develop frustration and behavioral changes 
should be explained clearly so that these problems 
can be met forthrightly and intelligently. The goal of 
aural rehabilitation is to prevent or mitigate psycho-
social changes and quality-of-life impairments that 
may result from hearing loss.

Psychological adjustment for each patient in-
volves giving the patient more penetrating insight 
into the “personality problems” that are already in 
evidence or likely to develop as a result of hearing 
loss. Therapy should not use a predetermined tech-
nique but must be designed to meet the needs of the 
specific hearing-impaired individual. Frequently, it is 
advisable to implement aural rehabilitation not only 
with the patient, but also with the patient’s spouse 
or family because it is impossible to separate a per-
son’s individual problems from family problems. The 
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 ■  Hearing Aid Arrangement: 
Monaural versus Binaural

In the case of bilateral hearing loss, choosing to 
invest in one versus two hearing aids is a decision 
that must be considered thoroughly. In general, 
binaural amplification is associated with increased 
speech understanding, improved directional hear-
ing, improved spatial organization, and signal redun-
dancy.13 Although many audiologists would consider 
binaural amplification to be the preferable option 
in the case of bilateral hearing loss, there is variable 
evidence regarding success in monaural versus bin-
aural hearing aid fittings.12

It is accepted generally that a binaural fitting will 
provide the greatest localization and speech percep-
tion in both quiet and noise. Most studies indicate 
that binaural fittings help improve binaural squelch, 
head shadow effects, and binaural redundancy.14 
Binaural amplification can also prevent auditory 
deprivation, a phenomenon described as a decrease 
over time in auditory performance associated with 
the reduced availability of acoustic information.11

In the case of elderly patients, however, this 
approach may not always be optimal. Contrary to 
these findings, other studies have suggested that 
binaural fittings can actually be more detrimental to 
the elderly user. In some cases, auditory processing 
disorders can present with binaural interference, 
making binaural speech perception worse than best-
ear abilities.15 Additionally, it has been found that 
elderly individuals often exhibit reduced speech 
intelligibility when aided binaurally as opposed to 
monaurally. This is referred to as the Binaural Inter-
ference Effect. Unless it is determined during the 
evaluation that the patient exhibits binaural inter-
ference, a binaural fitting should still be considered 
because the majority of patients will benefit from 
binaural amplification. Subjective reports or dichotic 
listening tasks are more helpful in determining this 
than typical audiometric speech tests, which have 
limited diagnostic value. It may take 6–12 weeks for 
an older adult to acclimate to binaural amplification, 
especially if one ear has been unaided for a lengthy 
period of time.2

Cox et al found that specific hearing loss pa-
rameters (severity, configuration) were not pre-
dictors of a monaural versus binaural preference.16 
The investigators found that patients who pre-
ferred a monaural fit attributed this to comfort 
and quality. Patients who preferred a binaural 
fit attributed this to restoration of balance, clar-
ity of sounds, and comfort. Nearly all hearing aid 
manufacturers and audiologists implement a trial 
period for hearing aids, allowing flexibility for the 
patient and audiologist to determine the fitting 
arrangement that provides the greatest benefit. 
Audiologists and otologists should remain alert for 

Today’s digital hearing aids are considerably 
smaller than the older technology. Smaller hearing 
aids can pose a challenge for many older adults who 
may suffer from poor vision, reduced manual dex-
terity, diminished tactile sensitivity, or reduced fine 
motor coordination.2 Most state-of-the-art hearing 
aids are digital and adapt their settings automati-
cally for best listening in various environments. This 
feature can be useful, especially for patients with 
dexterity issues, because it bypasses the need for 
manual hearing aid control. Additionally, the adap-
tive feature can make hearing aids more serviceable 
for patients with cognitive or memory issues. When 
selecting a hearing aid, assessment of these factors 
may be helpful. For example, those elderly patients 
that may experience reduced mobility, tactile sensi-
tivity, and tremors may have exceptional difficulty 
changing the small hearing aid batteries; batteries 
generally need to be changed on a weekly basis. If 
batteries are left unchanged, the hearing aid itself is 
no longer of any use and will likely sit in the ear as an 
earplug rather than an assistive device. Additionally, 
visual issues that occur in the elderly population can 
further create a barrier in proper care for amplifica-
tion devices. It is crucial to give a family member or 
caregiver the responsibility of caring for the device 
in terms of changing the batteries as well as general 
cleaning. Manual dexterity can be measured using 
the Nine-Hole Pegboard Test, which is designed to 
evaluate fine-motor coordination and finger dexter-
ity.2 Visual-motor coordination and touch recogni-
tion may affect successful use of amplification and 
should also be evaluated.

 ■ Acclimatization
The concept of acclimatization must be discussed 
and addressed with the patient as part of the coun-
seling. It is critical to allow ample time for auditory 
and cognitive acclimatization to hearing aids, espe-
cially in the case of overall auditory deprivation, or 
switching from a monaural to binaural array. Arlinger 
et al reported that acclimatization to hearing aids is 
associated with improvement in auditory perfor-
mance over time, and acclimatization usually results 
in a 3 to 5% improvement in speech recognition abil-
ity.11 Factors impacting acclimatization include time 
course, age of patient, degree/configuration of hear-
ing loss, previous experience, training effects, and 
the amount of audibility that it restores. Specifically, 
results have shown a significant acclimatization 
effect in a group of elderly individuals that were fit-
ted monaurally with a linear algorithm.12 Although 
linear processing is less common in today’s hearing 
aid fittings, this further brings up the question of 
whether a monaural fitting is more appropriate in 
the elderly population.
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Body-Worn Hearing Aid

Given today’s microtechnology, the body aid is no 
longer dispensed. The body aid is a large, high-pow-
ered instrument worn on the body and connected to 
the ear via an earmold. Body aids offer a wide range 
of amplification and are often used by patients with 
severe to profound hearing impairment (Fig. 8.1). 
The microphone, amplifier, and battery are located 
in the case, which is worn on the body or carried in a 
pocket. The receiver is connected to the amplifiers by 
a long wire and is attached directly to the earmold—a 
custom earpiece designed to collect sound into the 
ear. This separation of receiver and microphone helps 
eliminate acoustical feedback in high-amplification 
instruments. Body aids can be fit to losses of 40 to 
110 dBHL. Given that newer technology can also fit 
a wide range of hearing losses, body aids are now 
obsolete. Additionally, newer technology contains 
numerous digital feedback suppression algorithms, 
eliminating the issue of feedback for patients with 
significant amplification needs.

Behind-the-Ear (BTE)

Behind-the-ear (BTE) hearing aids are currently the 
best choice for severe to profound hearing losses. All 
of the necessary components of the amplifying sys-
tem, including the battery, are held in a single case 
that sits behind the ear. The amplified sound is then 
fed to the ear via a plastic tube attached to a cus-
tom ear mold. This design provides adequate separa-
tion of microphone and receiver to reduce acoustical 
feedback, which can be common in severe losses. 
These hearing aids can be adapted for mild to pro-
found losses, making them very flexible.

In-the-Ear (ITE)

Previously, in-the-ear (ITE) hearing aids (Fig. 8.2a) 
were the most widely dispensed. In these types of 
instruments, the entire hearing aid system is actually 
housed inside the earmold shell. The aids can help in 
various cases of hearing loss, typically anywhere in 
the range from 25 to 80 dBHL. Additionally, various 
modifications can be made to accommodate differ-
ent degrees and configurations of hearing loss. There 
are several styles of ITE instruments available: full-
shell (Fig. 8.2a); half-shell (Fig. 8.2b); in-the-canal 
(ITC) (Fig. 8.2c); and completely-in-the-canal (CIC) 
(Fig. 8.2b), listed from largest to smallest, respec-
tively. One drawback of the smaller ITE styles is that 
they cannot adequately provide as much amplifica-
tion as the larger shells, making them inappropriate 
for more severe hearing loss. Generally, the larger 
the device, the larger the fitting range. For those 
with dexterity and cognitive issues, a larger ITE style 

binaural interference in older patients and should 
not hesitate to recommend removal of one hearing 
aid if binaural amplification does not provide the 
expected result.

 ■ Hearing Aid Technology
Old hearing aid technology did very little to improve 
a person’s ability to understand but improved the 
ability to hear by making sounds louder. Recent 
hearing aid technology targets sensorineural losses 
with poorer discrimination, improving the amount 
of benefit individuals can receive from a hearing aid, 
although not necessarily truly improving discrimi-
nation ability. In addition to advances in technology, 
there is also a lot of flexibility regarding discretion. 
Many companies offer multiple color options so that 
the patient can choose if they want their hearing aid 
to match the tone of their skin or hair. Modern tech-
nology and color options have made hearing aids 
more appealing.

One of the most important things that a hearing 
aid does for people with hearing loss is it permits the 
individual to hear sounds with greater ease, reducing 
the strain of listening. Although the individual may 
not necessarily be able to understand more with an 
aid than without one, the device may relieve tension, 
fatigue, and some of the complications of a hearing 
impairment.

Over-the-Counter Hearing Aids

Amplification systems are often available over the 
counter at a considerably reduced price in compari-
son to those dispensed by a licensed professional. 
Although these may seem appealing due to their 
reduced cost and accessibility, these devices should 
be used with caution. This option may be beneficial 
for a select number of elderly patients that present 
with a relatively flat hearing loss and require only 
some additional gain for speech clarity. In this case, 
an over-the-counter amplification system may pro-
vide the needed benefit at a lower cost. Although a 
basic amplifier may work for a small percentage of 
elderly patients, they often do not take into account 
individual frequency and gain requirements and 
will often produce more distortion and discomfort 
rather than offering any noticeable benefit. Patients 
in these cases may end up wearing a device that 
is inappropriate for their audiological needs. For 
some, the poor performance experienced from these 
devices may deter them from trying other amplifica-
tion altogether. Another unfortunate outcome may 
be that the patient often spends unnecessary costs 
before deciding to purchase devices from a licensed 
professional.



Geriatric Otolaryngology82

and ability to minimize occlusion. Minimizing occlu-
sion creates a more natural sound quality for the 
patient. The devices also fit hearing losses from mild 
to severe. The popularity of these open-fit devices 
is attributable largely to feedback suppression sys-
tems.17 Given the small size of these instruments, 
elderly patients with dexterity issues may have dif-
ficulty manipulating these devices, particularly with 
inserting and removing the aids.

Lyric

The Lyric (Phonak, Zurich, Switzerland) (Fig. 8.4) is a 
continuous-wear hearing aid designed for moderate 
to severe hearing loss. A specially trained audiologist 
or otologist inserts the device completely in the ear 
canal only 3 or 4 mm from the eardrum. The patient 
rarely touches the device, and it can remain in the ear 
for up to 4 months at a time because it is not affected 
by contact with water. Users can turn the device on 
and off and raise the volume using an external magnet. 
One advantage of this device is lack of handling and 
changing of batteries, which can be particularly help-
ful for those with both cognitive and dexterity issues. 
However, the device is more suited for those with mild 
hearing losses and is susceptible to damage due to wax 
or moisture given its deep insertion in the ear canal.

 ■ Hearing Aid Orientation
After the device has been fitted, the audiologist 
should educate the patient as to the hearing aid 
parts, and if possible, the patient’s frequent com-

is often preferable for ease of insertion and manipu-
lation. Also, the batteries tend to be larger in larger 
devices, therefore maintenance of batteries is easier, 
and battery life may be longer.

Receiver-in-Canal (RIC) Hearing Aids

Receiver-in-canal (RIC) hearing aids (Fig. 8.2d;  
Fig. 8.3) are a newer style that looks very similar to 
open fit or slim tube BTE hearing aids. The difference 
is that the hearing aid’s speaker is housed inside the 
ear canal. The hearing aid speaker’s proximity to the 
tympanic membrane offers a sharper sound quality. 
Additionally, the small device that is seated behind 
the ear makes the device more appealing cosmeti-
cally as opposed to other styles. RIC hearing aids are 
popular due to their small size, discrete appearance, 

Fig. 8.1 Example of a typical body-worn hearing aid device.

a b c d

Fig. 8.2 (a) Custom full-shell in-the-ear (ITE) hearing aids; smaller models are typically called half-shell (HS) or in-the-canal (ITC) 
hearing aids. (b) Custom completely in the canal (CIC) hearing aids. (c) Behind-the-ear (BTE) hearing aids; these devices are coupled 
with custom earmolds. (d) An example of receiver-in-the-canal (RIC) hearing aids; also may be referred to as micro BTE hearing aids. 
(Republished from Phonak; with permission.)
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 ■ Postfitting Process
Following the initial fitting, the patient should return 
for a postfitting appointment to ensure that the hear-
ing aids have been used correctly. It is possible that 
the clinician may have to review the same procedures 
that were discussed in the fitting appointment. Post-
fitting questionnaires can help to determine ben-
efit from the patient’s perspective. If the patient is 
unsatisfied with the hearing aids at this point, the 
audiologist should determine why. There are many 
adjustments that can be made to the hearing aid cir-
cuitry. The audiologist should be prepared to counsel 
the patient and family as needed; modify the aids, 
change the number of aids worn, repeat counseling, 
and apply any intervention strategy needed to help 
elderly patients use hearing aids successfully.

 ■ Summary
Selecting amplification for any patient requires care-
ful individualized consideration of numerous objec-
tive factors. These considerations become especially 
crucial when fitting the elderly population. Sensory 
deficits as well as issues with cognition, memory, 
and motor factors require extra care on both the part 
of the audiologist as well as the family or caregivers 
throughout the entire fitting process and thereafter. 
Counseling in particular becomes especially impor-
tant, because there are various psychological effects 
due to hearing loss involved in addition to the hear-
ing deficit itself. An individualized aural rehabilita-
tion plan must be created to ensure that all needs of 
each individual are met.

munication partners should be oriented, as well. 
Patients require an understanding of the hearing 
aid features, overall use (including, but not limited 
to insertion, removal, program button, volume con-
trol), and general maintenance and care. Cognition, 
memory, and physical factors should be kept in 
mind when orienting an elderly person to a hearing 
aid. The older patient may require more and differ-
ent reinforcement. The clinician should speak at a 
slow rate to ensure adequate speech understanding; 
however, it is advised that the clinician not adopt an 
exaggerated tone, because this can be misconstrued 
as condescending.

Smith and West discussed the importance of pos-
itive reinforcement when working with elderly hear-
ing aid patients.18 They also stressed emphasizing 
self-efficacy, even if it means presenting information 
in a very simple manner. The audiologist should be 
prepared with vision-enhancing aids such as a mag-
nifying glass to ensure that the patient can see small 
components of the hearing aid. It can also be help-
ful to point out tactile landmarks such as the catch 
on the battery door. Sufficient time should be spent 
ensuring that the patient can insert/remove the 
hearing aids, change the batteries, and perform basic 
maintenance. Realistic expectations and a wearing 
schedule should be reviewed with the patient at this 
appointment as well.

Fig. 8.3 Examples of various earmolds used to couple with 
behind-the-ear (BTE) or receiver-in-the-canal (RIC) hearing 
instruments. Size and style vary depending on individual fac-
tors such as degree of hearing loss and ear canal anatomy. 
(Republished from Siemens Hearing USA; with permission.)

Fig. 8.4 An example of the only extended-wear hearing 
aid available, known as the Lyric (Phonak). (Republished from 
Phonak; with permission.)



Geriatric Otolaryngology84

10. Gates GA, Feeney MP, Mills D. Cross-sectional age-changes of 
hearing in the elderly. Ear Hear 2008;29(6):865–874

11. Arlinger S, Gatehouse S, Bentler RA, et al. Report of the Er-
iksholm Workshop on auditory deprivation and acclimatiza-
tion. Ear Hear 1996;17(3, Suppl):87S–98S

12. Cox RM, Alexander GC, Johnson J, Rivera I. Cochlear dead re-
gions in typical hearing aid candidates: prevalence and impli-
cations for use of high-frequency speech cues. Ear Hear 2011; 
32(3):339–348

13. Ahlstrom JB, Horwitz AR, Dubno JR. Spatial benefit of bilateral 
hearing AIDS. Ear Hear 2009;30(2):203–218

14. Holmes AE. Bilateral amplification for the elderly: are two aids 
better than one? Int J Audiol 2003;42(Suppl 2):S63–S67

15. Jerger J, Silman S, Lew HL, Chmiel R. Case studies in binau-
ral interference: converging evidence from behavioral and 
electrophysiologic measures. J Am Acad Audiol 1993;4(2): 
122–131

16. Cox RM, Schwartz KS, Noe CM, Alexander GC. Preference 
for one or two hearing AIDS among adult patients. Ear Hear 
2011;32(2):181–197

17. Ricketts T, Mueller G. Today’s hearing aid features: Fluff or 
true hearing aid benefit? Paper presented at Audiology NOW, 
23rd Annual Convention of the American Academy of Audiol-
ogy; Chicago, IL; April 6-9, 2011

18. Smith SL, West RL. The application of self-efficacy prin-
ciples to audiologic rehabilitation: a tutorial. Am J Audiol 
2006;15(1):46–56

 ■ References
 1. Ciorba A, Bianchini C, Pelucchi S, Pastore A. The impact of 

hearing loss on the quality of life of elderly adults. Clin Interv 
Aging 2012;7:159–163

 2. Weinstein B. Geriatric Audiology. 2nd ed. New York, NY: 
Thieme; 2013

 3. Wong TP. Aging of the cerebral cortex. McGill J Med 2002; 
6:104–113

 4. Erber NP. Use of hearing aids by older people: influence of 
non-auditory factors (vision, manual dexterity). Int J Audiol 
2003;42(Suppl 2):S21–S25

 5. George ELJ, Zekveld AA, Kramer SE, Goverts ST, Festen JM, 
Houtgast T. Auditory and nonauditory factors affecting 
speech reception in noise by older listeners. J Acoust Soc Am 
2007;121(4):2362–2375

 6. Humes LE, Burk MH, Strauser LE, Kinney DL. Development 
and efficacy of a frequent-word auditory training protocol 
for older adults with impaired hearing. Ear Hear 2009;30(5): 
613–627

 7. Kochkin S. MarkeTrak VIII: The key influencing factors in hear-
ing aid purchase intent. Hearing Review 2012;19(3):12–25

 8. Kochkin S. MarkeTrak VIII: 25 year trends in the hearing 
health market. The Hearing Review 2009;16(11):12–31

 9. Lin FR. Hearing loss and cognition among older adults in the 
United States. J Gerontol A Biol Sci Med Sci 2011;66(10): 
1131–1136



85

Cochlear Implantation in the Elderly
Daniel H. Coelho and Brian J. McKinnon

 ■ Introduction
Cochlear implantation (CI) has become a well-estab-
lished means of addressing severe to profound sen-
sorineural hearing loss in children and adults who 
cannot benefit from conventional amplification. It is 
understood to be both clinically effective and cost-
effective,1–3 and it is estimated that over 324,200 
patients have received this medical device.4 Never-
theless, although there is evidence supporting the 
benefits of CI in the general population, concern 
remains that there is insufficient evidence to support 
geriatric CI as appropriate, safe, effective, and cost-
effective.5 This chapter provides a broad description 
of the clinical challenges associated with CI and the 
potential benefits to recipients.

 ■ Epidemiology
Hearing loss is one of the most common disabilities 
in the elderly, the fastest-growing segment of our 
population. The U.S. population aged 65 and older 
will grow from 40.2 million in 2010 (13.5% of the 
population) to 88.5 million in 2050 (20.5%). One fifth 
of this 20% will be 85 and older. Studies based on the 
National Health and Nutrition Examination Survey 
(NHANES) show that an increasing proportion of the 
population has age-related hearing loss, reaching 
over 80% of those over 85 years of age.6 For up to 10% 
of older patients with hearing loss, the impairment 
is so severe that conventional amplification devices 
fail to provide significant benefit.7 Beyond speech 
perception, inability to communicate significantly 
impacts quality of life and overall well-being and 
is associated with cognitive impairment, dementia, 
personality changes, depression, and reduced func-
tional status.8,9

Fortunately, as with younger patients, CI has 
proven to be an extremely effective intervention 
for older patients and is widely gaining in popular-

ity. Several factors have contributed to the rapid 
increase in the number of elderly CI recipients. Chief 
among them is the growth in the overall population 
over the age of 65, increasing the absolute number 
of eligible recipients. In addition, not only does the 
incidence of hearing loss increases with age, but 
those with hearing loss will experience worsening 
of their hearing over time. The prevalence of hear-
ing loss nearly doubles with every decade of age.6 
These factors, combined with a small but significant 
increase in awareness of this technology, have led to 
more patients opting for CI than ever before. Of all 
patients receiving CI, the over-65 age cohort is the 
fastest-growing segment, with the biggest growth in 
the over-80 subgroup.6

Despite the many elderly patients who have ben-
efited from this life-changing technology, the rate of 
CI use in older adults who meet candidacy criteria is 
less than 5%.6 Numerous myths and barriers exist—
beliefs widely held by both the public and the medi-
cal communities. Among them are the perception 
that CI is exclusively for congenital hearing loss or 
children, CI is an untested/experimental technology, 
outcomes are poor for older adults, CI is not covered 
by insurance, the surgery poses an unacceptably high 
risk, or the device is too complicated to use, among 
others. Referral patterns likewise contribute to the 
bottleneck of access to CI. Few primary care provid-
ers screen for hearing loss at a new patient visit, with 
even fewer addressing hearing at follow-up visits.10 
In addition, some audiologists and otolaryngologists 
may have well intentioned though misplaced faith in 
conventional hearing aids, irrespective of a potential 
financial disincentive to refer.

 ■ Preoperative Considerations
Once an elderly patient has been identified audio-
logically as a candidate for CI, the process does not 
differ greatly from that for younger candidates. A 
thorough history must be obtained, with particular 

9
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surprising: unlike other, nonelective surgeries that 
elderly patients frequently must undergo, CI usually 
requires only 1 to 2 hours to perform with ~ 1.5 to 2.5 
hours of general anesthesia. Furthermore, the small 
incision and minimal blood loss do not result in sig-
nificant hematologic or fluid imbalance.

Other studies have agreed that age alone is not 
an independent risk factor in geriatric populations, 
particularly in the nonemergent or outpatient proce-
dures in geriatric populations. Lau and Brooks dem-
onstrated that age itself is not a reliable predictor of 
unanticipated hospital admission after laparoscopic 
cholecystectomy.15 In comparing age and ASA sta-
tus, Trus and colleagues and Matin and colleagues 
independently found no increased risk contribution 
from age in patients older than 65 years who under-
went laparoscopic reflux and urological surgery, 
respectively.16,17

Although “best anesthetic” technique has yet 
to be defined in patients with cardiovascular dis-
ease, hemodynamic stability and speed of recovery 
are impacted by choice of anesthesia. Kirkbride et 
al showed improved intraoperative blood pressure 
maintenance in older outpatients induced with the 
high-dose inhalation agent sevoflurane compared 
with those randomly assigned for intravenous propo-
fol induction.18 In addition to myocardial depressant 
effects of anesthetic agents, atelectasis associated 
with mechanical ventilation, and volume loading 
due to intravenous fluid administration contribute to 
cardiac and pulmonary complications, including con-
gestive heart failure, hemodynamic instability, and 
pulmonary insufficiency. Cardiopulmonary compli-
cations can be reduced by minimizing intraoperative 
fluid administration and the duration and amount of 
anesthesia used. Elderly patients require up to 30% 
less minimum alveolar concentration of inhalational 
anesthetic compared with young adults.19 The use of 
bispectral index (BIS) monitors may aid in the titra-
tion of anesthetic and improve early recovery.20

 ■ Postoperative Considerations
Surgical complications associated with CI are not 
increased in the elderly. Specifically, the older patient 
does not have a higher incidence of flap necro-
sis, improper electrode placement, infection, facial 
nerve stimulation or injury, or cerebrospinal fluid 
(CSF) leakage. In addition, no perioperative deaths 
have been reported.14,21,22 Significant postoperative 
pain or nausea is rarely encountered, and patients 
frequently return to their normal routine within 
days. In fact, nausea and vomiting are less common 
in older than in younger adults.23

Postoperative urinary retention has been reported 
in patients with and without benign prostatic hyper-

attention given to duration of hearing loss, especially 
severe-to-profound hearing loss. As with younger 
patients, speech performance outcomes are closely 
related to deafness duration and are critical in coun-
seling patients and their family on reasonable expec-
tations. Cognitive evaluations, although not common 
practice, can help guide assessment and counseling 
when appropriate.11 Likewise, insofar as varying eti-
ologies may have a higher risk of labyrinthine ossifi-
cation (postmeningitic, posttraumatic, ototoxic, etc.), 
this, too, may influence both preoperative imaging 
choice and expected performance outcomes. Speech 
performance and expectations must be managed 
accordingly if traumatic or incomplete implantation 
is a possibility.

Careful attention must be paid to medical comor-
bidities. Although age itself is not a known risk fac-
tor for perioperative complications, the likelihood of 
coexisting cardiopulmonary pathology does increase 
with age. Medical optimization and clearance by the 
patient’s primary care provider, cardiologist, pulmo-
nologist, and care providers can be extremely help-
ful in assuring a successful procedure and recovery. 
Many older patients may be on aspirin, clopidogrel, 
warfarin, or other anticoagulative therapy. Collabo-
rating with the prescribing physician can help to 
bridge the perioperative period, leading to a timely 
transition back to therapeutic anticoagulation.

 ■ Intraoperative Considerations
There is a pervasive, but erroneous, perception 
among both health care professionals and consumers 
that age is a significant risk factor for general anes-
thesia and for anesthetic and surgical complications. 
Current literature suggests that comorbidities and 
the American Society of Anesthesia (ASA) rating of 
physical status are more important than age as prog-
nostic factors for adverse anesthetic outcome. Coex-
isting conditions of advanced age that potentially 
have an impact on the risk of anesthesia include car-
diopulmonary insufficiency, arthritis, hepatorenal 
disease, endocrine dysfunction, nutritional status, 
and pharmacokinetic issues.12

Coelho et al reviewed 70 patients over the age of 
70 undergoing CI and found that general anesthesia is 
well tolerated without significant risk in the majority 
of patients.13 In their review of 50 patients 80 years 
or older, Carlson and colleagues found no higher 
rates of surgical complications when compared with 
younger CI recipients, though they did find a small 
but statistically significant higher risk of cardiovas-
cular complications and hospital admission rate 
for this population.14 Nonetheless, of great import 
to patients and physicians, there was no mortality 
associated with this elective procedure. This is not 
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instruments used to assess the audiological and QOL 
outcomes achieved by geriatric cochlear implant 
recipients, the complexity of which are beyond the 
scope of this chapter. The various measures and 
instruments make comparison of different stud-
ies difficult, and on occasion, impractical. Younger 
adults may have less restrictive candidate criteria, 
and cochlear implant candidate criteria can vary 
from country to country; many audiological and 
QOL outcome tests are specific to language, health 
system, or country. Although most audiological out-
come testing is standardized, not all QOL outcomes 
instruments are, compounding the challenge. Lastly, 
there have been substantial advances in available 
technology over time, with concurrent improvement 
with CI outcomes, further complicating assessment 
of long-term performance, as well as comparison of 
current cochlear implant user outcomes with past 
cochlear implant user outcomes.

However, there are consistent trends being 
identified.26 Geriatric cochlear implant users enjoy 
improved speech perception and have outcomes 
for speech perception in quiet that are comparable 
to younger cochlear implant users. Younger postlin-
gual cochlear implant users do have better speech 
perception in noise than geriatric cochlear implant 
users, which may reflect a longer duration of hear-
ing loss and poorer preoperative speech perception 
in the latter group. Geriatric patients tend to have 
a somewhat slower rate of speech perception gain. 
However, there is evidence of a strong correlation 
between length of daily cochlear implant use and 
speech perception performance. When preoperative 
speech perception was taken into account, age was 
not predictive of postoperative speech perception 
outcome.

Interestingly, unilateral geriatric cochlear implant 
users report a speech perception benefit similar to 
younger unilateral cochlear implant users, but less 
speech perception benefit was reported by bilateral 
geriatric cochlear implant users than by unilateral 
geriatric cochlear implant users or younger bilateral 
cochlear implant users.26 Although many geriatric 
cochlear implant users reported continued chal-
lenges with telephone conversation, and conversa-
tion in noise and groups, larger speech perception 
gains have been seen in those who report increased 
social activity. Speech perception achievements 
appear stable over the long term, and speech percep-
tion may continue to improve.26,27

In aggregate, QOL outcomes of geriatric cochlear 
implant users, like speech perception, mirror those 
of younger cochlear implant users, though validated 
instruments were not used in many studies.26 Greater 
QOL outcomes were seen with greater speech per-
ception scores. Geriatric cochlear implant users 
show greater confidence and participation in social 
settings than they did preoperatively. Physical health 

trophy (BPH). Conversely, many CI patients with 
a history of BPH did not experience postoperative 
urinary retention.13 The type of anesthesia admin-
istered (including analgesia and sedation) may play 
an important role in the development of postopera-
tive urinary retention. Derangements of the sympa-
thetic/parasympathetic balance result in increased 
bladder capacity and decreased rate of bladder 
contraction. Similarly, opioids relax the detrussor 
muscle and increase bladder capacity. Other indirect 
effects of anesthesia contribute to retention, includ-
ing excessive intravenous volume administration, 
sedation leading to decreased awareness of bladder 
filling, and postoperative positioning or situations.24 
Because postoperative urinary retention is a rare 
complication of general anesthesia, the authors do 
not routinely place a Foley catheter.

In reviewing the published literature on surgi-
cal outcomes in elderly CI recipients, no studies 
reported a higher rate of device failure (hard or soft), 
infection, or extrusion. However, certain long-term 
situations unique to the geriatric population must be 
considered. For those implants not secured in a bony 
well or with bony tie-down sutures, the temporalis 
pocket serves as an important barrier to extrusion or 
anterior migration. Great care must be taken to avoid 
tearing the temporalis periosteum or creating an 
overly large subperiosteal pocket—both of which are 
more likely in the elderly population—and can result 
in postoperative migration of the receiver-stimula-
tor. In addition, as patients age, and certainly during 
periods of poor health, lean body mass decreases.25 
Therefore, the external coil magnet may become too 
strong, resulting in inadvertent pressure necrosis. 
Close inspection at each programming session can 
help to identify this problem and prevent further 
injury.

 ■  Postoperative Audiological and 
Quality of Life Outcomes

With respect to postoperative rehabilitation, geriat-
ric and younger adult cochlear implant users share 
similarities in terms of time frames between surgery 
and activation, the number of initial and follow-up 
sessions, and program strategies used. There appear 
to be no apparent differences in the factors used to 
guide geriatric and younger adult cochlear implant 
rehabilitation, with speech perception testing being 
the most important. Reported barriers for geriat-
ric cochlear implant users receiving rehabilitation 
include reimbursement for services, limited time for 
rehabilitation services, and transportation.11

An excellent review26 summarizes and details 
current postoperative audiological and quality of 
life (QOL) findings. There are several measures and 
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significantly more restrictive than those put forward 
by the Food and Drug Administration.38 Such selec-
tion biases likely skew the outcomes data, under-
representing the true benefit for older patients with 
moderate-to-severe hearing loss. Taken together, 
the lack of adequate reimbursement and the restric-
tive candidate criteria risk reduced access to CI for 
many geriatric patients who could benefit. Attempts 
to improve levels of reimbursement for cochlear 
implants are being impeded by the trend to control 
health care costs in the context of the current eco-
nomic and political era, and the implementation of 
health care reform legislation, the Patient Protection 
and Affordable Care Act.39

 ■ Conclusion
An important question to consider asks not only 
what the geriatric patient can teach us about CI, but 
also what CI can teach us about the geriatric patient. 
The answers may lie within what is already known 
about CI. Cochlear implants have been studied suf-
ficiently in the geriatric population to conclude that 
geriatric patients with severe-to-profound hearing 
loss achieve substantial and incontrovertible ben-
efit from CI compared with no intervention or con-
ventional hearing aids. In aggregate, many studies 
show that the benefit for older individuals (variably 
defined but generally older than 65) is comparable to 
that for younger matched adult controls.

Although geriatric CI candidates and recipients 
face many hurdles, there is growing evidence to sup-
port geriatric CI as appropriate, safe, effective, and 
cost-effective. Despite the evidence, access to CI and 
cochlear implant services will remain constrained 
due to restrictive candidate criteria and inadequate 
reimbursement. Efforts should be made to resolve 
these impediments so that CI can be made available 
to any geriatric patient likely to benefit from this 
remarkable technology.

and social support QOL scores were, in general, not 
improved. Overall, geriatric cochlear implant users 
and their families reported high levels of satisfaction 
and hearing benefits.

Although there is benefit to taking the data in 
aggregate, as been done here, it is worth taking a 
closer look at a more detailed level before leaving 
this topic. The studies that show subtle but signifi-
cant differences are worthy of closer examination 
because they may provide insight into the physiology 
of normal aging. First, some studies show that per-
formance is in fact slightly worse (but still excellent) 
in older individuals. Second, all geriatric implant-
ees are not the same, and even when controlling for 
duration of deafness, the cohort over age 70 may not 
perform as well as those under age 70.28 Third, the 
learning curve for older individuals may be differ-
ent, taking them years to achieve speech recognition 
levels reached after only 1 year by younger matched 
adults.29 Fourth, speech recognition in background 
noise may be impaired substantially in older individ-
uals—a limitation that, unlike hearing in quiet, does 
not improve with time.30 Fifth, similar to some stud-
ies in children but unlike matched adults, side may 
play a role in outcomes, with right side implantation 
resulting in improved speech perception.31

Economic assessment of efficacy further finds 
that geriatric CI compares favorably with pediatric 
and adult CI, despite shorter life expectancy,32 and 
that rates of long-term use and nonuse compare 
favorably with children and adult recipients.33–35 
Nonetheless, funding and reimbursement issues 
are particularly relevant in this patient population. 
A RAND Corporation–funded study reviewed pay-
ments received for cochlear implants by providers 
and facilities in the United States and found substan-
tial shortfalls in reimbursement.36 With Medicare 
alone, the study determined that on average a hos-
pital faced a $5,000 to $10,000 loss on every Medi-
care patient implanted, making the provision of CI 
to geriatric candidates economically tenuous.37 Addi-
tionally, Medicare uses candidate criteria that are 
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Subjective Idiopathic Tinnitus  
in the Geriatric Population
Paul F. Shea and Brian J. McKinnon

 ■ Introduction
Tinnitus is the perception of sound in the absence of 
an external auditory stimulus; tinnitus can be dis-
tressing and annoying, contributing to disruption of 
sleep, anxiety, and depression. 1 It has been reported 
that 16% of the general population have experienced 
tinnitus to some extent. 1About 25 to 30% of those 
who report tinnitus seek medical help; ~ 2 to 4% of 
all those with tinnitus report being unable to lead a 
normal life because of their tinnitus.1 Nearly a quar-
ter of geriatric patients report tinnitus, a finding 
that has been stable for some time; the rate of dis-
tress and negative impact is higher than in younger 
patients, and the perceived severity increases with 
later onset of tinnitus.2–5

Tinnitus can be separated into two broad catego-
ries, objective and subjective. Objective tinnitus can 
be heard by both the patient and the examiner. It 
is less common than subjective tinnitus and can be 
caused by somatosounds. Subjective tinnitus is per-
ceived only by the patient and may be idiopathic or 
secondary to another disorder. Tinnitus is commonly 
associated with hearing loss, traumatic brain injury, 
ototoxicity, and other conditions.1 When a diagno-
sis can be identified to which the tinnitus may be 
secondary, such as Ménière disease, otitis media, or 
cerumen impaction, treatment of the condition may 
provide improvement in the tinnitus.6,7 A significant 
percentage of tinnitus patients with normal hearing 
have abnormalities of outer hair cell function that 
can be measured by otoacoustic emissions, as well 
as abnormal central activity measured by auditory 
brainstem responses,8,9 and these cases are therefore 
not strictly idiopathic. Thus an effort should be made 
to identify any underlying conditions before making 
the diagnosis of idiopathic tinnitus. This review dis-
cusses subjective idiopathic tinnitus that is bother-
some and that persists for longer than 6 months in 
the geriatric patient.

 ■ Evaluation
The evaluation of the geriatric patient with tinni-
tus does not differ significantly from that of other 
patients with hearing loss or tinnitus. A complete 
otolaryngological history is taken, and a physical 
examination is performed.6,10 In the geriatric patient, 
attention should be paid to family medical history 
(particularly to hearing loss history) past and pres-
ent noise exposure (both recreational and work 
related), use of hearing protection, past and current 
medications, previous surgery, and past hearing aid 
use. It should not be assumed that geriatric patients 
are inactive and free of ongoing noise exposure. A 
history of arthritis, head injury, or smoking is associ-
ated with an increased risk of developing tinnitus.11 
The concurrent complaint of anxiety and insomnia is 
also common in this population.12,13

A challenge in the evaluation of the geriatric tinni-
tus patient is the lack of a generally accepted instru-
ment to document or describe the nature, severity, 
or quality of tinnitus. Visual analog scale scores can 
be used to assess loudness, pitch, and disturbance 
of the tinnitus. Questionnaires such as the Tinnitus 
Handicap Inventory and the Tinnitus Reaction can 
help with grading the tinnitus severity.1,14 The Tinni-
tus Functional Index has the advantage of being able 
both to grade tinnitus severity and to measure effec-
tiveness of tinnitus interventions.1,15

Physical examination should include meticulous 
otoscopy (ideally with magnification), and audio-
logical testing. Auscultation should be performed in 
complaints of pulsatile tinnitus. Audiological test-
ing should not be limited to routine audiometry 
and tympanometry; otoacoustic emission testing 
and auditory brainstem response can help identify 
possible causes, even in those with normal routine 
audiometry.6,8,9 Laboratory tests such as autoim-
mune studies, tests for infectious causes (e.g., Lyme 
disease, syphilis), thyroid studies, hematocrit, blood 
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psychological support, relaxation therapy, cognitive 
behavioral therapy (CBT), sleep management, sound 
enrichment therapy, and habituation therapies.27,28 
These guidelines were not specific to the geriatric 
population and did not provide specific recommen-
dations for assessing therapeutic benefit.28 However, 
the guidelines do suggest a systematic and orderly 
approach to the management of the tinnitus patient. 
Of those therapies recommended by the guidelines, 
educational counseling and CBT appear to hold sig-
nificant promise of benefit.

Progressive audiologic tinnitus management 
(PATM) is a form of educational counseling that is 
individualized to meet the needs of the patient, and 
it is modeled closely after similar programs used 
to manage chronic pain.29 The program shifts the 
responsibility of tinnitus management from the pro-
vider to the patient. This is accomplished by help-
ing patients gain an understanding of what tinnitus 
is, participate in decision making, develop and fol-
low the plan of care, learn to manage the impact 
of the tinnitus on their daily life, and monitor their 
own progress. The plan of care may be modified as 
needed. Although geriatric-specific tinnitus research 
is not available, a component of PATM, CBT, has been 
studied in the geriatric tinnitus patient.

CBT can be combined with PATM or can be pro-
vided as a stand-alone therapy.1,29,30 Described as a 
relatively brief psychological treatment approach 
directed at identifying and modifying maladaptive 
behaviors and cognition by means of behavior change 
and cognitive restructuring, CBT aims to decrease the 
psychological distress associated with tinnitus and is 
not targeted toward the loudness of tinnitus.30 CBT 
can be provided as both individual and group ther-
apy, and it appears to reduce the distress reported by 
geriatric tinnitus patients substantially.

Tinnitus retraining therapy (TRT) and sound 
therapy are commonly recommended in tinnitus 
patients,1 though research specific to geriatric tinni-
tus patients is lacking. TRT (which the Provision of 
Services for Adults with Tinnitus guideline refers to 
as habituation therapy or simplified tinnitus retrain-
ing therapy) and sound therapy (also known as mask-
ing) have both been subjects of a Cochrane review.31,32 
Like many of the therapies mentioned previously, 
the Cochrane review could not make a determination 
on the efficacy of sound therapy due to the lack of 
good evidence in the literature.31 A Cochrane review 
of TRT did identify a single, low-quality randomized, 
controlled trial suggesting TRT is more effective than 
masking32; other work has found CBT combined with 
TRT is beneficial.33

Tinnitus often occurs with hearing loss. Hearing 
aids have been the standard treatment of hearing 
loss for decades, particularly in geriatric patients, 
but are increasingly recognized for their role in the 
treatment of tinnitus as well. This is believed to be 

chemistry, lipid profile, and others should be consid-
ered based on the level of suspicion created by the 
history and physical exam.6,16

Imaging is not performed routinely in elderly 
patients with symmetric hearing loss or tinnitus, nor 
in those with nonbothersome symmetric tinnitus 
without hearing loss. Imaging should be considered 
in patients with asymmetric hearing loss and tinni-
tus, asymmetric tinnitus without hearing loss, and 
pulsatile tinnitus.6,10 An excellent algorithm for the 
evaluation of pulsatile tinnitus is described by Mat-
tox and Hudgins.17

 ■ Management
Despite the immense amount of literature on the 
management of tinnitus, there is a dearth of stud-
ies of sufficient quality to permit specific recom-
mendations regarding treatment.1 Very little of the 
literature is specific to the management of tinni-
tus in the geriatric patient, and the studies that do 
exist are of insufficient quality to guide age-specific 
recommendations.

Currently there is no Food and Drug Administra-
tion (FDA)-approved pharmaceutical agent for tinni-
tus, and evidence-based pharmacological approaches 
are limited to the treatment of comorbidities such as 
depression, anxiety, and insomnia.18 Many medica-
tions recommended to assist in the management of 
tinnitus (antidepressants, anticonvulsants, anxiolyt-
ics, and herbal preparations) may be inappropriate or 
unsafe in the geriatric patient, and some may exac-
erbate tinnitus.1,19 Intratympanic medications stud-
ied in randomized, controlled trials have not shown 
benefit; in the case of lidocaine, no randomized, con-
trolled trials have been performed,1,18 and no conclu-
sion can be drawn toward efficacy or safety. Novel 
therapies, such as acupuncture,20,21 hold promise in 
the adult tinnitus population and await study in the 
geriatric tinnitus population, although benefit has 
not been established for hypnosis.22–24

Because cochlear implantation is not currently 
approved by the FDA for the management of tinni-
tus, this chapter does not review cochlear implan-
tation for tinnitus management in the geriatric 
patient. However, it should be noted that tinnitus 
can improve in geriatric patients who undergo uni-
lateral and bilateral cochlear implantation for severe 
to profound hearing loss.25,26

With the dearth of evidence supporting the 
safety or efficacy of pharmacological management 
of tinnitus, alternative therapies should be consid-
ered. In 2009, the UK Department of Health issued 
the Provision of Services for Adults with Tinnitus.27 
The recommendations included providing tinnitus 
patients with information/education, hearing aids, 
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 ■ Conclusion
It is well established that geriatric patients find tin-
nitus disruptive, and with advancing time and age, 
tinnitus can become more intrusive and burden-
some. The concern should be taken seriously, and 
the evaluation should be meticulous and thorough. 
The care of the geriatric tinnitus patient requires the 
recognition that there is little evidence to support 
aggressive medical or surgical therapy. Interventions 
making use of educational counseling, hearing aids, 
CBT, and sound therapy currently appear to hold the 
best chance of providing relief.

accomplished by several mechanisms. Amplifica-
tion of speech diverts attention away from tinnitus, 
and amplification of other ambient sounds serves 
to partially mask tinnitus.34 Hearing aids have also 
been developed that can deliver continuous masking 
noise, and others attempt to transpose the tinnitus 
with sound of a different frequency. A recent study 
demonstrated long-term benefit in tinnitus patients 
with linear octave frequency transposition (LOFT) 
hearing aids measured with a visual analog scale.35 
More studies are needed to determine which hearing 
aid programming strategies are most effective for the 
general and geriatric patients with hearing loss and 
tinnitus because there has been a lack of evidence 
supporting the use of hearing aids in the past.24
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Dizziness, Imbalance, and  
Age-Related Vestibular Loss  
in the Geriatric Population
Yuri Agrawal, Allan Rubin, and Stephen J. Wetmore

 ■ Introduction
Dizziness and imbalance are common conditions 
affecting the elderly population. They can be chal-
lenging to manage given that the symptoms can be 
nonspecific and may represent multiple underlying 
diagnoses. This chapter begins by defining dizziness 
and imbalance in the elderly and describing age-
related vestibular loss (ARVL), which is of particular 
interest to the geriatric otolaryngologist. The chapter 
then reviews the epidemiology of dizziness, imbal-
ance, and ARVL and discusses the physiological and 
pathological evidence for ARVL. Finally, the chapter 
reviews the evaluation and management of an older 
patient with dizziness and imbalance and closes 
with a discussion of falls risk assessment.

 ■  Definitions of Dizziness and 
Imbalance in the Geriatric 
Population

Dizziness connotes a subjective perception of dis-
orientation or involuntary motion, which can occur 
during movement or at rest.1 Dizziness can be sub-
divided further into the subtypes of vertigo and 
presyncopal lightheadedness. Vertigo is the false 
sensation that either the body or the environment 
is moving (usually spinning) and may be a symptom 
of vestibular, visual, or neurological impairment, 
psychological factors, or the use of multiple medi-
cations (polypharmacy). Vertigo that occurs in the 
elderly has been termed presbyvertigo. Presyncopal 
lightheadedness is the sensation of impending faint 
associated with transient diffuse cerebral hypoper-
fusion. Causal factors for lightheadedness include 
cardiovascular disease and orthostatic hypotension 
(e.g., resulting from excessive medication use or 
autonomic instability). Imbalance can be equated 
with disequilibrium, and it connotes a sense of pos-

tural instability generally associated with the trunk 
and legs without a sensation in the head.2 Imbalance 
is usually described either while standing or walk-
ing and typically does not occur at rest. Imbalance 
results from neuromuscular impairment related 
to muscle weakness, loss of peripheral sensation 
or proprioception, and/or arthritis. The imbalance 
or disequilibrium that occurs with aging has been 
termed presbystasis or presbyequilibrium.

The typology of dizziness and imbalance is con-
ceptualized in Fig. 11.1 as a set of overlapping con-
ditions. Age-related vestibular loss (ARVL), which 
is in the realm of geriatric otolaryngology, is also 
depicted. The vestibular system plays an integral role 
in maintaining the vestibulo-ocular and vestibulo-
spinal reflexes (VOR and VSR). The VOR is important 
for stabilization of gaze during head movement, and 
VOR impairment manifests as dizziness (i.e., abnor-
mal sensation of motion). The VSR is important for 
trunk and limb stabilization during head movement. 
VSR dysfunction manifests as postural instability. The 
VOR and VSR are depicted in Fig. 11.1 as the overlap 
between ARVL and presbyvertigo and presbystasis, 
respectively. Interestingly, there is increasing recogni-
tion of the physiological importance of vestibuloauto-
nomic projections. Vestibuloautonomic impairment 
has been associated with orthostatic hypotension.3 
Thus ARVL may also be a causal factor for the symp-
tom of presyncopal lightheadedness. Emerging evi-
dence is suggesting that a certain amount of ARVL is 
present in older individuals but may not be manifest-
ing symptomatically as dizziness or imbalance.4,5 This 
may be because the level of vestibular impairment 
has not crossed a critical threshold, or because an 
individual is able to compensate for the ARVL. ARVL 
is thus depicted in Fig. 11.1 as asymptomatic or “sub-
clinical” and symptomatic or “clinical.”

As is evident in Fig. 11.1, multiple causative fac-
tors have been associated with dizziness and imbal-
ance in the geriatric population. It is well known 
among researchers who study aging that geriatric 
conditions often result from numerous coexisting 
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years).7–9 The prevalence of dizziness and imbal-
ance rises steeply with age, with levels over 50% in 
the community-dwelling population over age 80.10 
A study in institutionalized nursing home residents 
observed a prevalence of dizziness and vertigo of 
68%.11 Among patients presenting to a primary care 
clinic, 24% reported dizziness and 17% identified diz-
ziness as their major presenting complaint.12 Within 
the otolaryngology clinic, one study of 131,000 con-
secutive patients found that 6% of patients over age 
65 presented with vertigo or a presumed vestibu-
lar diagnosis.13 Interestingly, this large-scale survey 
of otolaryngological practice found that visits from 
geriatric patients increased from 14.3% in 2004 to 
17.9% in 2010. Moreover, this study noted that the 
five most common geriatric diagnoses were otologic 
(including hearing loss, external ear disorders, tin-
nitus, otitis media/eustachian tube disorders, and 
vertigo).

A landmark series of studies based in Germany 
estimated the population prevalence and incidence 
more specifically of vestibular vertigo (i.e., vertigo 
resulting from vestibular impairment). Community-
dwelling participants in a national telephone survey 
were queried about symptoms of dizziness and ver-
tigo. Those who reported moderate symptoms were 
administered a detailed neurotologic interview, from 
which vestibular vertigo was diagnosed based on 
symptoms of rotational vertigo, positional vertigo, 
or recurrent dizziness with nausea and oscillopsia or 

factors that may interact to have nonlinear, syner-
gistic effects. Indeed, Tinetti and colleagues have 
described dizziness as a geriatric syndrome whereby 
symptoms result not from sole disease entities but 
from accumulated impairment in multiple systems.6 
As a corollary, the authors suggest that the manage-
ment of geriatric syndromes requires multifactorial 
interventions, or alternatively a focus on improving 
functional outcomes irrespective of the complex web 
of etiologic factors.

 ■  Epidemiology of Dizziness, 
Imbalance, and Age-Related 
Vestibular Loss in the Geriatric 
Population

Estimates of the prevalence of dizziness and imbal-
ance in the geriatric population depend largely on 
the definitions of dizziness and imbalance used, 
and on the populations surveyed. Definitions vary 
as noted previously. The populations surveyed can 
vary with respect to their age ranges, whether they 
are population-based or clinic-based, and what 
types of clinics are being studied (e.g., primary vs. 
specialty care). Several large population-based stud-
ies have found a 20 to 30% prevalence of dizziness 
and imbalance in the elderly population (age ≥ 65 

Fig. 11.1 Typology of age-related dizziness, imbalance, and vestibular loss. VOR, vestibulo-ocular reflex; VSR vestibulospinal 
reflex.
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review of the most frequently reported causes of 
dizziness in primary care practice are presented in 
Table 11.1.1 The review found that peripheral ves-
tibular disease was the most common cause of diz-
ziness, observed in 20 to 50% of cases. Peripheral 
vestibular diseases included benign paroxysmal 
positional vertigo (BPPV), labyrinthitis, and vestibu-
lar neuritis. Other common causes of dizziness were 
cardiovascular disease, systemic infection (leading 
to orthostatic hypotension), psychiatric disorders, 
metabolic disturbances, and use of multiple medica-
tions. A more recent epidemiological survey of the 
elderly population in England found that dizziness 
was associated with abnormal heart rhythm, hear-
ing loss, vision loss, and low grip strength, whereas 
imbalance was associated with diabetes, arthritis, 
low grip strength, and vision loss.8 With respect to 
vestibular vertigo, independent risk factors were 
depression, tinnitus, and cardiovascular risk factors, 
including hypertension and dyslipidemia.14 Finally, 
independent risk factors for vestibular impairment 
as measured by the modified Romberg test included 
low socioeconomic status and diabetes mellitus.4,16

Epidemiological studies also have examined the 
impact of dizziness, imbalance, and ARVL on diverse 
outcomes, including falls, quality of life, health care 
utilization, and other economic outcomes. Dizzi-
ness has been associated with a two- to threefold 
increased risk of falling.4,10 Specifically with respect 
to ARVL, the study from NHANES found that indi-
viduals with objective vestibular impairment who 
were also clinically symptomatic (i.e., reported dizzi-
ness) had a 12-fold increase in the odds of falling. In 
a small pilot study, older fallers were found to have 
significantly higher rates of peripheral vestibular 
dysfunction than older nonfallers.17 A prospective 
study reported that elderly patients with vestibular 
asymmetry were significantly more likely to experi-
ence an incident fall.18 Moreover, several studies have 

imbalance. Of note, the neurotologic interview was 
found to have good validity based on a gold standard 
of neurotology clinic–based diagnosis in establishing 
a vestibular diagnosis. The lifetime prevalence, 1-year 
prevalence, and incidence of vestibular vertigo were 
observed to be 7.8%, 4.9%, and 1.5%, respectively.14 
The 1-year prevalence of vestibular vertigo increased 
with age to 7.2% in those aged 60 to 69 and 8.8% in 
individuals over age 80. This study was among the 
first to estimate the population prevalence of ARVL.

A more recent study estimated the prevalence of 
vestibular impairment in the U.S. population using 
an objective, rather than subjective (self-report 
based), test. Data were drawn from the 2001–2004 
National Health and Nutrition Examination Sur-
vey (NHANES). Vestibular function was assessed in 
NHANES using the modified Romberg test, whereby 
vestibular impairment was inferred from an inability 
to stand on a foam pad with eyes closed. Thirty-five 
percent of U.S. adults age 40 years and older had evi-
dence of balance dysfunction based on this postural 
metric.4 The odds of balance dysfunction increased 
significantly with age, such that 85% of individuals 
age 80 and above had evidence of balance dysfunc-
tion. These estimates are considerably higher than 
the prevalences of vestibular vertigo mentioned ear-
lier from the German population. It is possible that 
the symptom of vestibular vertigo represents a com-
ponent of clinical ARVL, whereas vestibular impair-
ment based on the modified Romberg test represents 
subclinical ARVL.

Epidemiological analyses of dizziness, imbal-
ance. and ARVL have also investigated risk factors 
for these conditions. Most studies have observed an 
increased prevalence of dizziness and imbalance in 
women.1 Vestibular vertigo was also more prevalent 
in women.15 However, the prevalence of vestibular 
impairment based on objective modified Romberg 
testing did not differ by gender.4 Findings from a 

Table 11.1 Most common causes of dizziness in primary care practice

Category Percent Examples

Peripheral vestibular disease 20–50 Benign paroxysmal positional vertigo (BPPV), labyrinthitis, vestibular neuritis

Cardiovascular disease 10–30 Arrhythmia, congestive heart failure, vasovagal conditions (e.g., carotid sinus 
hypersensitivity)

Systemic infection 10–20 Systemic viral and bacterial infection

Psychiatric conditions 5–15 Depression, anxiety, hyperventilation

Metabolic disturbances 5–10 Hypoglycemia, hyperglycemia, electrolyte disturbances, thyrotoxicosis, anemia

Medications 5–10 Antihypertensives, psychotropic medications

Data from Sloane PD, Coeytaux RR, Beck RS, Dallara J. Dizziness: state of the science. Ann Intern Med 2001;134(9 Pt 2):823–832.
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likely far exceeding the capacity of geriatricians and 
otologists.11 Thus it might be necessary to train other 
types of health care professionals such as nurses and 
physical therapists to assist more in managing these 
conditions.

 ■  Physiological and Pathological 
Evidence for Age-Related 
Vestibular Loss

As already described, there is epidemiological evi-
dence that ARVL is prevalent in the geriatric popula-
tion. The vestibular system consists of five organs: 
three semicircular canals (anterior or superior, pos-
terior and horizontal, or lateral), and two otolith 
organs—the saccule and the utricle (Fig. 11.2). The 
semicircular canals detect angular head rotations 
along the planes of the canals, whereas the otoliths 
detect linear translations of the head, as well as 
head orientation with respect to gravity. The saccu-
lar neuroepithelium is oriented in a vertical direc-
tion and preferentially detects vertical linear head 
movements, whereas the utricular neuroepithelium 
is horizontally oriented and preferentially detects 
horizontal head movements.

In recent years, numerous vestibular physiologi-
cal tests have been developed that allow for local-
ization of dysfunction within the five organs of the 
vestibular system. The most widely used vestibular 
tests are caloric and rotational chair testing, which 
evaluate the function of the horizontal semicircular 
canal.31 Recently, video-oculography techniques have 
made possible quantitative angular vestibulo-ocular 
reflex (AVOR) testing during head impulses to assess 
the function of each of the six semicircular canals.32,33 
The vestibular-evoked myogenic potential (VEMP) 
tests are gaining increasing popularity as measures 
of otolith function. The sound-evoked cervical VEMP 
(cVEMP) is a product of the sacculocollic reflex and is 
thought to specifically reflect saccular function.34 The 
vibration-evoked ocular VEMP (oVEMP) has been 
suggested to selectively measure utricular function.35

Several classic studies have reported a decline in 
horizontal semicircular canal function with aging. 
Peterka and colleagues tested over 200 healthy 
subjects across a wide age range (7–81 years) and 
observed increased postural sway and decreased 
VOR gain to sinusoidal rotation with age.36 Caloric 
responses, however, were not observed to change 
with age. Paige similarly observed declining VOR 
responses with age to high-amplitude and high-
velocity sinusoidal rotations in 81 patients age 18 to 
89.37 The author concluded that “aging entails a pro-
gressive bilateral peripheral vestibular loss.” Baloh 
and colleagues completed one of the only longitudi-
nal studies of vestibular function in 57 normal older 

observed an association between vestibular asym-
metry and fall-related hip and wrist fracture risk.19–21

Quality of life measures assess general quality of 
life (e.g., the Short-Form Health Survey [SF-36]) as 
well as health-related quality of life (i.e., related to 
a specific health condition). Dizziness and vestibu-
lar vertigo have been associated with significantly 
poorer quality of life, in both the physical and the 
mental domains. One population-based study in 
Sweden found that dizziness was one of the most 
influential symptoms affecting general quality of life 
in older individuals.22 The most widely used mea-
sures of dizziness- and imbalance-related quality of 
life are the Dizziness Handicap Inventory (DHI),23 the 
Activities Balance Confidence (ABC) scale,24 and the 
Falls Efficacy scale (which measures fear of falling).25 
Two studies that administered the DHI in patients 
presenting with dizziness to a primary care clinic 
and a specialized dizziness clinic found that over 60% 
of patients reported moderate to severe handicap 
associated with their dizziness in both clinical con-
texts.26,27 With respect to health care utilization and 
economic outcomes, the German population-based 
study found that vestibular vertigo was more likely 
than nonvestibular vertigo to be associated with a 
medical consultation, sick leave, interruption of daily 
activities, and avoidance of leaving the house.28 Simi-
larly, a population-based study in the United States 
observed that 50% of older individuals with dizzi-
ness and balance problems saw at least one medi-
cal provider, and 35% saw three or more providers.29 
A single provocative longitudinal study found that 
patients with disequilibrium at baseline were at sig-
nificantly increased risk only for new-onset cognitive 
decline compared with controls.30

The epidemiological data reviewed thus far sug-
gest that dizziness, imbalance, and ARVL are preva-
lent in the population and have significant clinical, 
functional, and economic implications. Several final 
points deserve mention at the conclusion of this 
section. First, as has been highlighted by numer-
ous authors, the goal of research on dizziness and 
imbalance in the geriatric population should be the 
development of evidence-based clinical practice 
guidelines for the effective diagnosis and manage-
ment of these conditions.1 To this end, the use of a 
common nomenclature is an important first step. 
Second, although dizziness and imbalance are prev-
alent in the geriatric population they are not uni-
versal. As one study specifically points out, not all 
individuals over age 90 had dizziness.10 As such, diz-
ziness and imbalance in the geriatric population may 
be considered “age-concomitant” rather than “age-
dependent” conditions.10 As a corollary, these condi-
tions should be viewed as pathological, and efforts 
should be made to treat them. Finally, it follows 
that the potential scope of managing dizziness and 
imbalance in the geriatric population is enormous, 
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lations and progressive otoconial degeneration asso-
ciated with aging.42–44 Interestingly, findings from 
temporal bone specimens corroborate the foregoing 
physiological data, demonstrating a greater loss of 
vestibular hair cells in the cristae ampullares of the 
semicircular canals relative to the otolithic maculae.45

 ■  Evaluation and Management of 
an Older Patient with Dizziness 
and Imbalance

It is critical to take a systematic approach in the eval-
uation of an older patient with dizziness or imbal-
ance. Some older individuals may report primarily 
vertigo, lightheadedness, or disequilibrium, which 
can suggest the predominance of certain underly-
ing etiologies. However, it should be noted that older 
patients often have multiple concomitant impair-
ments, such as low vision (e.g., from presbyopia or 
macular degeneration), cardiovascular disease (e.g., 
hypertension), muscle weakness, and arthritis, and 
the use of multiple medications. Although a particu-
lar impairment may predominate, it is possible that 
this impairment in combination with another deficit 
creates the clinical problem (i.e., the clinical problem 
is multifactorial). Accordingly, it is critical that the 

individuals who were followed annually for 5 years.38 
They observed a significant decrease over the 5 years 
in VOR gain to sinusoidal stimuli, again only at higher 
velocities.5 Interestingly, none of the older individu-
als reported symptoms of dizziness or imbalance. It 
is possible that a threshold of ARVL must be crossed 
for the disease to move from being subclinical to 
clinical.

In addition to age-related declines in semicircular 
canal function, studies also suggest that otolith func-
tion decreases with age. Welgampola and Colebatch 
performed cVEMP testing in 70 adults age 25 to 85.39 
They observed decreasing click-evoked response 
amplitudes with age, notably a 25 to 30% decline in 
amplitude per decade from the sixth decade. Brant-
berg and colleagues measured tone-burst evoked 
cVEMPs in 1,000 consecutive patients seen in their 
clinic and observed a steady decline with age start-
ing as early as age 40.40 A pilot study of 50 healthy 
older individuals age 70 and over evaluated the 
five vestibular end-organs simultaneously to assess 
which if any organ was disproportionately affected.41 
The study observed that 80 to 90% of subjects had 
semicircular canal dysfunction, whereas only 50% 
of participants had abnormal saccular function and 
20% had utricular impairment.

Histopathological analyses of human temporal 
bones also demonstrate the adverse effects of age, 
demonstrating declines in vestibular hair cell popu-

Fig. 11.2 Inner ear anatomy.
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metabolize drugs differently than younger adults 
and may be exposed to higher drug levels at the 
usual doses. An increase in the number of medica-
tions used in the elderly has been associated with an 
increased risk of impaired balance.53 Certain classes 
of medications, including antihypertensive, psycho-
tropic, and narcotic pain medications, have been 
associated with a particularly increased risk of dizzi-
ness and falls and have been termed fall risk–increas-
ing drugs (FRIDs).54–56 Several clinical tools have been 
developed to evaluate potentially inappropriate 
medication use in older patients. The Beers criteria is 
the most commonly used tool.57 It contains of one list 
of medications that should be avoided independent 
of diagnosis, and a second list of medications that 
should be avoided considering the diagnosis. Further 
tools have been developed, including the Screen-
ing Tool of Older People’s potentially inappropriate 
Prescriptions) (STOPP) criteria, which enumerate 
medications to be avoided by organ system, and the 
Screening Tool to Alert doctors to Right Treatments 
(START) criteria, which list medications that should 
be recommended in older patients according to con-
dition in the absence of any contraindications.57

With respect to the physical examination, we 
recommend screening for orthostatic hypotension 
(a systolic blood pressure decrease of at least 20 
mm Hg or a diastolic blood pressure decrease of at 
least 10 mm Hg within 3 minutes of standing). Evi-
dence of orthostasis could indicate excessive dose 
of antihypertensive medications (among other con-
ditions) and should prompt referral to the primary 
care provider or cardiologist. Eye movements should 
be assessed, particularly the cardinal movements 
of smooth pursuit, saccade, and vergence. Deficits 
may indicate brainstem or cerebellar pathology and 
should prompt a referral to a neurologist. Cerebel-
lar function should also be assessed with maneu-
vers such as the finger-nose-finger test, the rapid 
alternating hand movement test and heel-to-shin 
test. Deficits in any of these tests may indicate cer-
ebellar dysfunction and should prompt referral to a 
neurologist.

Clinical vestibular testing should include assess-
ment for spontaneous nystagmus (which would 
indicate vestibular asymmetry), postheadshaking 
nystagmus (which would indicate a latent vestibular 
asymmetry), and the horizontal head impulse test 
(HIT) (which evaluates horizontal semicircular canal 
function). One study showed that 50% of older adults 
age 70 and older had an abnormal HIT.58 Clinical test-
ing should also include the Dix-Hallpike test to evalu-
ate for BPPV, which, as mentioned previously, is very 
common in older individuals and is treatable. The 
Romberg test should be performed with eyes closed 
on foam to evaluate standing balance in the absence 
of vision and proprioceptive information (such that 
the patient is relying only on vestibular information). 

most common contributors to dizziness and imbal-
ance in the elderly be addressed systematically every 
time in every patient.

The first step in the otolaryngologist’s evaluation 
of an elderly patient with dizziness and imbalance 
is to obtain a history. This includes asking when the 
symptoms started, whether the symptoms are pro-
gressive, how the patient would further character-
ize the symptoms (vertigo, lightheadedness, and/
or imbalance), whether the symptoms are constant 
versus episodic (if episodic whether the duration is 
seconds, minutes, hours, or days), and whether the 
episodes occur at rest or only during head move-
ment, standing, or walking. Of the major vestibular 
diagnoses, BPPV is particularly common in older 
adults and bears special mention. Increased BPPV in 
the elderly may reflect age-related degeneration of 
the otoconial membrane, leading to abnormal seed-
ing of otoconia in the endolymph.46 A study of the 
German population observed a prevalence of 3.4% 
in individuals over age 60 and a cumulative lifetime 
incidence of almost 10% by age 80.47 BPPV accounted 
for 39% of cases of vertigo in older patients present-
ing to neurotology clinics.48 However, older patients 
do not always experience the classic presentation of 
BPPV—short episodes of rotatory vertigo associated 
with changes in head position. A study of 100 older 
patients presenting to general geriatric practices for 
chronic medical conditions found that 9% had unrec-
ognized BPPV.49 Moreover, patients with BPPV had 
significantly increased fall risk. Another study found 
that older patients with BPPV were more likely to 
experience postural instability.50 Of note, this insta-
bility could be improved through canalith reposi-
tioning maneuvers.

The next step is to elicit a medical history to 
understand the multiple factors that might be con-
tributing to the patient’s dizziness. Specifically, the 
following conditions should be noted: (1) eye disor-
ders (e.g., cataracts, macular degeneration, or glau-
coma), (2) cardiovascular disease (e.g., hypertension, 
arrhythmias, syncope), (3) musculoskeletal disorders 
(e.g., arthritis, weakness), (4) peripheral sensory 
loss (e.g., neuropathy), (5) psychiatric disease (e.g., 
depression, anxiety), (6) cognitive impairment, and 
(7) systemic conditions (e.g., diabetes). If any unrec-
ognized nonvestibular impairment is identified, an 
appropriate referral should be made. The otolaryn-
gologist should also ask about a history of hearing 
loss. Emerging evidence is suggesting a link between 
hearing loss, imbalance, and elevated fall risk.51

The otolaryngologist should then review the 
patient’s medications. Polypharmacy (i.e., the use of 
four or more medications) contributing to dizziness 
is a particular concern among older individuals. A 
study in the ambulatory adult population age 65 or 
older found that 44% of men and 57% of women take 
five or more medications.52 Moreover, older adults 



Geriatric Otolaryngology100

ergics (e.g., scopolamine), and benzodiazepines (e.g., 
lorazepam).70 Vestibular suppressants can be effec-
tive in reducing symptoms of vertigo and motion 
sickness. However, they have been shown to blunt 
the error signal that drives vestibular compensa-
tion.71 As such, vestibular suppressants are not indi-
cated in the setting of chronic, progressive vestibular 
impairment (e.g., ARVL) where compensation is criti-
cal. Moreover, vestibular suppressants have sedat-
ing effects and are metabolized and cleared more 
slowly in older individuals.72 Thus they are not rec-
ommended in the elderly; indeed, antihistamines, 
anticholinergics, and benzodiazepines are listed in 
the Beers criteria. Interventions that challenge the 
vestibular system and foster compensation—such as 
vestibular therapy—are preferable to treat dizziness 
and imbalance in the elderly.

 ■ Falls Risk Assessment
The American Geriatrics Society (AGS) recommends 
that all patients older than age 65 with a history of 
falls or a balance and gait disorder should undergo 
multifactorial falls risk evaluation.73 If the oppor-
tunity exists, otolaryngologists should consider 
joining or developing multidisciplinary teams that 
provide multifactorial falls risk evaluation to older 
patients. Such a multidisciplinary falls prevention 
clinic has been established at the first author’s (YA’s) 
institution. All patients seen in the clinic are given 
a standardized questionnaire (Appendix). The ques-
tionnaire was developed based on AGS guidelines 
and with input from a multidisciplinary group of 
providers at the institution, including geriatricians, 
neurologists, otolaryngologists, ophthalmologists, 
orthopedists, cardiologists, physiatrists, psychia-
trists, and physical and occupational therapists. 
Notably, the questionnaire quantifies fall history 
with the use of a falls severity grading scale devel-
oped in the clinic.74 Additionally, standard batteries 
such as the Geriatric Depression Scale, the Activities 
Balance Confidence Scale, the Lawton Instrumental 
Activities of Daily Living Scale, and the Falls Efficacy 
Scale are administered to measure the impact of 
imbalance and falls risk on the patient’s functional 
status and quality of life.24,25,75,76

A standardized physical examination was also 
developed for patients seen in the falls prevention 
clinic (Table 11.2), using measures in wide clinical 
and research use such as the Balance Evaluations Sys-
tems Test (the Mini-BEST), the Scale for the Assess-
ment and Rating of Ataxia (SARA), and the Montreal 
Cognitive Assessment (MOCA).77–79 Vestibular testing 
is performed in all patients, including assessment of 
spontaneous nystagmus, gaze-evoked nystagmus, 
postheadshake nystagmus, visual VOR suppression, 

The patient’s gait should also be observed, to assess 
stability and the potential need for physical therapy 
and/or an assistive device. The timed up and go 
(TUG) test is an efficient and reproducible measure 
of fall risk. The patient is asked to stand from a seated 
position, walk 3 m, turn around, then return to sit-
ting. Older adults who take longer than 14 seconds to 
complete the TUG are at significantly increased risk 
of falling.59

At present, the mainstays of management of the 
older patient with dizziness or imbalance seen in the 
otolaryngology clinic are management of polyphar-
macy, identification of nonvestibular contributors 
and appropriate referrals, management of hearing 
loss, home safety modification (including installing 
night lights and grab bars, removing throw rugs, and 
creating clear passageways within the home), use 
of assistive devices (cane and walker), and exercise 
programs (e.g., tai chi, or even light walking). For 
older patients with evidence of vestibular impair-
ment, vestibular rehabilitation is the primary treat-
ment. Vestibular rehabilitation is a program whereby 
patients learn to compensate for their vestibular 
loss by using visual or proprioceptive cues under 
the direction of a therapist.60,61 Studies have shown 
that vestibular rehabilitation is as effective in older 
patients as in younger patients.62 One randomized, 
controlled trial administered vestibular rehabilita-
tion to a group of older patients with chronic dizzi-
ness seen in primary care clinics.63 The study found 
that vestibular rehabilitation significantly reduced 
dizziness symptoms and improved postural stabil-
ity and dizziness-related quality of life. This trial is 
among the first to administer vestibular rehabilita-
tion in primary care patients who did not have a 
specific vestibular diagnosis (except perhaps ARVL). 
Further research is needed to establish the appropri-
ate timing for vestibular rehabilitation. Evidence that 
vestibular function starts to decline in middle age 
suggests the potential benefit of vestibular exercises 
prior to the onset of significant vestibular loss.11 This 
phenomenon has been termed prerehabilitation, or 
“prehab.”2 More recent studies have investigated the 
benefit of biofeedback prostheses in the treatment 
of vestibular impairment. The prostheses consist of 
body-worn devices that deliver sensory feedback 
(e.g., vibrotactile, auditory) to patients to orient the 
trunk during movement.64–68 Early reports are prom-
ising that the prostheses effectively improve dizzi-
ness and imbalance. Additionally, the multichannel 
implantable vestibular prosthesis represents a 
potential new technology for the treatment of ARVL 
that is awaiting human trials.69

Finally, pharmacological therapies for dizziness 
should be used judiciously and sparingly in older 
individuals. The most commonly-used medications 
to treat dizziness are vestibular suppressants, which 
include antihistamines (e.g., meclizine), anticholin-
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 ■ Conclusion
As the population ages, increasingly otolaryngologists 
will be called on to manage the common geriatric 
problem of dizziness. This chapter reviews a nomen-
clature for dizziness and imbalance conditions in the 
elderly and emphasizes the need for a systematic 
approach to this multifactorial problem. Otolaryn-
gologists should recognize the high prevalence of diz-
ziness in the elderly, its potentially profound impact 
on quality of life and even length of life (shortened 
by fall injuries), and the availability of treatment to 
improve symptoms. Most older patients with dizzi-
ness can be helped, but first we must recognize them 
and treat them with enthusiasm and knowledge.

Dix-Hallpike test, and HIT using video-oculography. 
We also evaluate the other key contributors to fall 
risk, including vision loss (specifically loss of contrast 
sensitivity),80–82 peripheral sensory loss (particularly 
loss of joint proprioception),83,84 muscle weakness 
(particularly of the lower limbs),85,86 and neurocogni-
tive decline (including loss of cerebellar and cogni-
tive function).87–89 All patients receive personalized 
counseling on home modification and the need for 
assistive devices and are prescribed a program of 
physical and/or occupational therapy as needed. The 
screening questionnaire is used to direct any spe-
cialty referrals (e.g., to neurology, otolaryngology, or 
ophthalmology).

Table 11.2 Standard physical examination administered in the Johns Hopkins Falls Prevention Clinic:  
physical therapy and occupational therapy components

Physical therapy component Occupational therapy component

– Orthostatic vital signs
– Contrast sensitivity
–  Vestibular and oculomotor testing using video-Frenzel 

lenses
– Upper and lower extremity strength testing
– Mini-BEST (Balance Evaluations Systems Test)

–  Distal sensory testing (pinprick, joint proprioception, 
vibration)

– Reflex testing (brachioradialis, patella, Achilles, Babinski)
– Montreal Cognitive Assessment
– Scale for the Assessment and Rating of Ataxia
– Home assessment
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   FALLS PREVENTION CLINIC QUESTIONNAIRE
     The Johns Hopkins Hospital  
      600 North Wolfe Street, Meyer 1130  Baltimore, MD 212877142    

Appointments:  (410) 6143234/ Fax: (410) 6140503

Thank you for arranging to visit our clinic.

Please complete this questionnaire before coming for your visit. It is confidential and 
will be part of your record. It asks for information about your current problems and your 
past medical history. This form will give us a better understanding of your problem, and will 
allow us to spend more time evaluating your problem and discussing treatment plans.

When you come for your first visit, please bring this completed form along with other 
medical information you or your doctor think is necessary. Should you have any questions, 
please do not hesitate to contact us at the number at the top of this page.

Thank you very much. We look forward to seeing you.

Johns Hopkins Falls Prevention Team

Name __________________________________________________   Date ____________________

Birth date ____________________   Age __________   Gender:  □ Male  □ Female

Race:   □ Black or African American   □ American Indian or Alaska native   □ Asian 
  □ Native Hawaiian or Pacific Islander   □ White

Are you Hispanic or Latino:   □ Yes   □ No

Contact Information:

Home Phone: _________________________   Work Phone: _________________________ 

Email: _____________________________________________

Address: __________________________________________________________________________

I live with:   □ Alone   □ Spouse   □ Family   
□ Other, please describe: __________________________________________________________
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Who referred you to us (name, address, phone)? ____________________________________
___________________________________________________________________________________

Who is your primary care physician? _______________________________________________

Are there any other physicians involved in your care? Please list them below:

Name Specialty Phone Number
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1. Past Medical History 

Have you ever been told you have or had any of the following (check all that apply):
Cardiovascular □ Feeding tube (PEG) Neurological Endocrine
□ High blood pressure Respiratory/Lung □ Stroke □ Diabetes
□ Chest pain/angina □ Emphysema □ Hyperactivity □ Thyroid disease
□ Heart attack □ Asthma □ Learning disability
□ Rheumatic fever □ Chronic bronchitis □ Attention problems □ Osteoporosis
□ Blood clots/phlebitis □ Allergies/hay fever □ Head injury □ Rheumatologic disease
□ High cholesterol □ Tracheostomy □ Depression/anxiety □ Hearing difficulties
Gastrointestinal Renal □ Mental health problem □ Vision problems
□ Ulcers □ Kidney failure □ Parkinson disease □ Injuries
□ Reflux □ Hemodialysis □ Seizures □ Anemia
□ Hepatitis □ Kidney stones □ Cancer  where:

Please describe other health problems that you have: _______________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

2. Medications

Allergies: __________________________________________________________________________

Current Medications: Please list all medications you are currently taking (including 
injections and skin patches), and when possible please provide the dosage:           

___________________________________________________________________________________

___________________________________________________________________________________

3. Have you had any xrays, MRI or CT scans of your brain, neck or spine?

□ No   □ xray   □ MRI   □ CT scan   □ Neck   □ Back   □ Brain

List and/or explain: ________________________________________________________________

___________________________________________________________________________________
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4. About your life

What is the highest degree you have earned? 
□ High school   □ Technical certificate   □ Associate’s   □ Bachelor’s   □ Master’s    
□ Doctoral 

What is your marital status?   □ Married   □ Single   □ Divorced   □ Widowed   □ Separated   
□ Other

If you have children, how many and how old?  
___________________________________________________________________________________

Do you currently live in a:   □ House   □ Apartment   □ Nursing facility   
□ Other __________________

Are there any steps to get in the house/apartment?:   □ Yes   □ No 
If yes, how many? _______________

Are there any steps inside the house/apartment?:   □ Yes   □ No 
If yes, how many? _______________

Is there elevator access to other levels of your house/or to your apartment?   □ Yes   □ No

Is your house or apartment wheelchair accessible?   □ Yes   □ No

Do you smoke?  (please include cigarettes, cigars or pipes)   □ Yes   □ No

If yes, how many packs per day? __________   For how many years? __________

If no, did you smoke formerly?   □ Yes   □ No   
Packs per day? __________   For how many years? __________

Are you able to walk:   □ Independently   □ I use an assistive device  Please choose below:
□ Cane   □ Walker or Rollator   □ Wheelchair  
□ Other device, describe ____________________________________________________________
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5. About how you are feeling

Choose the best answer for how you have felt over the past week:

 1. Are you basically satisfied with your life? □ Yes   □ No

 2. Have you dropped many of your activities and interests?  □ Yes   □ No

 3. Do you feel that your life is empty?  □ Yes   □ No

 4. Do you often get bored?  □ Yes   □ No

 5. Are you in good spirits most of the time? □ Yes   □ No

 6. Are you afraid that something bad is going to happen to you?  □ Yes   □ No

 7. Do you feel happy most of the time?  □ Yes   □ No

 8. Do you often feel helpless?  □ Yes   □ No

 9.  Do you prefer to stay at home, rather than going out and doing  
new things?  □ Yes   □ No

10. Do you feel you have more problems with memory than most?  □ Yes   □ No

11. Do you think it is wonderful to be alive now?  □ Yes   □ No

12. Do you feel pretty worthless the way you are now?  □ Yes   □ No

13. Do you feel full of energy?  □ Yes   □ No

14. Do you feel that your situation is hopeless?  □ Yes   □ No

15. Do you think that most people are better off than you are?  □ Yes   □ No
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6. About your falls

Using the picture above let us know how many falls you had:

Number 
last year

Number in 
last 5 years

1. Near falls 
2. Falls did not require medical assistance 
3. Falls required medical assistance, but no hospital admission
4. Falls required hospital admission 

If you experienced a fall in the last 5 years, please answer the following questions, 
otherwise skip to section 4. 
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Did any of your falls result in:

1. Minor injury—Treated at home resulted in pain, bruise or scrape.  
Used ice, wound cleaned at home:  □ Yes   □ No

2. Moderate injury—Required a doctor’s evaluation resulting in stitches  
or other closure, splinting. A pulled muscle or tendon was diagnosed:  □ Yes   □ No

3. Major injury—Required a prolonged visit to the hospital and resulted in  
surgery, casting, head injury (skull fracture, brain bleed) or internal injury:  □ Yes   □ No

Please think of the worst fall you had. After falling: 

1. Did you require medical assistance?  □ Yes   □ No

2. Did you call your physician?  □ Yes   □ No

3. Did you go to your physician’s office?   □ Yes   □ No

4. Did you go to the emergency department?  □ Yes   □ No

5. Did you have surgery?  □ Yes   □ No

6. Did you have a broken bone requiring surgery?  □ Yes   □ No

7. Were you admitted to the hospital?  □ Yes   □ No

8. Were you in the hospital’s intensive care unit?  □ Yes   □ No

9. Did you have any other treatment that you think is important? □ Yes   □ No
Please describe the problem: ________________________________________________________
___________________________________________________________________________________
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The following questions are about the circumstances during which the fall occurred. 
During the fall were you/did you: 

 1. Changing positions (laying down to sitting, or sitting to standing)  □ Yes   □ No

 2. Moving from the bed to a chair, or otherwise  □ Yes   □ No

 3. Moving from one room to another inside the house  □ Yes   □ No

 4. Walking up or down the stairs  □ Yes   □ No

 5. Going from one room to the other in the dark □ Yes   □ No

 6. Taking a shower □ Yes   □ No

 7. Moving outside the house □ Yes   □ No

 8. Using alcohol □ Yes   □ No

 9. Using bifocal or multifocal eyeglasses □ Yes   □ No

10. Having symptoms (shortness of breath, lightheaded, foot pain, etc.) □ Yes   □ No

11. On a slippery surface (raining, snowing, liquid on the floor, etc.) □ Yes   □ No

12. Trip over an object □ Yes   □ No

13. Fall during day time □ Yes   □ No

14. Fall during night time □ Yes   □ No

15. Alone □ Yes   □ No

16. With someone else in the same room □ Yes   □ No

17. Being helped by someone (supporting or assisting in any way) □ Yes   □ No

18. Have any other important circumstances at the time of the fall □ Yes   □ No
Please describe the circumstances: ___________________________________________________

___________________________________________________________________________________
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7. SCREENING QUESTIONNAIRE

Question No Yes If yes, please explain

7a.  Do you have dizziness (includes 
imbalance, vertigo, room-spinning, 
light-headedness)?  If yes, answer 
the following questions:

7b.  Does your dizziness include 
imbalance? 

7c.  Does your dizziness include room-
spinning or vertigo? 

7d.  Has your dizziness been getting 
worse?

7e.  Does rolling over in bed or getting in 
or out of bed make you dizzy?

7f. Does your dizziness last seconds?

7g.  Does your dizziness last minutes to 
hours?

7h.  Does your vision jump or blur while 
walking?

7i.  Do you experience sudden dizziness 
with loud sounds?

7j.  Do you experience dizziness with 
sneezing, coughing, straining?

7k.  Do you get dizzy/light-headed when 
you stand up quickly?

7l.  Is your dizziness triggered by certain 
foods/beverages?

7m.  Do you have a family history of 
dizziness or vertigo?

7n.  Have you lost consciousness when 
you were dizzy?

7o.  Do you have hearing loss or ringing 
in your ears?
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7p.  Do you have headaches, head 
pressure, sinus pressure, visual 
changes, light sensitivity, sound 
sensitivity, or nausea?

7q.  Do you have difficulties with 
memory, attention, decision-making, 
i.e., cognitive changes?

7r.  Do emotional changes, sudden falling 
asleep cause you to fall?

7s.  Do you have slurred speech or 
difficulty swallowing?

7t.  Do you have shaking in your hands or 
recent change in handwriting?

7u.  Do you have bowel or bladder 
problems or erectile dysfunction?

7v.  Do you have weakness, numbness, 
tingling or pain running down your 
legs? Is it recent or chronic?

7w.  Do you have heart palpitations or an 
abnormal heart rhythm?

7x.  Do you have shortness of breath with 
walking?

7y.  Have you had a recent change in your 
vision?

7z.  Have you had a recent change in your 
glasses?

7aa.  Do you see double?

7bb.  Do you have low back pain?

7cc.   Do you have hip pain?

7dd.  Do you have knee pain?
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8. FEAR OF FALLING (Falls Efficacy Scale International)

For each activity below, please mark from 1–4 to show how concerned you are that you 
might fall if you did this activity. Please reply thinking about how you usually do the activity. 
If you currently don’t do the activity (example: if someone does your shopping for you), 
please answer to show whether you think you would be concerned about falling IF you did 
the activity.

Do you 
perform this 
activity?

Not at all 
concerned
1

Somewhat 
concerned
2

Fairly 
concerned
3

Very 
concerned
4

 1.  Cleaning the house (e.g. 
sweep, vacuum, dust)

□ Yes □ No

 2.  Getting dressed or undressed □ Yes □ No

 3. Preparing simple meals □ Yes □ No

 4. Taking a bath or shower □ Yes □ No

 5. Going to the shop □ Yes □ No

 6. Getting in or out of a chair □ Yes □ No

 7. Going up or down stairs □ Yes □ No

 8.  Walking around in the 
neighborhood

□ Yes □ No

 9.  Reaching for something 
above your head or on the 
ground

□ Yes □ No

10.  Going to answer the 
telephone before it stops 
ringing

□ Yes □ No

11.  Walking on a slippery 
surface (e.g., wet or icy)

□ Yes □ No

12. Visiting a friend or relative □ Yes □ No

13.  Walking in a place with 
crowds

□ Yes □ No

14.  Walking on an uneven 
surface (e.g., rocky  ground, 
poorly maintained 
pavement)

□ Yes □ No

15.  Walking up or down a slope □ Yes □ No

16.  Going out to a social event 
(e.g., religious service, family 
gathering, or club meeting)

□ Yes □ No
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9. LAWTON SCALE—INSTRUMENTAL ACTIVITIES OF DAILY LIVING

Are you able to perform the following activities?  For each activity, circle the item de-
scription that most closely resembles your functional level (either 0 or 1). 

9a. Telephone use 

9ai. Operates telephone on own initiative; looks up and dials numbers:  □ 1 

9aii. Dials a few well-known numbers:  □ 1
9aiii. Answers telephone, but does not dial:  □ 1
9aiv. Does not use telephone at all:   □ 0

9b. Shopping 

9bi. Takes care of all shopping needs independently:  □ 1
9bii. Shops independently for small purchases:   □ 0
9biii. Needs to be accompanied on any shopping trip:  □ 0
9biv. Completely unable to shop:  □ 0

9c. Food preparation    

9ci. Plans, prepares and serves adequate meals independently:   □ 1
9cii. Prepares adequate meals if supplied with ingredients:   □ 0
9ciii.  Heats, serves and prepares meals or prepares meals but does not 
           maintain adequate diet:  □ 0

9civ. Needs to have meals prepared and served:  □ 0
9d. Housekeeping 

9di.  Maintains house alone or with occasional assistance (e.g., “heavy 
         work domestic help”):   □ 1

9dii. Performs light daily tasks such as dish-washing, bed making: □ 1      

9diii.  Performs light daily tasks but cannot maintain acceptable level 
           of cleanliness:   □ 1
9div. Needs help with all home maintenance tasks:  □ 1
9dv. Does not participate in any housekeeping tasks:  □ 0 
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9e. Laundry 

9ei. Does personal laundry completely:  □ 1
9eii. Launders small items; rinses stockings, etc.:  □ 1
9eiii. All laundry must be done by others:  □ 0

9f. Mode of transportation

9fi. Travels independently on public transportation or drives own car:  □ 1
9fii. Arranges own travel via taxi, but does not otherwise use public 
         transportation:    □ 1

9fiii. Travels on public transportation when accompanied by another: □ 1
9fiv. Travel limited to taxi or automobile with assistance of another:  □ 0
9fv. Does not travel at all:    □ 0

9g. Responsibility for own medication 

9gi. Is responsible for taking medication in correct dosages at correct time:  □ 1
9gii. Takes responsibility if medication is prepared in advance in separate 
          dosage:    □ 0

9giii. Is not capable of dispensing own medication:  □ 0
9h. Ability to handle finances  

9hi. Manages financial matters independently (budgets, writes checks,  
pays rent and bills, goes to bank), collects and keeps track of income:  □ 1
9hii. Manages day-to-day purchases, but needs help with banking, 
          major purchases, etc.:    □ 1
9hiii. Incapable of handling money:  □ 0
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10. The Activities-Specific Balance Confidence (ABC) Scale

Instructions to Participants:

For each of the following, please indicate your level of confidence in doing the activity without 
losing your balance or becoming unsteady from choosing one of the percentage points on the 
scale from 0% to 100%. If you do not currently do the activity in question, try and imagine how 
confident you would be if you had to do the activity. If you normally use a walking aid to do 
the activity or hold onto someone, rate your confidence as it you were using these supports. 
If you have any questions about answering any of these items, please ask the administrator.

For each of the following activities, please indicate your level of self-confidence by 
choosing a corresponding number from the following rating scale:

0%    10    20    30    40    50    60    70    80    90    100%

no confidence                                           completely confident

How confident are you that you will not lose your balance or become unsteady when you…

 1. …walk around the house?   ____%

 2. …walk up or down stairs?   ____%

 3. …bend over and pick up a slipper from the front of a closet floor ____%

 4. …reach for a small can off a shelf at eye level? ____%

 5. …stand on your tiptoes and reach for something above your head? ____%

 6. …stand on a chair and reach for something?  ____%

 7. …sweep the floor?    ____%

 8. …walk outside the house to a car parked in the driveway? ____%

 9. …get into or out of a car?    ____%

10. …walk across a parking lot to the mall?  ____%

11. …walk up or down a ramp?   ____%

12. …walk in a crowded mall where people rapidly walk past you? ____%

13. …are bumped into by people as you walk through the mall?  ____%

14. … step onto or off an escalator while you are holding onto a railing?   ____%

15. …  step onto or off an escalator while holding onto parcels such that  
you cannot hold onto the railing?  ____%

16. …walk outside on icy sidewalks? ____%
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Sinonasal Disease in the Elderly
David R. Edelstein

 ■ Introduction
As the population in the United States ages, the num-
ber of patients with nasal and sinus disease and com-
plaints will multiply. Between 2000 and 2030, the 
percentage of people over the age of 65 will increase 
from 12.4% of the population to 19.6%.1 This is a dra-
matic increase in the elderly, and physicians need to 
begin to think of this group differently, since it has its 
own unique problems and challenges. This increase 
will continue during our lifetimes given that the 
65 to 85 age group is projected to increase by 135% 
between 2000 and 2050.2 In 1960, only 9% of the U.S. 
population was over the age of 65, whereas today 
13% is.3 Otolaryngologists will be treating many of 
the elderly based on the high prevalence of rhinitis, 
hay fever, asthma, chronic sinusitis, and hearing loss 
in this age group.

Many physicians have a difficult time thinking 
about aging of the nose and sinuses. We have been 
trained to appreciate the growth of the midface in 
the fetus and the development of the nose and denti-
tion in childhood and adolescence. There has been 
little formal education, however, on the senescence 
of the midface, the skin of the nose, and the internal 
structures. Most of the literature on sinonasal dis-
ease was based on adults between the ages of 25 and 
45, with little attention given to the aging of these 
structures over the age of 65.4 Some of the prob-
lems, about which the elderly complain, are normal 
changes to the nose and respiratory tract. The fact 
that some of the nasal symptoms do not represent 
disease needs to be explained to the elderly patient, 
whose symptoms need to be treated depending on 
the level of patient anxiety and the severity of the 
problem. Many elderly patients are concerned that 
their symptoms, such as excessive rhinorrhea, rep-
resent the signs of worse problems and are happy to 
hear that their issues are a variation of normal and 
consequently require no therapy. Other patients 
need medications or sprays, but the side effects of 
the treatments need to be carefully reviewed so 

that new issues and complications do not arise. The 
nose and sinuses are often taken for granted until 
they become dysfunctional, but they present a coor-
dinated respiratory and neurological organ that is 
affected by old age, other diseases of aging, and med-
ications commonly taken by the elderly. The great 
advantage of electronic medical records is the abil-
ity to check that medications given for symptomatic 
relief do not interact with other essential drugs given 
to the elderly patient, such as cardiac medication and 
blood thinners. When there are interactions or ques-
tions, the elderly need to understand the treatment 
choices, and their primary care doctors should be 
involved in the decision-making process.

Our biases regarding treating the elderly also 
extend to our surgical decision trees. As the average 
life span extends from 85 to 90, the 20 to 25 years 
over the age of 65 will present many opportunities to 
examine the nose and sinuses and to consider surgi-
cal options. If a quarter of the population will soon 
be over the age of 60, how can we ignore the surgi-
cal issues that may affect this group? The methodol-
ogy for surgical treatment needs to be modified from 
that of the average adult and expanded to include 
the special preoperative and postoperative prob-
lems facing the elderly surgical patient. For exam-
ple, preoperative medications need to be reviewed 
to avoid day of surgery diabetic crises or hyperten-
sive episodes. Likewise, avoidance of complications 
needs to be included in the surgical planning and 
the postoperative care. How often we see patients 
postoperatively may vary based on their frailty, fam-
ily support, and ability to treat their nose and use 
postop medications.

How we treat the elderly and their aging noses 
and sinuses will determine how well they live given 
that chronic sinusitis is one of the critical negative 
factors affecting quality of life.4 The care of the geri-
atric nose and sinuses is enhanced if the patient, the 
family, and the physician understand the differences 
between the normal and abnormal nose and sinuses. 
The goal of treatment is to help patients to under-

12
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until the face is mature and may accentuate any 
genetic predisposition to hump deformities or nasal 
drooping.

Nasal function is affected by the nasal structures 
and by aging. Many older facial plastic research-
ers have found that the nose lengthens with age 
and thus droops over the age of 65.8,9 Some of these 
projects studied ethnic noses and others looked at 
cadaver dissections.10 The oral surgical literature 
includes significant studies showing how the alveo-
lus thins and reduces its bony support of the midface 
during aging.11–13 This midfacial loss of support could 
explain the drooping of the nose, because there is no 
change in the nasal cartilage with aging.14 “Normal 
Aging of the Nose in Adults” is a broad study that 
questioned the traditional teaching that the nose 
itself changes but found that there was a change in 
the facial and nasal cephalometrics with aging due 
more to changes in surrounding structures and less 
to nasal bony or cartilage weakness as traditionally 
thought.15 The changes of the midface and nose may 
also occur with the loss of tensile strength in aging 
skin, giving the appearance of significant nasal defor-
mity with aging.16 The presumption that all elderly 
patients have newly drooping noses and thus need 
nasal reconstruction is probably false, and the nose 
needs to be looked at in the context of all of the sur-
rounding facial and dental structures.

With aging, there are several changes to the skin, 
especially in the face and nose, because the face is the 
most exposed part of the body to sun and weather. 
Therefore, it tends to show more changes with age 
due to a variety of factors. The changes occur to the 
epidermis, the dermis, the skin appendages, and the 
subcutaneous tissue. The epidermis has a decrease in 
thickness and a reduction in melanocytes with age. 
This helps to thin the skin over the nose and high-
lights any trauma or imperfections of growth. It also 
shows the outlines of the nasal cartilages. The dermis 
has a reduction in fibroblasts, mast cells, and capillar-
ies. This will reduce the strength of the skin over and 
around the nose. The reduction in the skin append-
ages such as the eccrine glands and hair follicles will 
further thin the nasal skin. The skin tension lines are 
enhanced with age, which may reduce the natural 
movements of the nose and affect the nasal valve.

 ■ Nasal Physiology in the Elderly
The normal nose serves many purposes, including 
respiration, nasal cleaning, sound resonance, airway 
resistance for the lower respiratory tract, and tem-
perature regulation of inhaled air. Most of the stud-
ies on nasal physiology have been conducted either 
on children or on healthy young adults. For example, 
studies on airflow in the young adult demonstrate 

stand their problems, recognize their options for 
therapy if they exist, appreciate any issues associated 
with the care options based on their age or infirmity, 
and make intelligent medical and surgical decisions. 
This chapter is about these challenges.

 ■  Growth, Development, and 
Aging Anatomy

The nose is an essential organ of respiration during 
our entire lives. At birth, we are obligate nasal breath-
ers and will die of asphyxiation if we have bilateral 
choanal atresia and blockage at birth. The nose is very 
dynamic and needs to function from the moment of 
birth, when it is suctioned of meconium, and will be 
exposed to many noxious stimuli before death. It is a 
vehicle through which over 12,000 L of air pass per 
day.5 Its purpose is not only to pass air, but also to 
warm, humidify, and clean the particles and bacteria 
in the air before it reaches the lungs. It serves to pro-
vide resistance or a type of positive end-expiratory 
pressure to keep the lungs expanded. It also provides 
a mechanism for olfaction. The sinuses lighten the 
face and hold the teeth, essential for proper nutrition. 
The midface serves as a buffer to protect the central 
nervous system and eyes from trauma.

The nose develops early in fetal development 
(between weeks 4 and 8) from the lateral nasal plac-
odes. The simultaneous development of the facial 
bones and skull bring the nose into shape. Between 
weeks 11 and 12, the early ethmoidal infundibu-
lum develops, and the lateral walls of the nose grow 
medially, giving room to the developing paranasal 
sinuses. By 15 to 16 weeks of fetal development, the 
three primordial turbinates will form. The nasal car-
tilages will eventually interlace, leading to the devel-
opment of the nasal vestibule and valve. The lateral 
nasal wall is complete by 24 weeks. The rest of the 
midface follows in development, with significant 
interaction with the early upper alveolus and dental 
buds. Small changes in this early fetal development 
will not only change how the nose looks in child-
hood and adolescence, but also set the stage for the 
changes that occur in the geriatric nose and sinuses.

Growth is distinctive from development. Growth 
is what happens to the nose in childhood and ado-
lescence. The basic structures are set, but the nose, 
midface, sinuses, and teeth develop up to adulthood 
at age 18. The nasal cartilages develop during child-
hood, and their appearance changes as the nasal 
bones grow and the dentition changes. The relation-
ships of the nasal cartilages make up the nasal valve, 
which is the rate-limiting area for nasal breathing 
and airflow. As children grow, the cross-sectional 
area of the nose increases, and the size of the air-
way increases.6,7 The nasal bones continue to develop 
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leads to more hospitalization; is stimulated by more 
factors such as reflux, infection, and medication; usu-
ally needs continuous and not symptomatic therapy; 
and has a higher mortality than in younger adults. 
The authors contend that this may be made worse by 
a lower compliance with treatment protocols by the 
elderly patient with asthma.20 It is unclear how the 
upper respiratory tract affects the lung capacity, but 
any limitation in the nose will be reflected in lower 
respiratory tract problems, and elderly patients with 
asthma complain bitterly if their nose is blocked.

The nose is also an important cleaning vehicle. 
The nose will pick up any bacteria and viruses or 
fungi in the air and pass them into the nasopharynx 
or stomach where they are broken down. The nose 
is a dirty environment, but the sinuses are sterile. 
There are many factors that help the nose remove 
particles from the airstream, including the particle 
size, airflow rate, air flow turbulence, the mucous 
lining of the nose, and mucociliary clearance of the 
nasal cilia. Many of the medications prescribed for 
elderly patients dry the nose and reduce the sol or 
gel layer of mucus. This may affect the movement of 
particles through the nose. Nevertheless, ciliary beat 
frequency, which is a prime mover for mucociliary 
flow, does not change with the normal aging of the 
nose.15 This highlights the dynamic nature of the 
nasal lining, even with aging.

As the normal physiology of the nose changes 
with aging, the nasal symptoms of the elderly will 
vary. Table 12.1 shows that the odds ratio of hav-
ing the various symptoms changes for every decade 
from age 20 to 90. For example, as one ages, there is 
a 1.35% increase in postnasal drip for every decade. 
The other common symptoms that increase with age 
are nasal drainage, sneezing, cough, smell disorders, 
and gustatory rhinitis.15 Sneezing is the primitive 

that the greatest flow is anterior to the inferior tur-
binate and along the middle meatus.17 The resistance 
in the nose is made up of the nasal valve area with 
the intersection of the nasal vestibule, upper lateral 
cartilage, and anterior head of the inferior turbinate. 
This ratio and configuration have to work for a life-
time. However, the changes in the skin of the nose 
and lip and the regression of the teeth and alveolus 
may change how air flows into the older nose. The 
alar dilator muscle may also be reduced with age or 
by trauma in adulthood. Passive valvular collapse 
due to maximal inspiration may change transmural 
pressure and be affected by neuromuscular disease 
or muscle weakness of aging just as it is affected by 
facial palsies in young adulthood.

The inside of the nose is covered in respiratory 
mucosa except at the anterior nasal valve, where 
there is junctional squamous mucosa. This mucosa 
responds to a variety of stimuli, including tempera-
ture, moisture, emotion, hormones, and medica-
tion. Similarly, the capacitance vessels in the nasal 
septum and the inferior turbinates are also variable. 
This capacitance change at the nasal valve is the 
basis for the application of the Poiseuille principle in 
the nose. This principle states that pressure drops in 
a fluid or air flowing through a cylindrical pipe, in 
this case the anterior nose. The change in pressure 
is inversely related to the radius of the space to the 
fourth power.18 Therefore, any small change in the 
nasal valve resulting from an increase or decrease 
in mucosal or erectile tissue, or any change in the 
muscular control of the alar, will change airflow to 
a significant degree. Thus small changes in mucosa 
from medication or muscular weakness due to neu-
romuscular disease or medication can affect airflow 
negatively. In normal geriatric adults, however, there 
is generally no change in the resistance of the nose 
and no significant change of airflow with old age.15 In 
addition, normal elderly patients do have the poten-
tial for an increase in nasal airflow to make up for 
lower respiratory tract disease.

Compared with the nose, the lower respiratory 
tract shows significant changes in the elderly. The 
forced vital capacity, forced end expiratory volume, 
functional residual capacity, arterial pO2 and perfu-
sion progressively worsen with aging. The flow vol-
ume loop produced in the pulmonary function tests 
changes with aging. The forced expiratory volume in 
1 second (FEV1) is the volume that has been exhaled 
at the end of the first second of forced expiration. The 
elderly, if they are weak or infirm, cannot build up 
enough pressure, and this will reduce the FEV1. The 
net effect of aging is to increase the work necessary 
for breathing and to decrease lung compliance.19 The 
differences in aging in the lower respiratory tract can 
be judged by the changes in the effects of asthma in 
a younger versus older population. Madeo and col-
leagues have explained how asthma in the elderly 

Table 12.1 Symptoms by age: statistical significance 
and odds ratios

Symptom P  Value Odds ratio

Postnasal drip 0.0065 1.35

Nasal drainage 0.0049 1.57

Sneezing 0.0041 1.40

Cough 0.0492 1.49

Smell disorders 0.0001 1.61

Gustatory rhinitis 0.0022 1.64

Reproduced with permission from Edelstein D. Aging of the 
normal nose in adults. Laryngoscope 1996;106(Suppl 81): 
1–25.
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underestimated, partially because we often neglect 
to think of the risks of malabsorption of nutrients 
associated with inflammatory bowel disease, the use 
of proton pump inhibitors, and gastritis. Malnutri-
tion may be greater in the elderly who are home-
bound or who have trouble taking care of themselves 
and can be present even among residents of nursing 
homes and rehabilitation centers, as evident in the 
reduction in weight and strength found in the elderly 
(Table 12.2).25

Olfactory neurons reproduce on a cycle of 1 to 2 
months. This degeneration may be increased in the 
face of other neurological diseases such as Alzheimer 
and Parkinson disease. In some older patients, sig-
nificant olfactory disturbances may be the earli-
est sign of intracranial and neurological deficits.26 
Neural changes occur in the anterior olfactory cor-
tex and hippocampus in normal elderly patients.27 
Magnetic resonance studies of the elderly also show 
brain volume loss related to olfactory loss.28 Serby 
has identified olfactory testing as a possible method 
to determine whether relatives of patients with 
Alzheimer disease are affected by the disease.29

The workup of olfactory disturbances in the 
elderly is not difficult for the average otolaryngolo-
gist. A detailed history is essential and should include 
a careful description of patients’ sense of smell, start-
ing with their everyday smells and working to a dis-
cussion of more complex smells. A simple question 
is whether they can taste and smell their coffee in 
the morning or the peel of an orange. Smells that are 
derived from or produce oils can be more stimulat-
ing to the olfactory epithelium. Coffee, garlic, ginger, 
orange, lemon, lime, and grapefruit are a few things 
common in the home and kitchen that will produce 
a longer-lasting sense of smell. An inability to smell 
these items is a significant sign of possible olfactory 
problems. For patients with a fluctuating sense of 
smell, the details of when and how they smell may 
help to determine the source and significance of the 
problem. This includes a fluctuation during seasons, 
which may be due to dry heat hurting the olfactory 
epithelium or due to inflammation from seasonal 
allergies. A good history will also include prior toxin 
exposure, smoking, trauma, nasal/sinus surgery, and 
occupation.

An examination of the nose and sinuses is impor-
tant to the olfactory disturbance exam. This includes 
looking at the airflow patterns adjacent to the infe-
rior and middle meatus because smell is directly 
related to airflow in the nose. The status of the osteo-
meatal complex will also give some idea if infection 
or irritation is the source of the smell disturbance. 
The presence of polyps could mean that there may 
be an excess of inflammatory cells, fungus, bacteria, 
or mucus, which can affect the roof of the nose. The 
examination of the nasopharynx may also give some 
insight by revealing infection, sphenoid drainage, or 

defense mechanism relied on by the nose to clear 
noxious elements. One can think of it as the cough of 
the nose, and sneezes can achieve 65 mile per hour 
rates at their highest. Gustatory rhinitis is a type of 
vasomotor rhinitis, which increases with age, that 
manifests as a runny nose during eating. Generally 
this is an autonomic dysfunction in which the brain 
sees food and tries to turn on the saliva glands, but 
mistakenly turns on the Bowman glands and muco-
serous glands of the nose instead.

 ■ Smell Disorders
The sense of smell is important in our everyday lives, 
as represented by the development of the perfume 
and deodorant industries. Smell is used as a protec-
tive mechanism to avoid noxious environments, rot-
ting food, toxic gases, and dirty clothing. The nose is 
essential to the normal sense of smell, because olfac-
tory epithelium grows in its roof at the cribriform 
plate and along the upper septum. Of all of the cra-
nial nerves, olfaction is the first and the most primi-
tive. The number of smells human beings can detect 
has been estimated to be ~ 10,000. The sense of smell 
is essential for the sense of taste, because taste is via 
other cranial nerves in the mouth and tongue and 
only detects bitter, sweet, salt, and sour elements.

All of our senses are reduced with aging, but none 
seems to cause as much anxiety as the loss of the 
sense of smell and taste. It has been estimated that 
we lose 1% of the sense of smell for every year we age 
over the age of 60.21 This means that if the average life 
expectancy is 85, most elderly will have lost at least 
25% of their sense of smell by the last year of life. The 
National Interview survey found that 40% of all the 
patients with a reduced sense of smell are over the 
age of 65.22 Murphy et al have found that 62.5% of the 
elderly over the age of 80 had some smell impair-
ment as defined by clinical olfactory testing.23

There are a variety of reasons for the reduced 
sense of smell in the elderly.24 First, olfactory recep-
tors may be reduced as a result of both aging and 
all of the infections and trauma that the upper nose 
may experience by late adulthood. Second, the olfac-
tory bulb is an extension of the brain and thus may 
experience similar problems found in other parts 
of the brain due to demyelination during aging or 
the effects of Alzheimer disease or dementia. Third, 
many of the diseases affecting the elderly can also 
affect the sense of smell, including diabetes, hypo-
thyroidism, liver disease, and renal failure. Fourth, 
medications and smoking have a profound effect 
on the nature of respiratory epithelium and neuro-
epithelium. Fifth, nutritional problems and malnu-
trition in the elderly can affect their sense of smell. 
Indeed, the rate of malnutrition in the elderly may be 
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Table 12.2 Causes of olfactory disturbances in the elderly patient

Neurologic
Alzheimer disease Parkinson disease Syphilis

Meningitis Temporal lobe epilepsy Transient ischemic attack

Paget disease Migraine Amyotrophic lateral sclerosis

Hydrocephalus Multiple sclerosis Myasthenia gravis

Endocrine/metabolic

Hypothyroidism Panhypopituitarism Cushing syndrome

Diabetes mellitus Addison’s disease Sjogren syndrome

Infections

Viral rhinitis Upper respiratory infection Rhinosinusitis

Fungal infection Acquired immunodeficiency syndrome Bronchiectasis

Influenza Rickettsial Lyme disease

Nutritional

Alcoholism Chronic renal failure Liver cirrhosis

Vitamin deficiency Zinc deficiency Protein malnutrition

Gout Whipple disease Total parenteral nutrition

Psychiatric

Schizophrenia Depression Anorexia nervosa

Hysteria Severe anxiety Seasonal affective disorder

Industrial exposure

Acetone Formaldehyde Lead

Nickel Potash Coal

Paint solvent Flour Mercury

Pepper Nitrous gases Cement

Medication

Codeine Morphine Cimetidine

Thiouracil Gold salts Tetracycline

Macrolides Neomycin Artovastatin calcium

Adrenal steroids Antivirals Cardiovascular/antihypertensives

Menthol Cocaine Amphetamine

Medical/surgical interventions

Total laryngectomy Rhinoplasty Thyroidectomy

Chemotherapy Craniotomy Adrenalectomy

Hemodialysis Flu vaccine Sinus surgery

Radiation therapy Gastrectomy Oopherectomy

Neoplasms

Esthesioneuroblastoma Nasal adenoCA Temporal lobe tumor

Frontal lobe glioma Meningiomas Aneurysms

Pituitary tumors Craniopharyngiomas Corpus callosum tumors

Adapted with permission from Murphy C, Doty RL, Duncan HJ. Clinical disorders of olfaction. In: Doty RL, ed. Handbook of Olfaction 
and Gustation, 2nd ed. New York, NY: Marcel Dekker; 2003:461–478.
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plaints of the elderly, a runny nose is high on the 
list. Many geriatric patients complain that they walk 
around all day with a tissue in hand, which inter-
rupts their eating and social activities. The elderly 
patient may also complain of postnasal drip, chronic 
cough, and sneezing, which are variations on the 
rhinorrhea complaint. In addition, many patients 
have upper respiratory problems in conjunction 
with their asthma. Some elderly patients have nasal 
obstruction and shortness of breath, which they may 
confuse with congestive heart failure or bronchial 
disease. Some elderly patients have rhinorrhea from 
prior occupational exposures in factories or from 
long-term smoking.

The most common form of rhinitis in all age 
groups is due to allergic rhinitis. Between 15 and 42% 
of the general population has some form of allergic 
rhinitis. It has been estimated that ~ 3 to 12% of the 
geriatric population has allergic rhinitis.30 Allergies 
and hay fever are due to type-1 hypersensitivity and 
are immunoglobulin E (IgE) mediated. External aller-
gens are trapped in the nose by its turbulent airflow 
and get deposited in the nasal mucosa, which is rich 
in mast cells. Mast cell mediators include histamines, 
leukotrienes, bradykinins, serotonin, and prostaglan-
dins, which are then expelled into the nose. There 
is an early- and late-phase response, which some-
times makes it difficult to determine what causes 
the allergic response in the nose and upper airways.31 
Although there is an age-related decrease in total 
serum IgE, the specific IgE levels remain the same in 
all ages, including the elderly.30 There are other related 
immune changes with aging, such as a reduction of 
IgG4, and with thymic involution the T cell function 
tends to decline.32 In addition there may be a decrease 
in cytokine production associated with old age that 
affects T helper cells. This may turn on the allergic 
response as one ages, even though some adults think 
that they have already outgrown the “allergy years.”

The diagnosis of allergic rhinitis needs to be by 
history and allergy testing—either skin or blood 
radioallergosorbent tests (RASTs). Many elderly 
patients live in older homes and are exposed to aller-
gens from collections of books, papers, and old fur-
niture. Many elderly patients have pets, who live and 
sleep with them and have the potential to cause sig-
nificant allergies. A good history will include these 
environmental factors. Some elderly patients will 
not tolerate normal skin testing because of dermal 
sensitivity, fear of a skin reaction, inability to stop 
medications that can affect the test, and the desire to 
avoid skin itching, which may prevent a good night’s 
sleep. Fortunately blood RASTs or modified blood 
RASTs can provide a good appraisal if significant 
IgE-mediated allergies are causing the nasal symp-
toms. The treatment of allergic rhinitis in the elderly 
includes antihistamines, antileukotrienes, topical 
nasal steroid sprays, and antihistamine sprays. The 

excessive esophageal reflux, which can dry the nose 
and cause hyposmia. Computed tomographic scan-
ning can be used prudently if there is a suspicion of 
chronic infection and a possible failure of appropriate 
medications. The use of magnetic resonance imaging 
should be limited and coordinated with the inter-
nist or neurologist if a workup of Alzheimer disease 
or other central neurological disorders seems indi-
cated. The likelihood of finding an olfactory tumor is 
extremely small.

The University of Pennsylvania Smell Identi-
fication Test (UPSIT) can be used to identify smell 
disturbances and to evaluate the efficacy of any 
therapy. This test includes 40 scratch and sniff odor-
ants. Most of the odorants relate to smell, but there 
are at least 6 that are trigeminal stimulants to reveal 
whether the patient is a malingerer or whether the 
patient has a global neurological problem affect-
ing more than one cranial nerve. Normative data 
are provided with the test for females and males 
based on their age. Women have a slightly better 
sense of smell at all ages, even into old age. The tests 
can be done with one or both nostrils open but are 
best done with both nostrils open. If the patient has 
some nasal congestion, a topical nasal decongestant 
can be used before the test, since the test is look-
ing for the integrity of the neural organ and not the 
nature of the nasal airway.

The treatment of smell disturbances is very lim-
ited compared with its high prevalence in the elderly. 
The treatment of anosmia is similar to the treatments 
for chronic rhinitis. The hallmark of this treatment 
is topical steroid sprays used morning and night 
bilaterally to open the nasal airway. In addition, oral 
steroids maybe an effective treatment because they 
reduce inflammation in the nose, sinuses, and brain. 
Their specific effect on the olfactory epithelium is 
to thin the mucosa. The long-term use of oral ste-
roids may have significant side effects on emotions, 
psychological status, and the stomach, which can 
be problematic in the elderly. If there are signs of 
chronic infection, then antibiotics should be used. 
Because the sense of smell is important to the sense 
of taste, the patient should be counseled to use non-
salt additives to enhance the smells and flavors while 
reducing the side effects of excessive salt intake.

 ■ Rhinitis in the Elderly
There are many forms of rhinitis in the elderly. 
Some of them are normal variations of rhinitis that 
affect every age group. Some of the common forms 
of rhinitis vary in their presentations in the elderly. 
There are also special forms of rhinitis that are more 
common in the elderly, such as gustatory rhinitis 
and vasomotor rhinitis. Of all of the common com-
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treat vasomotor rhinitis is to give ipratropium bro-
mide nasal spray, which is a topical anticholinergic 
agent freely soluble in water. It can be used several 
times a day when the patient is eating or uncomfort-
able, but it should be limited to maintain its fullest 
effect. It is recommended to start with the lower of 
two concentrations in most elderly patients. Sys-
temic decongestants can be used but are limited by 
their α-adrenergic effects on blood pressure, their 
ability to dessicate the nose causing atrophy, and 
their negative effect on sleeping.

Medications can also cause rhinitis in the geri-
atric patient. The elderly patient often takes several 
medications per day. Many of the medications com-
monly used by the elderly patient can cause rhinitis, 
including analgesics, angiotensin-converting enzyme 
inhibitors, diuretics, and lipid-lowering drugs. Most 
of the antidepressants and antipsychotics also 
cause a clear nasal rhinorrhea. The mechanism for  
medication-induced rhinitis is generally unknown, 
but in cardiac medications it may be due to changes 
in the sympathetic and parasympathetic tone. For 
example, α- and β-blockers inhibit sympathetic tone, 
which may cause vasodilation and a weepy nasal dis-
charge. The treatment of medication-induced rhini-
tis is to recognize the side effect and to withdraw the 
offending medication if possible (Table 12.3).33

secret for success in treating allergies in the elderly 
is to use medications only when needed (e.g., during 
allergy season), to enable patients to avoid known 
allergens (e.g., by suggesting use of dust mite covers 
on pillows and mattress), and to advocate prudent 
use of the topical nasal sprays in conjunction with 
water-based ointments or nasal saline sprays to limit 
side effects such as pain or bloody spotting. Immu-
notherapy is a scientific option but is usually avoided 
by most elderly who do not have the time, strength, 
or mobility to go for weekly injections. Oral steroids 
can be used for allergic crises or complications but 
must be limited due to their psychiatric, emotional, 
and gastrointestinal side effects.

The most common type of nonallergic rhinitis is 
vasomotor, which is an autonomic dysfunction. It is 
a combined parasympathetic and sympathetic dys-
function, which may cause simultaneous rhinorrhea 
and nasal congestion. This type of rhinitis is none-
osinophilic and may be caused by neurogenic reflex 
mechanisms. A variation of this is gustatory rhinitis, 
which is caused by eating or thinking of eating. In 
younger people, it is caused by the capsaicin in spicy 
foods, which causes a parasympathetic response. In 
the elderly patient, temperatures of food, oils, and 
other stimuli related to eating may turn on the nasal 
secretions without warning. The best method to 

Table 12.3 Drugs associated with medication-induced rhinitis

Type Drugs

Analgesics Aspirin and nonsteroidal anti-inflammatory drugs

Antihypertensives Angiotensin-converting enzyme inhibitors: enalapril, captopril, lisinopril

Angiotensin II receptor antagonist: eprosartan

Angiotensin blockers: doxazosin, indoramin, phenoxybenzamine, prazosin, 
tamsulosin, terazosin, carvedilol, propranolol, pindolol

Centrally acting antihypertensives: clonidine, methyldopa, reserpine

Diuretics: amiloride, chlorothiazide, hydrochlorothiazide

Postganglionic adrenergic blockers: guanethidine

Vasodilator: hydralazine

Antidepressants Alprazolam and citalopram

Antipsychotics Thioridazine, amitriptyline, perphenazine, chlorpromazine, risperidone

Hypnotics Chlomethiazole

Lipid-lowering drugs Niacin

Phosphodiesterase type 5 inhibitors Sildenafil, tadalafil, vardenafil

Miscellaneous Gabapentin, pergolide, cocaine

Adapted with permission from Nocon CC, Pinto JM. Clinical presentation and management of geriatric rhinitis. Aging Health 
2009;5(4):569–583.
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these chronic organisms. The most common types of 
chronic sinusitis are from coagulase negative staphy-
lococci, pseudomonas, other forms of gram-negative 
rods, and other forms of Staphylococcus aureus. It has 
been estimated that over 40% of the population is a 
carrier for some form of Staphylococcus in the front 
of the nose.

Biofilms may contribute to the treatment failures 
of chronic sinusitis in adults. Bacterial biofilms form 
when aggregates of bacteria form a matrix, which 
adheres to a surface such as the sinus or nasal lining. 
Phenotypic switching of bacterial forms may make 
the bacteria harder to remove. It is unclear whether 
the elderly have a greater or lesser chance of devel-
oping biofilms. However, the elderly often have been 
in hospitals more than younger adults and so may 
have been exposed to nasogastric tubes, nosocomial 
infections of intensive care units, and intubation 
tubes. Staphylococcus and Pseudomonas are common 
in these settings and can readily form biofilms.35

Fungal sinusitis is another common form of 
chronic sinusitis. There is invasive fungal sinus-
itis, which is rare, and opportunistic fungal sinus-
itis, which is more common. The secondary form 
is caused by Aspergillus species and Alternaria. Cul-
turing fungus is very difficult and may take up to 6 
weeks. Common cultures do not reveal fungus, but 
silver stains and periodic acid-Schiff stains can show 
fungus. Occasionally biopsies of the sinus lining may 
show fungus or fungal balls. Fungal sinusitis can 
be allergic and nonallergic. Its appearance on com-
puted tomographic (CT) scanning is usually that of 
an opacified sinus with a central hyperattenuation 
with possible mucocele formation. Aggressive fungal 
sinusitis can show erosion of the bony margins of the 
sinuses and expansion of the lamina papyracea. Any 
of these aggressive findings in the geriatric patient is 
an immediate indication for surgery.

 ■ Epistaxis in the Elderly Patient
Epistaxis is a very frightening problem for the elderly 
patient for several reasons. First, most patients do 
not know how to take care of the bleeding nose. Sec-
ond, the respiratory mucosa of the nose is more fri-
able in the elderly and may bleed more readily than 
in the younger adult. Third, the elderly patient may 
have high blood pressure, which will increase the 
bleeding. Fourth, the patient may be taking medica-
tions such as a daily aspirin or a blood thinner, which 
will dramatically increase the bleeding. This constel-
lation of issues makes epistaxis a significant worry in 
the elderly and a challenge for the patient and physi-
cian to treat.

Epistaxis is most common during certain times 
of the year. March, August, and November are the 

Another form of ill-defined rhinitis in the elderly 
is atrophic rhinitis. It may be due to dryness in the 
nose, glandular atrophy, loss of turbinate vessels, 
reduced mucociliary clearance, and direct changes in 
the respiratory lining of the nose. The combination 
of dehydration with the foregoing changes could lead 
to thick mucus in the nose and nasal congestion. A 
secondary form of atrophic rhinitis can occur after 
excessive nasal surgery, which results in a removal of 
the respiratory lining of the nose or turbinates. Radi-
ation therapy, asbestosis, granulomatous disorders, 
and sarcoidosis can also cause a form of atrophic rhi-
nitis affecting the elderly. The treatment of atrophic 
rhinitis is to return moisture to the nose by topical 
water-based gels, topical nasal saline, topical nasal 
saline gel sprays, humidification, and hydration.

 ■ Sinusitis in the Elderly Patient
Sinusitis and infectious rhinitis are as common in the 
elderly as in any other age group. Their diagnosis is 
often overlooked because of the high prevalence of 
other forms of noninfectious rhinitis. They are among 
the most common forms of chronic complaint in the 
geriatric age group.34 Infections in the sinuses result 
from anatomical changes violating Proetz’s prin-
ciples, bacterial or fungal infections of the sinuses, 
immunological deficiencies, mucous disorders, and 
ciliary dyskinesias. Thickened secretions from atro-
phic rhinitis or other antihypertensive or cardiac 
medications could also cause stasis in the osteome-
atal complex, which could predispose the patient 
to sinusitis. Maxillary sinusitis may be caused by 
infected maxillary teeth, failed bone grafts, or mis-
placed dental implants. The symptoms of sinusitis 
in the elderly include purulent rhinorrhea, facial 
pain, headaches, postnasal drip, anosmia, and cough. 
These symptoms may overlap with the normal rhini-
tis of aging and go unrecognized by the patient and 
the primary care physician.

The geriatric patient may suffer from short-term 
infections, recurrent infections, and chronic infec-
tions. The most common viral infections causing 
sinusitis include rhinovirus and coronavirus, which 
can affect all age groups. The most common acute 
bacterial sinusitis is caused by Streptococcus pneu-
moniae and Haemophilus influenzae type b. In the 
future, the use of vaccines against these two bacte-
ria will dramatically reduce their prevalence, but it 
will take at least another 40 years for the vaccines 
to reduce them in the elderly, because the vaccines 
were not introduced until the 1990s. The most 
common types of nosocomial acquired sinusitis is 
Staphylococcus aureus, Pseudomonas aeruginosa, and 
anaerobes. It is possible that the overuse of antibiot-
ics and contaminated irrigations may be the source of 
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anemia, infection, and uncontrolled hypertension. If 
there is a posterior bleed, then a posterior pack or 
a double balloon can be inserted. Placing posterior 
packs is difficult in the younger patient and can be 
very traumatizing and painful to the elderly patient. 
Water-based gels on the pack and local anesthetiz-
ing sprays should be used. The procedures need to be 
explained to the patient before they are performed, 
and the family should be encouraged to help the 
patient deal with the early discomfort. Every patient 
with a posterior pack or a balloon in the posterior 
nasopharynx needs to be admitted and placed in a 
monitored bed to avoid hypo-oxygenation due to 
nasopharyngeal reflexes.

If the patient comes into the office, the nose can 
be easily examined once the bleeding has slowed. If 
the site of the bleed is identified, then silver nitrate 
cauterization can be used. In the elderly, the anterior 
respiratory mucosa can be very thin, and bilateral 
cauterization should be avoided to prevent a pos-
sible septal perforation. If there is a more aggressive 
bleed, then electric cautery can be used, but topi-
cal anesthesia by spray or injection will be required. 
Every patient with epistaxis should have the poste-
rior nasopharynx checked for tumors or ulcers and 
the posterior sphenopalatine arteries checked for 
bleeding. Usually, one can pass a small fiberoptic 
scope through one side to examine both sphenopala-
tine arteries and both sides of the nasopharynx. This 
will reduce the discomfort to an elderly patient who 
is probably already uncomfortable from the anterior 
nasal manipulation and the stress of the bleeding.

Although most posterior packs are left in the 
younger adult patient for 48 to 72 hours, the elderly 
patient may not tolerate them for that long nor 
have the cardiac or respiratory reserve to merit it. 
The elderly are at greater risk for a cardiac event or 
respiratory arrest due to the lowered oxygenation. 
Some otolaryngologists would recommend going to 
the operating room to avoid posterior packs in the 
elderly. They believe it is easier to control the bleed-
ing with less cardiac stress and risk from the poste-
rior packs. The literature may even agree with this 
plan for younger patients. Patients must be compe-
tent to sign their own consent, or the family should 
be engaged early in the process so they understand 
the possible need for surgical control of the bleeding.

Even when the bleeding stops, the elderly patient 
is at risk of recurrent bleeding. This must be carefully 
and explicitly reviewed. These patients should use a 
bedroom humidifier for an extended period of time. 
They should also use ointment in the nose, prefer-
ably a water-based one at night time, so they do 
not inhale it by mistake and develop either a lipoid 
pneumonia or chronic unexplained cough. Patients 
should be examined in 1 to 2 weeks to make sure 
that they are adhering to the recommendations, to 
answer questions, and to recauterize if necessary. 

seasonal epicenters for epistaxis. This is due to the 
extreme weather changes, which may cause the 
anterior vessels on the septum to expand when 
going from a warm to a cold environment. If there 
is any irritation to the anterior septal mucosa or 
there is hard nose blowing, the vessels may become 
engorged and bleed. Because allergic rhinitis is com-
mon in the elderly, patients on average may be blow-
ing their nose more often, irritating these vessels. 
Winter may also dessicate the front of the nose and 
will promote easy bleeding. Any rubbing of the nose 
due to any form of geriatric rhinitis will also increase 
the risk of rubbing the anterior mucosa and causing 
additional bleeding. With the temperature chang-
ing early in the morning before sunrise, the nose has 
naturally to warm and humidify, which increases 
the chance that the combination of temperature and 
overnight dehydration of the nose can cause early 
morning bleeding.

The care of the elderly bloody nose is similar to the 
care of epistaxis in younger adults, with some small 
modifications. First, the patient should squeeze the 
nose at the area of the septum for at least 5 to 8 min-
utes. The Lee–White bleeding time for the average 
adult is 5 to 8 minutes. Most elderly patients need 
to be shown the correct site to squeeze and under-
stand that when the nose is bleeding 5 to 8 minutes 
seems like a very long time. The patient should be 
encouraged to sit down so as not to increase the 
blood pressure and to sit straight upright to avoid the 
discomfort of swallowing the blood and secretions. 
Most patients are impatient and run to the bathroom 
or lie down without touching their nose, which may 
increase the bleeding and the patient’s panic. If the 
patient is on daily aspirin (81 mg), this may double 
the normal bleeding time to 10 to 16 minutes, which 
may seem like an eternity to the elderly, scared 
patient.

There are several other maneuvers that elderly 
patients should be encouraged to do if the bleeding 
continues. First, they should place some ointment 
on the septum to reduce dryness near the bleeding 
site. Second, if they do not have a cardiac arrhythmia, 
they can try a small dose of a vasoconstricting spray 
in the nose, which may slow bleeding long enough to 
let local pressure be effective. Third, they can place 
some tissue in the front of the nose infused with 
ointment to increase the pressure on the septum if 
they do not have the strength to do it themselves. 
This tissue should be left in for over 30 minutes to 
reduce the risk of removing the new clot and restart-
ing bleeding.

Patients with recurrent bleeding should be sent 
to the emergency room. In the emergency room, a 
nasal pack or a preset nasal tampon can be placed into 
one or both sides of the nose. This will quickly stop 
the bleeding and give the emergency physician long 
enough time to check for a coagulation deficiency, 



12 Sinonasal Disease in the Elderly 127

of debridement. Any use of irrigations will need to 
be explained or shown to elderly patients, who may 
not remember the instructions when they get home. 
Written instructions with diagrams are essential, 
depending on the patient’s competence, memory, 
and family involvement.

Cultures of the nose and sinuses may be necessary 
in the patient with infection. Anterior swabs are easy 
to do but sinus cultures are a challenge in the elderly 
patient. Aspiration with a curved sterile suction may 
be performed atraumatically from the ethmoid and 
maxillary sinuses. If an endoscopically driven culture 
needs to be taken, then pediatric 2 mm endoscopes 
should be employed. This can be performed in the 
surgically opened sphenoid and frontal sinuses with 
ample preparation and anesthetic spray. The patient 
should lie down in a tolerable position, which is often 
at 30 degrees. Younger adults can be placed supine, 
but the elderly may have degenerative spine disease 
or significant reflux, which will limit their optimum 
positioning.

CT scanning of the nose and sinuses is often nec-
essary. There should be attention to the number of 
X-rays that patients receive and the rads they have 
had in the previous year. Many elderly patients have 
other diseases, such as malignancies, lung disease, 
or inflammatory bowel disease, which may require 
frequent CT scanning. Therefore, CT scanning of the 
sinuses should be reserved for those times when the 
diagnosis is in question, when there is an impend-
ing complication such as blindness or a brain abscess, 
or when there is a need for presurgical planning and 
CT guidance. An attempt should be made to have  
limited-radiation CT scanning, which should be 
done in conjunction with the radiologist. CT scan-
ning should not replace good medical judgment or 
be used routinely to document sinusitis that could be 
clinically documented.

 ■ Medical Therapy
Otolaryngologists are known to use many medica-
tions and sprays for the treatment of nasal and sinus 
disease. One of the great challenges for the physi-
cian is how to prescribe multiple medications to 
the elderly without interactions or side effects.36,37 
Therefore, the treatment of sinusitis in the elderly 
is problematic, because it involves simultaneously 
prescribing several different medications to reduce 
sinusitis symptoms. Treatment of sinonasal diseases 
is divided into five general groups. The first are med-
ications, which dry the nose or reduce allergic symp-
toms. The second are nasal sprays, which are steroid 
based, antihistamine, or mucous reducing. The third 
are antibiotics. The fourth are steroids. The fifth are 
inhaled medications.

Once an elderly patient bleeds, there is a greater risk 
of rebleeding, which most patients and families need 
to appreciate.

 ■  Examination of the Elderly 
Nose and Sinuses

All examinations of elderly patients should start 
with observation of how they breathe. The sound 
of their voice—whether nasal or clear—will give the 
observant physician an early sign of major nasal 
complaints. Sniffling and coughing will also highlight 
excess mucus in the nose or upper throat. Whether 
the patient is carrying a handkerchief or tissue will 
also indicate possible infection or rhinorrhea.

Although aging patients will need the same exam 
as younger adults, they may need different-sized 
instruments. If the patient is on blood thinners or 
long-term aspirin therapy, the nose should be care-
fully addressed. Most elderly patients will tolerate 
pediatric-sized specula. Although rigid endoscopes 
are frequently used in younger adults, the elderly 
patient may find them irritating and they can induce 
small amounts of bleeding. A fiberoptic endoscope 
will give similar information and allow examination 
of the nose, sinus ostia, nasopharynx, and larynx at 
the same time. The multiple smaller pediatric and 
infant fiberoptic endoscopes can be used atraumati-
cally and often without any mucosal irritation. If 
medication is needed, then small amounts of vaso-
constricting agents and local anesthetics can be used. 
The use of liquid cocaine should be avoided due to 
drug interactions, cardiac toxicity, and its negative 
effects on patients with arrhythmias and hyperten-
sion, conditions that are common in the elderly. If 
there has been bleeding in the past, then ointment 
can be applied to the nasal septum before examina-
tion to avoid further complications or pain.

Postoperative examination and nasal–sinus 
debridements may require a change in methodol-
ogy to be successful in the elderly patient. After 
sinus surgery, the sinus ostia need to be kept open 
and the sinuses cleaned of any retained secretions, 
clots, or polypoid changes. Elderly patients need to 
know before surgery that they will need one to four 
nasal sinus debridements. The surgeon needs to 
make clear that they will feel some discomfort, and 
that the procedure may take longer if they need to 
take several breaks. In addition to vasoconstricting 
agents and local anesthetics, the surgeon may want 
to have available nasal saline, antibiotic-infused 
saline, and other emollients to spray into the nose to 
reduce any dryness or irritation. If there were posi-
tive fungal or bacterial cultures from the sinuses at 
the time of surgery, then local sprays with antifungal 
agents and antibiotics should be sprayed at the time 
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Also, the stronger medications may place the elderly 
patient at greater risk of dehydration.

Steroids reduce inflammation and are the basic 
treatment of fungal infections of the sinuses. They 
also may cause gastritis and severe reflux. Some 
elderly patients may also develop steroid psychosis, 
with either euphoria or depression. These medica-
tions should not be avoided but the side-effects 
should be carefully discussed and understood by the 
elderly patient before taking them. Systemic antifun-
gal agents can be used if there are cultures show-
ing the type of fungus or the suspicion of fungus is 
high. Inhaled antibiotics and aerosolized antifungal 
agents are also available. Many elderly patients find 
the devices difficult to use and irritating to the nose. 
Just as with other medications, the single medication 
format for the aerosolized medications will help the 
elderly patient avoid medications that irritate them 
while identifying the drugs that may help them. If 
combination aerosols are used, the patient may want 
to stop all of them, which may limit the physician’s 
choice of medical therapy.

The neti pot and saline washes are commonly 
given for nasal and sinus disease treatment. The 
elderly patient may have a dry nose from natural 
reduction in the mucoserous glands and the use of 
other cardiac and antihypertensive medications. 
The saline washes help to clear the nose and provide 
necessary moisture. Showing patients how to use 
the bottles before they leave the physician’s office 
will improve compliance and proper usage. There 
are, however, several disadvantages to the saline 
washes that the patient and physician need to appre-
ciate. First, the bottles need to be kept clean daily 
and should not be stored in the bathroom, so as to 
reduce bacterial contamination. Second, the irriga-
tions should be done gently, because ear congestion 
from reflux up the eustachian tube is common and 
may reduce the hearing of the elderly patient who 
may already be wearing a hearing aid. Third, the 
water used should be distilled, because tap water 
may have a variety of heavy metals or small amounts 
of other contaminants. Fourth, the patient should be 
instructed in the use of the saline packets or how to 
mix their own combinations of salt and baking soda 
to provide the proper osmolarity and pH for the irri-
gating fluid.

 ■ Surgical Therapy
The indication for sinus surgery in the elderly is the 
same as in younger adults, with some modifica-
tions. The absolute indications include impending 
complications, such as blindness or brain abscess, 
severe unremitting headaches from the frontal or 

Decongestants are commonly given to dry the 
nose of excess secretions. Their benefit is that they 
can be given in small doses and can be long acting. 
For the geriatric patient, their use is problematic, 
however, since they elevate blood pressure; increase 
heart rate, which can induce arrhythmias; and dry 
the throat, which can cause coughing or preasthma 
and can cause sleep deprivation. Antihistamines are 
commonly given for allergic rhinitis but have many 
side effects. They may cause some dehydration and 
make the elderly patient overly sedated. Many of 
the newer antihistamines are 24-hour medications, 
which makes them difficult to split or reduce. As a 
rule of thumb, most geriatric patients should not 
take mixed medications because they may have 
multiple side effects. It is better to take one medica-
tion per pill and only take the minimum required to 
reduce symptoms. This will also make it easier for 
the patient to understand which pill will help a spe-
cific side effect and when to take it.

The steroid sprays are essential to reduce inflam-
mation from a variety of causes, including allergies, 
weather changes, and infection. There are different 
steroids in each of the sprays, with different preser-
vatives and spray formats. Some elderly patients find 
some of the odors, especially the flowery ones, to 
be noxious or irritating. Elderly patients need to be 
shown how to best use the sprays by pointing them 
away from the septum toward the ears and to lower 
the face when doing it to get better penetration 
deep into the lateral nose. Some spray bottles may 
be easier to use than others based on whether the 
patient has arthritis in the hands. For example, some 
spray bottles use a different thumb and finger com-
bination and others use a hand-squeezing technique. 
The physician should talk to the patient about hand 
dexterity before ordering multiple sprays, which 
may be expensive and difficult to introduce into the 
nose. Trying a sample spray bottle in the office will 
improve compliance and reduce buying medications 
that the elderly may find challenging to afford and 
difficult to manipulate.

Antibiotics are the hallmark of treatment for 
bacterial infections of the nose and sinuses. Many 
of the antibiotics have potential drug interactions, 
as shown in Table 12.4.38 The elderly patient should 
be given shorter-term and lower-dose antibiotics to 
avoid complications. If the medications are not work-
ing within 72 hours, then one may want to consider 
changing the antibiotics. The advantage of electronic 
medical records is that prior successful and failed 
therapies with antibiotics and their side effects can 
be more easily identified and retrieved. Some physi-
cians prefer to give long-term antibiotics lasting 3 to 
4 weeks to younger adults, a treatment protocol that 
is usually avoided in the elderly, who may find the 
long-term medications irritating to their stomach. 
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Table 12.4 Antibiotics with interactions with drugs commonly used by the elderly

Antibiotic Interacting drugs Effects
Macrolides Digoxin Increases effects

Theophylline Nausea, seizures, apnea

Viagra Increases effects

Lipitor Increases effects

Dilantin Increases level

Warfarin Increases PT and bleeding

Carbamazepine Nystagmus, ataxia, nausea

Steroids Increases effects

Clindamycin Erythromycin Increases effects

Diazepam Prolongs paralysis

Ampicillin Allopurinol Increases chance of rash

Tetracyclines Digoxin Increases level, toxicity for months

Antacids Decreases absorption

Barbiturates Decreases levels

Warfarin Increases chance of bleeding

TMP/SMX Diuretics Increases potassium and decreases sodium

Digoxin Increases levels

Cyclosporine Decreases levels, increases Cr

Warfarin Increases chance of bleeding

Methotrexate Increases bone marrow

Suppression

Phenobarbital Decreases sulfa absorption

Fluoroquinolones Insulin Alteration of blood sugar levels

Carafate Decreases absorption

Antacids and vitamins Decreases levels

Nonsteroidal anti-inflammatory drugs Increases central nervous system and seizures

Warfarin Increases chance of bleeding

Antiarrhythmics Increases Q-T interval

Caffeine Increases levels

Dilantin Alters levels

Aminoglycosides Furosemide Increases oto- and nephrotoxicity

Cisplatin Increases oto- and nephrotoxicity

Neuromuscular blockers Apnea

Flagyl Alcohol Flushing and diarrhea

Warfarin Increases chance of bleeding

Adapted with permission from Fairbanks DNF. Pocket Guide to Antimicrobial Therapy in Otolaryngology-Head and Neck Surgery. 13th 
ed. AAO-HNS; 2007:77–80.
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who have local anesthesia may be more uncomfort-
able, be unable to tolerate their own secretions or 
minor bleeding, and need the procedure to stop sev-
eral times due to variations in the blood pressure.

An essential question is whether one can perform 
nasal and sinus surgery safely in the geriatric patient. 
The overall answer is yes, with some limitations. Over 
the past 15 years there have been six papers and pre-
sentations that have addressed this question. Jiang and 
Hsu in 2001 looked at 171 geriatric patients who had 
surgery for chronic sinusitis. They found that there 
were good outcomes at all age groups, but a higher 
share of minor operative complications.39 Catalano et 
al in 2004 looked at a group of 100 geriatric patients 
(average age 74.5) who underwent minimally inva-
sive sinus techniques with 84% reporting a significant 
increase in quality of life standards. The only compli-
cation was epistaxis in 2%.40 Edelstein and Jackman 
in 2003 reported on a group of 63 elderly patients 
between the ages of 65 and 89 who had presented 
with similar complaints and symptoms as younger 
adults, all of whom underwent nasal and sinus sur-
gery. Remarkably, most of the patients needed nasal 
septal correction for access to their sinuses and had 
a greater prevalence of sphenoid sinus surgery than 
controls. The complication rate was unchanged, and 
there were insignificant differences in the younger 
versus older surgical groups.41

Ramadan and VanMetre in 2004 also asked the 
question whether complication rates were higher in 
the younger versus the geriatric group. The authors 
compared 46 patients over the age of 65 with a con-
trol group of 522 under 65. The complication rate was 
higher in the older group with a 22% rate versus 13% 
for the younger control group. They also found that 
there were more frontal and sphenoid surgeries due 
to more chronic infections involving sinuses, which 
were close to the brain and needed to be opened 
due to failure of medical therapy. There was a higher 
prevalence of bleeding in the older group at 6.5% 
versus the younger group’s 3.4%. The older group 
also had more postoperative periorbital ecchymo-
sis, especially in the revision cases.42 Colclasure et 
al in 2004 looked at 56 patients over the age of 61. 
Their patients had only endoscopic sinus surgery and 
all had improved Sino-Nasal Outcome Test (SNOT-
20) quality of life outcomes. The worst complica-
tions were postoperative crusting, and there were 
no major complications and no revisions within the 
first postoperative year.43 Busaba and Hossain in 2004 
looked at 40 geriatric patients who had septal and 
turbinate reduction surgery. Half of the patients had 
general anesthesia and half underwent the surgery 
with light sedation without any problems. Using the 
Short-Form Health Survey (SF-12) scores, the authors 
found a trend of improvement after the surgery for 
nasal breathing. They found improvement in postna-

sphenoid sinuses, severe cough from chronic sphe-
noiditis, and sinusitis resulting from complex dental 
problems that may put dental implants at risk. The 
relative indications are the same as in young adults, 
and the need for surgery will depend on the ability of 
the patient to tolerate medical therapy. Some geriat-
ric patients have multiple antibiotic allergies, which 
limits the options available to treat an infection. 
Some cannot take sprays with sulfites or with certain 
preservatives. Others cannot tolerate the symptoms 
of sinus infections or have had recurrent pneumo-
nia from their infections. The one thing to avoid is 
thinking that age-related rhinorrhea or anosmia will 
improve with sinus or nasal surgery.

The approach to geriatric patients is different 
than that for young adults needing nasal or sinus sur-
gery. First, the indications need to be clearly outlined 
to patients to overcome fear, which could lead them 
to avoid necessary treatment. Second, the surgeon 
should offer to have the same discussion within the 
scope of Health Insurance Portability and Account-
ability Act of 1996 (HIPAA) guidelines with any care-
givers in order that the caregivers understand and 
are capable of discussing the situation with patients 
and helping them with postoperative care. This may 
entail taking the patients back and forth to the hos-
pital for the surgery and to the doctor’s office for 
the necessary postoperative care. This postoperative 
“contract” with patients and families should include 
a reasonable review of the time needs over the first 
postoperative year when recurrences are prone and 
need to be avoided. Third, the surgeon needs to tri-
angulate with the primary care doctor to ensure 
that all of the preoperative testing and treatment 
protocols are performed. This may include changing 
the timing of medication and stopping blood thin-
ners for a few days preoperatively or admitting the 
patient to the hospital for a change in anticoagula-
tion. If there is a pacemaker and cautery is possible, 
then the electrophysiologist needs to be part of the 
discussion, or the appropriate bipolar cautery must 
be available. Fourth, any ophthalmological problems 
and vision changes need to be documented and a 
postoperative plan prearranged. The risks of surgery 
need to be balanced with the benefits of success and 
recorded in the chart as part of the preoperative risk 
assessment.

Fifth, do not take the anesthesia for granted. The 
patient may want to talk with the anesthesiologist 
in advance, particularly if there have been any prior 
anesthesia experiences the anesthesiologist should 
know about and plan for. Because of a weak voice or 
prior pneumonia or reflux, the choice of intubation 
or the use of a LMA should be predetermined. Gener-
ally, the elderly patient’s nasal and sinus surgery can 
be more safely performed under a light general anes-
thesia (level 1) than local with sedation. The patients 
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tion will shrink large turbinates without touching the 
mucosa. Sixth, although there is an urge to avoid sep-
tal surgery in the elderly to minimize the time spent 
under general anesthesia, the septal spurs need to be 
removed because most geriatric patients will not tol-
erate the cleaning and care needed for the sinuses if 
the nose hurts from the use of endoscopes. Seventh, 
the surgeon needs to appreciate the bony landmarks 
and the downside risks of violating the cribriform in 
the elderly patient, who may not recover easily from 
additional neurosurgery. Eighth, limit the use of vaso-
constricting agents and restrict the use of cocaine 
pledgets if the patient has severe cardiac disease. 
Ninth, prepare for postoperative complications by 
following the patient more closely, thinking of using 
minor packing or pledgets if there is any bleeding, 
and checking the patient more often in the recovery 
room until he or she is awake and ready to leave the 
hospital or surgical center (Table 12.5).

sal drip, rhinorrhea, and congestion, but not nasal or 
sinus pain or headaches. They note that there was a 
significant reduction in nasal medications postopera-
tively, which was one of the goals of the surgery. The 
study excluded patients who had chronic sinusitis.44

Halmos et al recently published on the comorbid-
ity, complications, and survival of sinonasal malig-
nancies comparing the younger adult under 70 with 
the elderly patient over the age of 70. As predicted, 
the comorbidities were greater in the older group, 
but, surprisingly, there was no significant difference 
in complications. The only predictor for complica-
tions was the length of surgery, which is similar for 
other surgery in the elderly. The elderly showed no 
change in survival based on cell type, but this may 
have been due to lower numbers of patients. The 
authors highlighted that preoperative evaluation and 
careful patient selection led to these excellent results 
in the geriatric patient with nasal tumors.45

Newer techniques such as balloon sinuplasty 
have a place in all sinus care but present special chal-
lenges for the elderly patient. Balloon sinuplasty can 
be done in the operating room as part of the surgi-
cal plan; however, it may pose many problems for 
the elderly patient if performed in the office setting. 
First, there may be a need for cardiac monitoring. 
Second, there is a need for larger amounts of anes-
thetics, which may have adverse cardiac effects and 
give patients a sense that they cannot swallow. Third, 
small amounts of bleeding may end the procedure 
prematurely. However, sinuplasty can open sinuses 
without significant manipulation and help the sur-
geon avoid a return to the operating room, which the 
elderly patient may want to avoid for a variety of rea-
sons. Once the ballooned sinuses are open, focused 
cultures can be taken and the sinuses can be further 
examined for other disease.

The surgical treatment of the nose and sinuses 
requires some small changes in the decision tree 
and surgical mapping for geriatric patients as com-
pared with young adults. First, the surgery should be 
carefully mapped out in advance and possible criti-
cal areas noted, especially in relation to the orbit and 
base of the skull. Second, there should be extra atten-
tion given to whether the patient had prior trauma 
near the eye, which would predispose the patient 
to periorbital ecchymosis or edema. Third, the area 
near the anterior ethmoid sinuses and anterior infe-
rior turbinate should be carefully touched to prevent 
lacrimal problems because the elderly already have 
a slightly higher prevalence of epiphora. Fourth, 
because the elderly may have a slower healing pro-
cess, there should be limited removal of any respi-
ratory mucosa, which will also limit crusting and 
scarring. Fifth, there should be limited removal of any 
turbinate tissue, because the geriatric nose can be 
dry from a variety of causes. Radiofrequency reduc-

Table 12.5 Key points in the surgical decision making 
in the elderly patient

 1.   Understand the absolute and relative indications for 
surgery

 2.   Discuss the surgery with all of the caregivers

 3.   Triangulate with the primary care doctor the 
necessary preoperative assessment and any pre- and 
postoperative care changes and needs

 4.   Document any ophthalmological problems 
preoperatively and involve the ophthalmologist 
intraoperatively and postop as needed

 5.   Do not take anesthesia for granted; plan ahead with 
anesthesiologist

 6.   Map out the surgery in advance and understand the 
pitfalls

 7.   Avoid nasolacrimal ducts, base of skull, and excessive 
removal of nasal, turbinate, or sinus mucosa

 8.   Consider septal repair for breathing and to prepare for 
postop care

 9.   Limit vasoconstricting agents

10.   Prepare for complications and consider patient’s 
tolerance for further surgery or manipulation

11.   Outline the postoperative “contract” with patients 
and caregivers

12.   See the patient as often as needed for examination, 
care, discussion of problems, and to answer questions
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care, and be ready for any irregularities in postop-
erative healing.

 ■ Conclusion
As the population ages, the number of patients 
over the age of 65 with rhinologic complaints will 
increase dramatically. Physicians need to differenti-
ate development in the fetal period from growth in 
childhood from the normal adult nose. They also 
need to appreciate the changes that occur to the nose 
in senescence. Most otolaryngologists treat the geri-
atric patient and are well equipped to understand 
the hearing loss of aging and the dysphonia or dys-
phagia of the elderly, but they are not equipped to 
appreciate the problems facing the aging of the nose 
and sinuses. Our medical treatments and surgical 
decision trees need to be modified, and our biases 
when dealing with the elderly changed, to adapt to 
an expanding pool of geriatric patients.

Sinus surgery for chronic sinusitis can be done 
effectively with good results in the geriatric patient. 
Nasal and sinus surgery can have excellent results 
so long as Proetz’s original principles, upon which 
all nasal and sinus surgery is based, are followed.46 
Patients must be properly prepared for the surgery 
and the immediate postoperative period, particu-
larly if they are going home. They must also under-
stand the need for close follow-up and cleaning of 
the sinuses, including debridement. Each patient 
needs to understand the surgical “contract” and 
the need to follow instructions, take postoperative 
medications, and make plans to return to the office 
as needed. The expectations of the patient, family, 
and surgeon need to be aligned. The patient’s pri-
mary care doctor needs to understand the indica-
tions and be on board to help with the preoperative 
assessment for anesthesia and with any changes in 
the patient’s medication protocols before and after 
the surgery. This will reduce the anxiety before the 
surgery, help the patient understand the goals, pre-
pare the caregivers to have time for postoperative 
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Taste and Smell in the Elderly
Richard L. Doty and Hussam F. Tallab

 ■ Introduction
It is well established that taste and smell function 
decline with age in a large proportion of the popula-
tion.1,2 Such decrements are not without consequence. 
For example, in a study of 750 consecutive patients 
presenting to our Smell and Taste Center with com-
plaints of chemosensory disturbances, 68% experi-
enced decreased quality of life, 46% reported changes 
in appetite or body weight, and 56% noted adverse 
influences on daily living or psychological well-being.3 
In another study of over 400 patients, many of whom 
were elderly, at least one hazardous event, such as fail-
ure to detect fire or leaking natural gas, was reported 
by 45.2% of those with anosmia, 34.1% of those with 
severe hyposmia, 32.8% of those with moderate 
hyposmia, 24.2% of those with mild hyposmia, and 
19% of those with normal olfactory function.4

This chapter provides an overview of the func-
tional and pathophysiological changes in the senses 
of taste and smell that are associated with aging. The 
goal is to provide the clinician with a basic under-
standing of these changes and information of value 
in treating and counseling older patients who pres-
ent with aberrations of these senses. Although smell 
dysfunction can be an early sign of several age-related 
diseases, most notably Alzheimer disease and spo-
radic Parkinson disease, the reader is referred else-
where for more detailed reviews on these topics.5,6

 ■  Basic Anatomy of the Taste and 
Smell Systems

The Oral Taste System

Chemicals that enter the oral cavity are sensed by taste 
receptors within goblet-shaped taste buds consisting 
of receptor, supporting, and basal cells (Fig. 13.1). 
Such buds, which number around 8,000 in humans, 
are embedded within the fungiform, foliate, and cir-

cumvallate papillae of the tongue (Fig. 13.2), as well 
as within the mucosa of the soft palate, uvula, epi-
glottis, rostral esophagus, and laryngeal surface of the 
epiglottis and spread caudally along the aryepiglottic 
folds, reaching peak density at the laryngeal side of 
the arytenoid tubercle. Some taste sensations, such 
as sweet, bitter, and savory (umami), are dependent 
upon G-protein-coupled receptor proteins located 
on receptor cell microvilli within the buds. Interest-
ingly, such proteins are rather ubiquitous throughout 
the body, being found within the linings of the larynx, 
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Fig. 13.1 Idealized drawing of longitudinal section of a 
mammalian taste bud. Cells of types I, II, and III are elongated. 
These cells have different types of microvilli within the taste pit 
and may reach the taste pore. Type IV are basal cells and type 
V are marginal cells. Classically defined synapses occur only 
between type III cells and nerve fibers. Many of the connecting 
taste nerves have myelin sheaths. (Reprinted with permission 
from Witt M, Reutter K, Miller IJ, Jr. Morphology of the periph-
eral taste system. In: Doty RL, ed. Handbook of Olfaction and 
Gustation. New York, NY: Marcel Dekker; 2003:651–677.)
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epiglottis, stomach, pancreas, and colon. In the gut, 
they infl uence chemical absorption, digestion, insulin 
release, and the metabolism of swallowed foods and 
beverages.7

Several mechanisms are involved in taste trans-
duction, depending on the tastant and its associated 
qualitative sensations.8,9 The taste receptors involved 
in sweet, bitter, and savory sensations fall into dis-
tinct G-protein receptor gene families. The gene 
family associated with sweet and savory sensations 
comprises three receptor genes (TAS1R–TAS1R3), 
whereas the bitter receptor gene family comprises 
over 60 receptor genes (TAS2R1–TAS2R60), although 
some are not found in humans or are pseudogenes. 
In contrast, salty and sour sensations are not medi-
ated by G-protein-related receptors. Salty taste, such 
as that produced by sodium chloride, requires disso-
ciation of the salt into Na+ and chloride (Cl−) ions. The 
diff usion of the Na+ ions through specialized mem-
brane pores on the receptor cells induces cell depo-
larization and transmitter release. Sour taste, such as 
that induced by hydrochloric acid, is similarly pro-
duced via protons (H+).

The neural projections of the peripheral human 
taste system are shown in Fig. 13.3. The taste buds 
on the anterior tongue are innervated by the chorda 
tympani branch of cranial nerve (CN) VII, which 
merges with fi bers of the lingual nerve. The taste 
buds on the palate are also innervated by CN VII with 
connections through the geniculate ganglion. The 
taste buds on the foliate and circumvallate papillae 
receive their innervation from the glossopharyn-
geal nerve (CN IX), whereas those on the larynx and 
esophagus are innervated by the vagus nerve (CN X). 
In all cases, the aff erents from the taste buds enter 
the brainstem and synapse within the nucleus trac-
tus solitarius (NTS), a structure that extends from 
the rostrolateral medulla caudally along the ventral 
border of the vestibular nuclei. The fi bers synapse in 
an orderly rostral to caudal fashion, those from CN 
VII being rostral to those from CN IX, which in turn 
are rostral to those from CN X.

Fig. 13.2 Schematic representation of the tongue demon-
strating the relative distribution of the four main classes of lin-
gual papillae, three of which have taste buds (indentations on 
insets represent taste buds). Taste buds are particularly plenti-
ful on the sides of the foliate and circumvallate papillae. Ebner 
glands secrete materials into the valleys between the latter 
papillae. The fungiform papillae can vary considerably in size and 
are more dense on the anterior lateral regions of the tongue.

VII being rostral to those from CN IX, which in turn 
are rostral to those from CN X.

Fig. 13.3 Course of peripheral taste nerves. 
FN, facial nerve; Ggl, geniculate ganglion; 
Ndgl, nodosal ganglion; Pgl, petrosal ganglion; 
SGP, superfi cial greater petrosal nerve; tm, 
tympanic membrane; Slgl, semilunar ganglion; 
SLN, superior laryngeal nerve; GLN, glossopha-
ryngeal nerve; CT, chorda tympani. (Reprinted 
with permission from Welge-Luessen A. Man-
agement of Smell and Taste Disorders. New 
York, NY: Thieme; 2013.)
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the mitral and tufted cells. The axons of the receptor 
cells secrete the excitatory amino acid transmitter 
glutamate, which activates both N-methyl-D-aspar-
tate (NMDA) and non-NMDA receptors on the den-
drites of the mitral, tufted, and other second-order 
neurons.14 Some cells intrinsic to the olfactory bulb, 
termed periglomerular cells, influence neural activ-
ity among glomeruli and are largely dopaminergic. 
These cells serve to modify the incoming signals and, 
when excessive stimulation occurs, suppress olfac-
tory nerve and mitral/tufted cell activity, in effect 
decreasing the volume of olfactory bulb output.15 
Cells expressing gamma-aminobutyric acid (GABA), 
located in the core of the bulb, are termed granule 
cells and extend processes into more peripheral 
bulbar layers and modulate olfactory bulb activity, 
in some cases as a function of bodily needs such as 
hunger or arousal.16 Interestingly, these cells, as well 
as several cells near the glomeruli, termed periglo-
merular cells, can be repopulated by neuroblasts that 
migrate from the subventricular zone of the brain 
through the anterior rostral migratory stream.17 
There is some controversy as to the degree to which 
this happens in humans.18

The second-order neurons within the NTS ascend 
ipsilaterally to the parvicellular division of the ven-
troposteromedial nucleus of the thalamus via the 
central tegmental tract.10 From this nucleus, projec-
tions are made to the primary taste cortex, a set of 
structures located at the junction of the anterior 
insula and the inner operculum. Further projections 
are then made to other structures, most notably the 
orbitofrontal cortex, in which interactions occur 
with neurons from the visual, somatosensory, and 
olfactory systems.

The Olfactory System

Unlike the taste system, the primary stimuli of this 
system are vapors. Odorants enter the nose by dif-
fusion or inhalation and dissolve in the mucus that 
overlies the olfactory neuroepithelium. This pseu-
dostratified columnar epithelium lines the cribriform 
plate, sectors of the superior septum, and both the 
superior and middle turbinates. Like the receptors 
involved in sweet, bitter, and savory taste sensations, 
the olfactory receptors are G-protein-coupled recep-
tors. They are embedded in the ciliary membranes of 
6 to 10 million bipolar receptor cells located in the 
neuroepithelium (Fig. 13.4).11 Nearly 400 different 
receptor proteins are expressed in humans. Inter-
estingly, each receptor cell expresses only one type 
of receptor protein. Unlike the mucus within the 
nasal epithelium, that of the olfactory region comes 
from specialized Bowman glands. These secretions 
are replete with numerous types of enzymes that 
degrade xenobiotics and odorants.12 Other cell types 
found within this specialized epithelium are (1) sup-
porting cells, which, among other things, insulate 
the olfactory receptor cells from one another; (2) 
microvillar cells, which likely secrete nitric oxide and 
play an antibacterial role; and (3) basal stem cells. 
The latter cells differentiate into the other cell types, 
replacing them when they sustain damage or death 
from xenobiotics, aging, or other processes.13 Unfor-
tunately, receptor cell restoration following damage 
is often incomplete or nonexistent.

The axons of the olfactory receptor cells coalesce 
within the lamina propria into multiple bundles, 
termed the olfactory fila. Each filum contains fas-
cicles ensheathed by glial cells with astrocyte- and 
Schwann cell mesaxon-like properties.11 The receptor 
cell axons course within the fila through the foram-
ina of the cribriform plate to synapse within the 
olfactory bulb, an outgrowth of the forebrain made 
up of neurons, nerve fibers, microglia, astrocytes, 
and blood vessels (Fig. 13.5). Considerable neural 
processing occurs within this structure. The axons of 
the receptor cells enter into sphere-like structures, 
termed glomeruli, where they synapse with den-
drites of the major projection neurons of the bulb, 

Fig. 13.4 (a) Cross-section of the human olfactory epithe-
lium. Four main types of cells can be discerned: bipolar recep-
tor cells (arrows point to largely denuded cilia at dendritic 
knobs); c, cell body; m, microvillar cell; s, sustentacular cells; 
b, basal cells. bg, Bowman gland; lp, lamina propria; n, collec-
tion of axons within an ensheathing cell; d, degenerating cell; 
bs, basal cell undergoing mitosis. (Photo courtesy of Dr. David 
Moran, Longmont, Colorado.) (b) A transition zone between 
the human olfactory epithelium (bottom) and the respiratory 
epithelium (top). Arrows signify two examples of olfactory 
receptor cell dendrites with cilia that have been cut off. Bar = 
5 mm. (Used with permission from Menco BPM, Morrison EE. 
Morphology of the mammalian olfactory epithelium: form, 
fine structure, function, and pathology. In: Doty RL, ed. Hand-
book of Olfaction and Gustation. New York, NY: Marcel Dekker; 
2003:17–49.)

a b
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The mitral and tufted cell axons exit the bulb via 
the olfactory tract to synapse in the ipsilateral tem-
poral lobe. Major projections include those to the 
anterior olfactory nucleus (AON), the piriform cor-
tex, the periamygdaloid cortex, and the rostral ento-
rhinal cortex (Fig. 13.6). Some tertiary connections 
to the opposite hemisphere occur via the AON and 
anterior commissure.

 ■  Age-Related Changes in Taste 
and Smell Perception

Most patients who complain of taste loss have, in fact, 
altered olfactory function that markedly alters fl a-
vors. This is because fl avor sensations such as choc-
olate, mint, pizza, apple, strawberry, and so on are 
dependent on stimulation of the olfactory receptors 
via the rear of the nasopharynx (so-called retrona-
sal route). Blocking the nose while eating, for exam-
ple, greatly decreases or eliminates fl avor sensation 
because active movement of air into the nasophar-
ynx from the oral cavity is signifi cantly impeded.

This section of the chapter specifi cally addresses 
age-related defi cits observed in taste and smell per-
ception, physiological processes that contribute 
to such defi cits, and medications associated with 
changes in chemosensation in the elderly. 

Mucus
Cilia
Olfactory receptor
neurons
Lamina cribosa
with rearranged
fila olfactoria

Glomerulus 1
Glomerulus 2

Periglomerular cell

Tufted cell

Reciprocal synapse

Mitral cell

Granule cell

Fig. 13.5 Schematic organization of the olfactory bulb. 
Arabic numbers indicate the cortical structure: 1, nerve fi ber 
layer; 2, glomerular layer; 3, external plexiform layer; 4, mitral/
tufted cell layer; 5, internal plexiform layer; 6, granule cell 
layer. Glomerular coding: Axons of receptor cell expressing 
the same olfactory receptor project to only a few analogous 
glomeruli (e.g., “blue” olfactory receptor neurons converge 
with “blue” glomeruli). Eff erent (bulbofugal, blue) fi bers proj-
ect from mitral/tufted cells to secondary olfactory structures; 
aff erent (centrofugal, gray) fi bers project either from contra-
lateral mitral cells or ipsilateral central nuclei and synapse to 
glomerular or granule cells, respectively. (Reprinted with per-
mission from Welge-Luessen A. Management of Smell and Taste 
Disorders. New York, NY: Thieme; 2013.)

lateral mitral cells or ipsilateral central nuclei and synapse to 
glomerular or granule cells, respectively. (Reprinted with per-
mission from Welge-Luessen A. Management of Smell and Taste 

Fig. 13.6 Simplifi ed schematic draw-
ing of the essential bulbofugal olfactory 
pathways, deriving from mitral cells of the 
olfactory bulb. The lateral olfactory tract 
carries direct connections to secondary 
olfactory structures (“olfactory cortex”), 
before tertiary olfactory structures are 
reached. Contralateral projections and 
other aff erents to the olfactory bulb are 
not indicated. (Reprinted with permission 
from Welge-Luessen A. Management of 
Smell and Taste Disorders. New York, NY: 
Thieme; 2013.)
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It should be noted that the detection of age-
related deficits depends not only on the oral regions 
that are assessed but also on the type of testing that 
is performed. In general, deficits are more marked 
when testing involves small regions rather than large 
regions of the tongue. Whole mouth swishing of tas-
tants stimulates multiple nerves and is less sensi-
tive to subtle deficits. An example of the age-related 
decline in sensitivity of smell regions of the tongue 
to NaCl is shown in Fig. 13.7.32

Suprathreshold perception of tastants is also 
altered by age. Thus, although young people experi-
ence a significant increase in the intensity of a taste 
stimulus as its concentration is increased, some 
older persons experience a more blunted perception 
with the increased intensity. In one study, the slope 
relating intensity magnitude estimates to tastant 
concentrations was decreased in older adults rela-
tive to younger adults by an average factor of 1.76 for 
bitter-tasting compounds and 2.06 for sweet-tasting 
compounds.38 However, in a recent meta-analysis of 
both threshold and suprathreshold deficits in older 
cohorts, only 64% (16/25) of the suprathreshold stud-
ies evaluated reported a significant age-related defi-
cit, as compared with 87% (20/23) of the threshold 
studies.19 Assuming these are accurate proportions, 

The Oral Taste System

Age-related decrements in the ability to detect low 
concentrations of tastants, as measured by taste 
thresholds, are well documented for both electrical 
and chemical stimuli. For example, a recent meta-
analysis identified 69 studies that have reported 
age-related declines in taste function, with most 
reflecting elevated olfactory thresholds.19 Threshold 
deficits have been found for all of the major taste 
qualities and include caffeine, citric acid, hydro-
chloric acid, magnesium sulfate, phenyl thiocar-
bamide (PTC), propylthiouracil (PROP), quinine, 
sodium chloride, sucrose, tartaric acid, and a large 
number of amino acids.20–34 However, the magnitude 
of the effects varies from stimulus to stimulus, and, 
in general, the effects of age seem to be greater for 
bitter tastants and the least for sweet tastants.35–37 
Few studies have explored when the age-related 
progression in dysfunction occurs. An exception 
is a recent study that obtained electrogustometric 
thresholds from 461 subjects ranging in age from 
15 to 94 years.22 These investigators concluded 
that taste loss typically began after the age of 60 
years, although in some tongue regions the deficit 
appeared a decade later.

Fig. 13.7 Age markedly depresses regional sensitivity to sodium chloride (NaCl). Mean (± SEM) sensitivity values obtained from 
12 young and 12 elderly subjects for NaCl presented to two tongue regions for three stimulation areas (12.5, 25, and 50 mm2) and 
three NaCl stimulus concentrations (0.01 M, 0.10 M, and 1 M). Note that the sensitivity of the older subjects was close to chance 
(0.5) in all tongue regions and for all stimulus areas assessed. Unlike the young subjects, greater sensitivity was not seen on the 
tongue tip than on a more posterior tongue site. (Reproduced from Matsuda T, Doty RL. Regional taste sensitivity to NaCl: relation-
ship to subject age, tongue locus and area of stimulation. Chem Senses 1995;20:283–290.)
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and Yearick found that elderly persons who received 
professional oral hygiene therapy three times a week 
for 5 weeks experienced a lowering of thresholds 
for sucrose and sodium chloride relative to a control 
group who were similarly visited by an oral hygienist 
who only inspected and swabbed the teeth.46

The Olfactory System

Major age-related decrements in the ability to smell 
are well documented.47–57 An example of the age-
related alterations in the ability to identify odors 
is shown in Fig. 13.8.53 Note that women, on aver-
age, outperform men at all ages and that men show 
an earlier decline in function than women. Impor-
tantly, the age-related decline in the sensitivity to 
odors also occurs for volatiles that enter the olfac-
tory region from the nasopharynx (i.e., vapors from 
ingested foods and drinks).58 Because the inten-
sity of retronasal odor perception is influenced by 
mouth movements that occur during deglutition,59 
some age-related decreases in flavor sensations may 
reflect fewer molecules reaching the receptor region 
as a result of decreases in the speed and magnitude 
of chewing and swallowing. Age-related declines 
are also present in the responsiveness of the nasal 
mucosa to chemicals that produce irritation and 

this difference could reflect either more sparing of 
suprathreshold function or a greater sensitivity of 
threshold tests to age-related alterations in taste 
function.

It should be emphasized that, on average, age-
related alterations in taste function are not the same 
for men and women. In general, older women do not 
exhibit as large a decrease in taste function as older 
men; as with olfaction, their age-related decline 
occurs somewhat later in life than that which occurs 
in men. This phenomenon may reflect a continuance 
of the sex differences that appear early in life39—a sex 
difference that can be discerned using a range of test 
procedures, including detection threshold tests,25,28 
recognition threshold tests,30,40 suprathreshold scal-
ing tests,41,42 and electrical taste threshold tests.43

Although, as described later in this chapter, most 
of the change in the ability to taste is dependent on 
changes in the physiology of the taste system, several 
factors can confound taste measures, including pre-
vious smoking history and oral hygiene. As noted by 
Bartoshuk et al,44 in some cases age-related decreases 
in taste sensitivity at low concentrations may reflect 
a “masking” background taste or mild dysgeusia that 
results in poor discrimination between the water 
control and the tastant. This concept is supported by 
observations that improvement of oral hygiene results 
in lowering of taste thresholds.45,46 For example, Langan 

Fig. 13.8 Scores on the University of Pennsylvania Smell Identification Test (UPSIT), a 40-item self-administered smell identi-
fication test, as a function of subject age and sex. Numbers by each data point indicate sample sizes. Note that women identify 
odorants better than men at all ages. (Used with permission from Doty RL, Shaman P, Applebaum SL, Giberson R, Sikorsky L, Rosen-
berg, L. Smell identification ability: Changes with age. Science 1984;226:1441–1443. Copyright 1984 American Association for the 
Advancement of Science.)



Geriatric Otolaryngology140

adults (70–90 years, n = 6).75 Marked variability was 
observed at all ages—variability that likely obscured 
any age-related alterations. Mistretta and Oakley 
found the average percentage of fungiform papillae–
containing taste buds in Fischer 344 rats aged 4 to 6 
months, 20 to 24 months, and 30 to 37 months to be 
99.6%, 99.3%, and 94.7%, respectively.74

McBride and Mistretta77 observed decreased neu-
ral responses to some salts, acids, and sugars in neu-
rophysiological recordings from the chorda tympani 
nerves of older rats, even though they found no evi-
dence of a decrease in taste bud numbers.74 Possible 
explanations of this phenomenon include changes in 
the epithelium that might hinder movement of tas-
tants into taste pores, decreases in intrinsic reactivity 
of taste receptor cells, lowered taste nerve respon-
siveness, and decreased neural innervation of taste 
buds by taste fibers. Importantly, taste buds function 
in a complex milieu in which they are bathed with 
other secretory products, such as Ebner gland secre-
tions around the foliate papillae, which themselves 
may undergo age-related changes.

Relatively little is known about changes in central 
nervous system taste pathways that may be influ-
enced by aging. One functional magnetic resonance 
imaging (fMRI) study reported that relative to young 
adults, older adults exhibited, especially when hun-
gry, more frequent and consistent positive activa-
tion in brain regions associated with gustatory and 
reward processing such as the amygdala, caudate 
nucleus, and orbitofrontal cortex. However, the two 
groups had equivalent psychophysical detection 
thresholds for citric acid, sucrose, NaCl, and caffeine.

Taste distortions (dysgeusias) or hallucinations 
(phantogeusias) are not uncommon in the elderly. 
Fortunately, most such disorders, which can be 
quite debilitating, resolve over time, although in 
some cases such resolution can take years.78 Sev-
eral dysgeusias and other taste-related problems of 
the elderly may be related to their medications, and 
polypharmacy may be a significant determinant. 
According to the Physician’s Desk Reference (PDR), 
numerous medications commonly prescribed for the 
elderly are associated with taste-related side effects, 
as reflected by such terms as loss of taste, altered taste, 
ageusia, taste loss, dysgeusia, bad taste, hypogeusia, 
bitter taste, metallic taste, unpleasant taste, and salty 
taste.79 Major offending medications include antimi-
crobials, antifungals, antihypertensives, antihyper-
lipidemics, and antidepressants.80 About 70% of the 
antihyperlipidemic drugs listed in the PDR are asso-
ciated with taste side effects, including atorvastatin 
calcium, fluvastatin, pravastatin, lovastatin, and sim-
vastatin. Over a third of antihypertensives have been 
reported to have adverse taste side effects, including 
calcium channel blockers, diuretics (e.g., amiloride), 
and angiotensin-converting enzyme (ACE) inhibi-
tors. Captopril is more frequently associated than 

other skin sensations via the free nerve endings of 
the trigeminal (CN V) nerve.60

In general, individuals who exhibit comparatively 
low sensitivity to one odorant exhibit low sensitivity 
to others, whereas those who evidence comparatively 
high sensitivity to an odorant typically evidence high 
sensitivity to others. Such observations suggest that 
a “general olfactory acuity” factor exists, analogous 
to the general intelligence factor derived from items 
of intelligence tests.61,62

 ■  The Physiological Basis for Age-
Related Chemosensory Deficits

In both the taste and smell systems, age-related 
changes in the number of functioning receptor ele-
ments occur.

The Oral Taste System

Intuitively one would expect an age-related decline 
in taste function to reflect an age-related decline in 
the number of taste buds or taste cells. In general, 
detection thresholds and the perceived intensity 
of tastants presented to small areas of the anterior 
tongue are proportional to the number and density 
of fungiform papillae and taste buds within the stim-
ulated regions.63–68 The number of stimulus sensa-
tions derived from stimulation of individual papillae 
correlates with the number of taste buds present in 
the papillae, as determined from autopsy.69

Declines in taste bud numbers with age depend 
on the specific tongue regions evaluated. Age-related 
declines in taste bud numbers have been reported 
within the epiglottis and the circumvallate papilla.70 
For example, Mochizuki reported the following fig-
ures from such papillae: from 0 to 20 years, 242 taste 
buds; from 21 to 60 years, 196 taste buds; and from 
61 to 90 years, 116 taste buds.71 Such declines are not 
apparent in taste bud numbers from the anterior and 
medial regions of the tongues of rodents, monkeys, 
and humans.72–75 For example, Arvidson found no 
age or sex differences in taste bud numbers in 182 
fungiform papillae collected, at autopsy, from 22 per-
sons ranging in age from 2 to 90 years.76 Although the 
number of taste buds in a single papilla varied from 0 
to 27, 63% of the papillae had no taste buds at all, 26% 
had 1 to 3 buds, and the remainder had 4 or more 
buds. Among individuals, the mean number of taste 
buds per papillae varied from 0 to 9. Miller found no 
statistically meaningful relation between age and 
taste bud densities on either the tip or the midregion 
of tongues from young adults, although the sample 
sizes were small for young adults (22–36 years, n = 
5), middle-aged adults (50–63 years, n = 7), and old 
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is evidence that environmental factors likely swamp 
age-related genetic factors in determining the degree 
of olfactory function in the elderly.94

Age-associated changes also occur at the level of 
the olfactory bulb and in some higher brain struc-
tures. Olfactory bulb size declines with age in humans 
and other animals,95–97 reflecting to some degree a 
lack of trophic factors from damaged olfactory epi-
thelia.98–102 Interestingly, the olfactory bulbs of more 
than 40% of nondemented persons 50 years of age 
and older exhibit neurofibrillary tangles (NFTs).103

In a series of elegant rat studies, Hinds et al pro-
vide evidence that much of the age-related change 
in olfactory bulb volume is probably secondary to 
the loss of trophic factors from damaged receptor 
cells. In one study, such volumes were evaluated 
concurrently with alterations in the olfactory epi-
thelium.104 A decline in mitral cell body sizes was 
preceded by a decline in receptor cell numbers on 
the septal epithelium.

 ■ Summary and Conclusions
It is apparent that chemosensory disturbances are 
very common in the older population and can sig-
nificantly impact a patient’s quality of life, nutrition, 
safety, and both psychological and physical health. 
Despite advances in understanding age-related che-
mosensory disturbances, the structural and func-
tional bases of many such disturbances are multiple, 
interacting, and complex. Among the disorders that 
are common in older populations are distortions 
of taste and smell. Fortunately, many such distor-
tions resolve spontaneously, although resolution can 
take, in some cases, many months.78 Although not 
addressed in this review, it is important for the clini-
cian to be aware that olfactory dysfunction can be an 
early “preclinical” sign of such age-related diseases as 
Alzheimer disease and sporadic Parkinson disease.5,6

any other ACE inhibitor, with complaints of ageusia, 
metallic taste, and taste distortion.81,82 This drug can 
make sweet-tasting foods taste salty, and can pro-
duce chronic bitter or salty sensations, presumably 
by directly altering ion channels.83 Drug discontinu-
ance usually reverses the taste disturbance within a 
few months, although in rare instances dysgeusias 
fail to resolve even after many months.

The Olfactory System

Age-related changes in the nature and integrity 
of the human olfactory epithelium are well docu-
mented and include a decline in the number of 
receptor cells, thinning of the epithelium as a 
whole, and alterations in the zonal distribution of 
the nuclei of several cell types within the epithe-
lium. Pockets of respiratory epithelium commonly 
enter into regions previously inhabited by olfactory 
epithelium, resulting in a spotty, cheesecloth-like 
appearance of the region.84–87

Such changes appear to result from a combina-
tion of environmental and physiological factors. In 
rodents, epithelial damage can be induced by expo-
sures to airborne toxins, such as 3-methyl indole, 
which mimic to some degree the pathological con-
sequences of aging.88,89 Interestingly, rats reared 
in a pathogen-free environment do not show the 
age-related changes seen in rats reared in a normal 
laboratory environment.90 Cumulative induction 
of olfactory epithelial damage is believed to have 
occurred in many older persons from exposures to 
environmental xenobiotics such as viruses, bacteria, 
and elements of air pollution. It is noteworthy that 
age-related declines occur in the epithelial expres-
sion of phase I and phase II xenobiotic metaboliz-
ing enzymes, including glutathione, carnosinase, 
S-transferases, heat-shock protein 70, and cyto-
chrome P-450 isoforms, potentially predisposing 
older epithelia to environmental damage.91–93 There 
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Inhalant Allergies and Asthma  
in the Geriatric Population
Karen H. Calhoun

 ■ Introduction
Tradition says that older adults are less likely to suf-
fer from allergies, but recent studies show that many 
elderly people do suffer from allergic diseases and/or 
asthma.1 Because there is a general lack of awareness 
that geriatric atopy occurs, it is often excluded from 
the differential diagnosis in older patients present-
ing with nasal congestion, postnasal drip, rhinor-
rhea, cough, wheezing, or shortness of breath.

In the geriatric patient, there are numerous 
causes other than atopy that may present with nasal 
congestion or cough. Some of these include vasomo-
tor or gustatory rhinitis, chronic obstructive pulmo-
nary disease (COPD), and bronchitis, all of which are 
common in the geriatric population. Add to this the 
multiple comorbidities often present, and the gen-
eral lack of knowledge that allergies occur in elderly 
patients, and it is no surprise that clinicians often fail 
to consider geriatric atopy. Overlooking this impor-
tant entity deprives the elderly of appropriate treat-
ment, symptom relief, and, ultimately, improvement 
in quality of life.2

 ■  Why Assume Allergies Are 
Uncommon in the Elderly?

Immunosenescence is defined as aging of the 
immune system. This affects both the innate and the 
adaptive immune systems, with a general decrease in 
immunocompetence. Consequent to this decreased 
immunocompetence is an increase in chronic and 
infectious diseases among the elderly.3,4 There is 
decreased function of B and T cells, with a reduction 
in diversity among both populations.1 With aging, 
the response to many vaccines is less robust. For 
example, administering a flu vaccine in young adults 
causes a response in 70 to 90% of people, whereas 
a similar vaccination in older patients results in a 
response of only 17 to 35%.1,5

The lower vitamin D levels found in many older 
patients also hinder a vigorous immune response.1 
Vitamin D promotes the function of antigen-pre-
senting cells (APCs) and T cells. A lack of vitamin D 
can hinder the induction of T-regulatory (Treg) cells 
and the development of tolerance, which is a crucial 
part of the allergy immunotherapy response.

Collective consideration of these facts may help 
explain why many clinicians assume allergy and 
asthma are rare in the elderly.

 ■  Incidence of Allergies  
in the Elderly

Allergies affect ~ 20% of the population worldwide. 
The general assumption is that this is proportion-
ally higher in younger patients, with a slow steady 
decline as patients age.

Several studies have shown an age-related 
decrease in total and specific immunoglobulin E 
(IgE).1,6 Skin prick testing (SPT) was positive in 28.4% 
of patients referred to an Italian allergy unit, but this 
was a selected population of elderly people who had 
allergy symptoms.7 Karablut et al looked at geriatric 
patients with symptoms of allergic rhinosinusitis 
(AR) compared with a young control group. The rate 
of SPT positivity was ~ 50% in the older group and  
~ 75% in the younger control group.8

There are, however, also data suggesting that 
allergies do not decrease substantially with aging. 
DiLorenzo et al found no changes in serum IgE or 
T-helper cell type 2 (Th2) cytokines with aging.9 A 
survey of 109 geriatric nursing home patients (mean 
age 77) tested by interview, SPT, and serum total 
and specific IgE (sIgE) reported a positive SPT and/
or sIgE in ~ 40% of those tested.10 A large Swiss study 
using in vitro testing showed the incidence of atopy 
in men under versus over 60 to be ~ 36% versus 26%, 
and in women 31% versus 18%.11 Another researcher 
noted that severe allergies are worse as the nasal  

14
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(odds ratio 13).16 In Baltimore, Huss et al noted 
that, of 80 asthmatic patients over age 65, 75% had 
at least one positive SPT.17 Ariano et al documented 
that, among patients with asthma, 72% had at least 
one positive SPT.18 Jackola et al demonstrated no 
age-related difference in the incidence of ragweed 
allergy among asthma patients.19 Parameswaran et 
al reported that a history of atopy was a very strong 
predictor of asthma among the elderly.20

 ■  How Are Allergy and Asthma 
Best Diagnosed in the  
Geriatric Population?

As with most things in medicine, diagnosis begins 
with a thorough history and physical examination. 
The history may contain clues such as seasonal-
ity (worse symptoms in spring suggests tree pollen 
allergies), location (symptoms occurring in a musty 
basement may be due to mold), or proximity (visit-
ing a friend who has a cat always results in wheez-
ing). Daily symptom scores and records of medication 
use can be used to estimate the severity of allergic 
disease. On physical examination, there may be 
“allergic shiners” (dark circles under the eyes due to 
venous congestion) or an allergic crease on the nose 
(horizontal wrinkle just above the lower lateral car-
tilages due to habitual rubbing of the hand upward 
under the nose), or even frank wheezing. Speculum 
examination of the nose or endoscopy often reveals 
edematous mucosa, which is typically pale or faintly 
bluish in color.

Diagnosis is confirmed with allergy testing, in 
vitro testing (measuring levels of antigen-specific 
IgE in the serum), or skin testing (applying small 
amounts of potential allergen into the skin look-
ing for stimulation of histamine release). Skin test-
ing can be either epicutaneous (SPT) or intradermal 
dilutional testing (IDT).

SPT is performed with concentrated antigen, 
usually 1:20 weight to volume (w:v) or equivalent. 
Because the IDT inserts antigen deeper into the skin 
where there are more reactive cells, more dilute 
solutions of antigen are used. Classic IDT uses serial 
injections of each antigen, ranging from very dilute 
(dilution no. 6, or 1:312,550) to more concentrated 
(dilution no. 2, or 1:500). Positive histamine and 
negative saline controls are used in both types of 
testing, with a negative glycerine control sometimes 
also used. There are also methods of combining these 
two techniques, as in modified quantitative testing.21

Other testing used mainly in research includes 
nasal provocation (insufflation of allergen into the 
nose while measuring the nasal airway before and 
after using acoustic rhinometry) and conjunctival chal-
lenge (applying allergen directly to the conjunctiva).

mucociliary clearance time lengthens, which typi-
cally happens with aging.12

We can accurately conclude that allergies do exist 
among those over the age of 65 in numbers that are 
clinically meaningful. If there is, in fact, a lower inci-
dence of inhalant allergies in the elderly compared 
with the young, this may mean that allergies occur 
in a greater percentage of the young population and 
decrease in that same population over time. When 
today’s 70-year-old was age 10, however, the overall 
incidence of allergies was substantially lower than it 
is in today’s 10-year-olds. Perhaps today’s lowered 
measured incidence of allergy in the older patient 
represents the constant rate of allergy in an aging 
cohort, rather than a diminution of allergy over that 
person’s lifetime. Only future longitudinal studies 
will distinguish between these two possibilities.

 ■ Incidence of Asthma
The overall incidence of asthma in individuals over 
the age of 65 is often quoted as being 6 to 10%.1 One 
study in Texas of the elderly reported a 6.3% inci-
dence of asthma, with another 9% having “probable 
asthma.”13 A Korean study of over 2,000 people noted 
an incidence of asthma (based on a questionnaire 
and methacholine challenge) ranging from 2% in 
those under 40, to 12.7% in those 65 or older.14 In the 
aforementioned large Swiss study, a little over 8% of 
those under 60 had asthma, compared with ~ 7% for 
those over 60.11

Older patients are more likely to have wheezing, 
shortness of breath (SOB), and cough than younger 
age groups. These presenting symptoms may be 
presumed to indicate conditions known to be more 
common in the older age group (COPD, bronchitis, 
congestive heart failure) without investigating the 
possibility of a reversible component. This can lead to 
major clinical difficulties. It is noteworthy that asthma 
deaths in younger patients are decreasing, whereas 
asthma mortality is increasing in older patients. Part 
of this problem may stem from an inaccurate diagno-
sis in the elderly to begin with. Hospens et al noted 
that, among geriatric patients with respiratory prob-
lems, the  presence of airway hyperreactivity was 
associated with a more rapid decrease in pulmonary 
function and significantly worse exacerbations.15 Spi-
rometry is accurate in the elderly11 and can be used 
in the office setting to reliably distinguish reversible 
from irreversible obstructive pulmonary disease. This 
useful tool helps prevent the misdiagnosis and conse-
quent inappropriate treatment of a respiratory prob-
lem such as COPD when it is actually asthma.

A large significant percentage of asthma in the 
elderly has allergic triggers.16 King et al described sig-
nificantly more inhalant allergies in elderly patients 
with asthma compared with those without asthma 
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performing in vitro allergy testing, it is good prac-
tice to also obtain a measurement of total serum IgE. 
In vitro testing is reserved for the specific situations 
listed in Table 14.1.

If in vitro testing is negative and total IgE is ele-
vated, further in vitro testing may be illuminating 
because clinically significant atopy is likely. If in vitro 
testing is negative and total IgE is in the normal range, 
testing can either stop at that point or continue to 
skin testing, depending on the degree to which the 
potentially allergic symptoms affect the patient.

 ■  Trouble-Shooting Allergy  
Skin Testing

Antihistaminic medications must be stopped ~ 10 
days before allergy skin testing to permit stimulation 
of an adequate histamine response.

For some patients who have difficulty discontin-
uing antihistamines, a brief oral steroid burst when 
the antihistamines are withdrawn may help control 
severe symptoms before testing. Oral steroids do not 
interfere with allergy skin testing. Monoamine oxi-
dase inhibitors and tricyclic antidepressants should 
be stopped ~ 5 days prior to testing.

Beta-blockers are withheld for 2 to 3 days prior 
to testing, if permitted by the prescribing physician. 
For a patient on a cardioselective β-blocker that can-
not be stopped for 2 to 3 days to permit skin testing, 
slow, cautious skin testing is generally safe. Because 

A final confounder in the diagnosis of inhalant 
allergies is local allergic rhinitis (LAR).22,23 This is a 
condition where allergic symptoms are present, per-
haps even a response to antihistamines, but skin and 
blood testing are negative. In some of these patients, 
sIgE is present in nasal secretions, brush biopsy, 
washings, or tissue biopsy. Rondón et al reported 
the presence of local nasal sIgE in ~ 40% of patients 
who had previously been assigned a nonallergic 
diagnosis.24,25

 ■  How Does Aging Affect Allergy 
Testing?

Although the mechanics of in vitro testing are 
unchanged by age, this investigation is widely regarded 
as less sensitive than skin testing. Skin changes with 
aging as skin histamine response declines, with atro-
phy of the epidermis and dermis and a decrease in 
collagen and cellularity. Solar damage can cause 
false-negative skin test results.26–28 Some suggest that 
these age-related skin changes generally increase the 
chance of false-negative testing, and even suggest 
that we may need different criteria for the interpreta-
tion of skin testing in geriatric patients.

One possible alternative is to follow negative 
SPT with IDT in the elderly patient. An older study 
by Nelson et al addresses the question of whether 
negative SPT in older patients with a positive aller-
gic history should be followed by IDT.29 In this report, 
patients were divided into four groups based on his-
tory, SPT results, and IDT results. Group 1 had a posi-
tive history, negative SPT, and positive IDT. Group 2 
had a positive history and positive SPT. Group 3 had 
a positive history and negative SPT and IDT. Group 
4 had a negative allergic history and negative SPT. 
When they defined AR as having a positive response 
to nasal challenge and having current symptoms, 
the incidence of AR was 46% in group 2 and zero in 
the other three groups. In other words, in this study, 
finding a positive IDT after negative SPT did not iden-
tify clinical allergic rhinitis.

 ■  Who Should Be Tested and 
How?

Any patient, old or young, with symptomatic asthma, 
rhinitis, or conjunctivitis should be considered for 
allergy testing. In addition, patients with sinus dis-
ease severe enough to warrant endoscopic sinus sur-
gery (ESS) should be allergy tested if there has been 
no such testing within the past 5 years. Allergy skin 
testing is more sensitive and is therefore preferred 
to in vitro testing when practical and safe. When 

Table 14.1 Indications for in vitro allergy testing 
rather than skin testing

Comorbidities that put the patient at high risk for 
cardiovascular instability—could increase the morbidity/
mortality if a systemic reaction occurred  

Patient taking a β-blocker, including β-blocker eyedrops—
if epinephrine is required for a systemic reaction, the 
unopposed α-effect could be challenging to manage

Poorly controlled asthma—puts the patient at higher risk 
for developing a systemic reaction

Antihistamines cannot be stopped (severe urticaria, etc.)—
suppresses skin wheal responses

Dermagraphism or other widespread dermatitis—makes 
accurate interpretation of wheal size difficult

Negative skin testing with high total serum 
immunoglobulin E (IgE)—suggests that atopy exists

Pregnancy—remote risk of fetal compromise if a severe 
systemic reaction occurs
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possibly if a patient requires a very low-sodium diet, 
although if irrigation is done properly, minimal salt-
water is swallowed.

When considering medications for treatment of 
allergies in older patients, polypharmacy, comorbid-
ities, and general frailty must be considered.1,8 The 
package inserts of almost all medications mentioned 
here include some statement similar to “insuffi-
cient numbers of patients over 65 have been tested 
to know if dose or other adjustments are necessary 
for patients in this age group.” Dosing as will be 
described here is an extrapolation of information for 
patients 18 to 64 years old.

Nasal steroid sprays are generally a good choice 
for the elderly because their primary effects are local 
rather than systemic, and they have few worrisome 
interactions with other medications.31

There has been concern about the use of nasal 
steroids in the elderly because of their potential 
to increase intraocular pressure (IOP) and worsen 
glaucoma. Two recent studies have failed to show 
increased IOP after short-term nasal steroid use. One 
study in which IOP was measured in patients with 
nasal polyposis before and after 1 month of treat-
ment with intranasal budesonide irrigations found 
no increase in IOP.32 In another study, IOP was mea-
sured before and showed no change after 6 weeks of 
nasal beclomethasone spray in patients with known 
ocular hypertension or controlled glaucoma.33 Bui et 
al arrived at different results when they studied IOP 
in patients with glaucoma who were currently using 
nasal steroids. IOP was measured before the nasal 
steroid spray was discontinued, then at 5 weeks and 
again at 27 weeks following cessation. There was a 
significant decrease in IOP after cessation, of suffi-
cient magnitude to delay additional glaucoma treat-
ment in many.34

This author’s recommendation for nasal ste-
roid spray is to use it in patients with no history of 
increased IOP or glaucoma who have had an ophthal-
mological examination within the past year. If there 
has been no recent examination, it is prudent to 
obtain an ophthalmology assessment documenting 
IOP prior to starting nasal steroids. When IOP eleva-
tion or glaucoma is known to exist, decisions about 
initiating or continuing nasal steroid sprays are 
best undertaken in consultation with the patient’s 
ophthalmologist.

Topical nasal antihistamines constitute another 
localized treatment option, although they are asso-
ciated with modest systemic absorption. Topical 
nasal azelastine and olopatadine both carry cautions 
about use with alcohol or other central nervous sys-
tem (CNS) depressants.35,36 In addition, unfortunately, 
some older patients have dexterity/arthritis/demen-
tia issues, making nasal or oral inhalers more diffi-
cult to use than pills.

the risk of a systemic reaction is related to the total 
allergic load applied, the tests are applied slowly. If 
multiple large reactions occur, the remainder of the 
testing is spread out over one or more additional 
days. Multiple recent articles suggest that the risk 
associated with a cardioselective β-blocker is lower 
than that with one like propranolol, and that the 
overall risk of a β-blocker and allergy skin testing 
may have been overestimated.30

If SPT is performed and the histamine (positive) 
control is very small, it is useful to apply the IDT con-
trols. Provided these are satisfactory, IDT is offered 
to the patient. If the SPT saline (negative) control is 
positive, IDT may be more accurate. When derma-
tographism is present, it is worth verifying whether 
it persists on another day, since it is a response that 
can vary over time.

What about the patient who has reasonable con-
trols on SPT but no or minimal allergic responses, and 
yet still has a history strongly suggestive of allergy? It 
is reasonable to offer these patients IDT. There is con-
troversy about whether positive IDT tests with a no. 
2 concentration (~ 1:500 w:v) indicate an allergy of 
clinical importance. It is this author’s view that it does 
if (1) a no. 2 glycerine control (2% glycerine) remains 
small, (2) the allergen elicits a wheal of ≥ 7 mm  
with itching and/or skin erythema surrounding, dif-
ferent from the other test spots, and (3) results coin-
cide with the clinical history such as seasonality, 
geographic location, similar factors.

 ■  How Is Geriatric Allergy  
Best Treated?

For all allergic patients, there are the three corner-
stones of allergy treatment: (1) avoidance of triggers, 
(2) medications for temporary control, and (3) immu-
notherapy for long-term tolerance development.

Allergy avoidance is the first choice, particularly 
with the elderly. Because nothing is ingested, there 
are no treatment-related risks. Measures like dust-
mite mattress and pillow covers, carpet removal, and 
high-efficiency particle arrester (HEPA) filters reduce 
exposure to perennial allergens. Because homes and 
furnishings in this age group are also often older, a thor-
ough housecleaning and perhaps replacement of mat-
tresses and other soft furnishings can be very helpful.

Nasal irrigation with saline using a neti pot or 
other device is another drug-free method of sooth-
ing allergic rhinitis and possibly dislodging some 
allergy-inciting spores/pollens/danders from the 
nasal mucosa. The only contraindications to this 
treatment would be surgery or trauma that might 
cause communication with the intracranial com-
partment (as with cerebrospinal fluid rhinorrhea) or 
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had no effect on the safety profile. Coadministration 
with fluoxetine or cimetidine also increased serum 
levels, again with no effect on the safety profile. 
Having insufficient numbers of geriatric patients to 
determine if response was different was mentioned.41 
Epocrates mentions no significant or potentially sig-
nificant drug interactions.40

Fexofenadine

Renal dose adjustment is recommended, but hepatic 
dose adjustment is usually not needed. It should not 
be given with fruit juice. Staggering time of dosing by 
several hours is recommended if antacids contain-
ing aluminum or magnesium are also used because 
these can decrease fexofenadine absorption. Admin-
istration with erythromycins or ketoconazole can 
increase serum levels, but no effect on QT interval 
was observed. Administration with nevirapine can 
decrease serum levels.42

Levocetirizine

Renal dose adjustment is needed, but no adjustment 
is required with hepatic impairment. The only medi-
cation interactions mentioned in the package insert 
are with theophylline (small decrease in clearance) 
and ritonavir (increased half-life and decreased 
clearance). Somnolence with the 5 mg dose occurred 
in 6% of subjects, versus 2% with placebo.43 In normal 
patients, levocetirizine has no effect on QT interval.44 
Epocrates suggests avoiding combining levocetiri-
zine with carinoxamine or doxylamine because of 
CNS depression concerns. As with cetirizine, there is 
a long list of medications under “caution advised,” 
again mainly for sedation concerns.40

Loratadine

Renal and hepatic dose adjustments are required. In 
12 healthy geriatric patients (age 66–78) the peak 
plasma level was 50% higher than in young subjects. 
Erythromycin, ketoconazole, and cimetidine coad-
ministration caused serum level increases but no QT 
interval changes.45 On the Epocrates Web site, ranola-
zine is mentioned as “avoid/use alternative” because 
the combination could increase serum levels and the 
related “risk of adverse effects, including QT pro-
longation, and cardiac arrhythmias.” Similarly, use 
with amiodarone, darunavir, or dasatinib is “caution 
advised” for the same reasons.40

With these caveats considered, second-genera-
tion antihistamines are quite useful in the treatment 
of allergic symptoms in the older population.

 ■ Oral Antihistamines
The lipophilic nature of first-generation antihista-
mines facilitates crossing the blood–brain barrier, 
causing the drowsiness typically associated with 
these medications. There is also evidence of dose-
related cognitive problems when diphenhydramine 
is used in older hospitalized patients.37 These first-
generation antihistamines should be used with cau-
tion in the elderly.

Because second-generation antihistamines do 
not cross the blood–brain barrier efficiently, they 
are much less likely to be associated with drowsiness 
and are generally fairly well tolerated in the elderly.38 
Those currently available in the United States include 
cetirizine, desloratadine, fexofenadine, levocetiri-
zine, and loratadine.

A summary of the contraindications, cautions, 
and drug interactions listed on the physicians’ pack-
age insert of each of these common medications 
follows.

Cetirizine

Dose adjustment is needed and caution is recom-
mended for patients with renal or hepatic impair-
ment. In 16 geriatric patients (mean age 77) 
compared with 14 adults (mean age 53), a single 
10 mg dose caused 50% prolongation of elimina-
tion half-life, and “apparent total body clearance” 
was 40% lower. The package insert also states that, 
of the patients in clinical studies, 186 were 65 years 
and older, and 39 were 75 and older. “No overall dif-
ferences were observed between these patients and 
younger patients, but greater sensitivity of some 
older patients cannot be ruled out.”39

On the Epocrates Web site, “avoid or use alterna-
tive” is suggested for cetirizine with carbinoxamine 
or doxylamine, and “monitor or modify treatment” 
for dexmedetomidine because of CNS depression 
risk.40

With a 10 mg dose, somnolence occurred in 14% 
compared with 6% in placebo.39 This means use with 
any other medication that also causes somnolence 
should be carefully considered. On Epocrates, there 
is a long list of medications in the “caution advised” 
category, mostly for risk of CNS depression and psy-
chomotor impairment.40

Desloratadine

Dose adjustment is recommended with renal or 
hepatic impairment. Coadministration with P450 
3A4 inhibitors (ketoconazole, erythromycin, or 
azithromycin) increased plasma concentrations but 
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should therefore be monitored carefully. Use within 
2 weeks of monoamine oxidase inhibitors or tricyclic 
antidepressants should be avoided.48

This class of medications is also used prior to 
exercise for the prevention of exercise-induced bron-
chospasm. As more seniors pursue competitive ath-
letics, this has become increasingly relevant.49

Inhaled Corticosteroids

These are “controller” medications, used on a regu-
larly scheduled (usually daily or more often) basis 
to decrease asthma-related pulmonary inflamma-
tion. Those available in the United States include 
beclomethasone, budesonide, ciclesonide, flunisol-
ide, fluticasone, mometasone, and triamcinolone. 
Contraindications or cautions for many medications 
in this class include glaucoma, increased intraocu-
lar pressure, cataracts, and bone mineral density 
problems. Inhaled corticosteroids do not appear to 
increase the rate of diabetes in the elderly, nor do 
they affect bone density or the risk of fracture.50–52 
Patients using these medications should be encour-
aged to rinse, gargle, and brush their teeth after 
using inhaled corticosteroids to decrease the risk of 
oropharyngeal candidiasis.

Combination inhalers: These combine an inhaled 
corticosteroid with a long-acting β2 agonist. The 
three currently available in the United States are 
fluticasone + salmeterol, budesonide + formoterol, 
and mometasone + formoterol. The precautions 
that apply to inhaled corticosteroids and short-
acting β-agonists used alone also apply to these 
combinations.

 ■  Can Allergy Immunotherapy 
Help the Geriatric  
Allergy/Asthma Patient?

Specific allergy immunotherapy (SIT) is the only 
treatment of allergy and allergy-triggered asthma 
that can actually change the natural history of these 
diseases. However, when we know that the diversity 
and robustness of the T cell populations decline with 
aging, is it still worthwhile to consider SIT in older 
patients? Unfortunately, there are few studies of SIT 
in this age group.

A Spanish study in 1993 reported using subcu-
taneous immunotherapy (SCIT) in 22 patients over 
the age of 60, and noted improved skin reactivity 
and bronchial hyperreactivity with decreased sIgE.53 
A 2004 Italian study used injection immunotherapy 
(SCIT) in 37 patients over 54 who were monosensi-
tized to birch or ragweed. This group was compared 

Decongestants

These should almost always be avoided in older 
patients. Contraindications and cautions listed 
include hypertension arrhythmias, cardiovascular 
disease, diabetes, glaucoma, hyperthyroidism, pros-
tatic hypertrophy, or renal impairment. Because 
these conditions are common in the elderly, it is 
safer to refrain from using this class of medications 
in most cases.

 ■ Leukotriene Modifiers
Montelukast appears generally safe for use in older 
patients. It should not be administered with grape-
fruit juice, because this can increase serum levels.46,47 
Dose modification is required in the presence of 
hepatic impairment but not with renal impairment. 
Coadministered medications that can decrease mon-
telukast serum levels include barbiturates, carbam-
azepine, rifampin, or the combination medication of 
phenobarbital/hyoscyamine/atropine/scopolamine. 
In treating geriatric asthma, using montelukast, 
which is a pill, may be easier for some older patients 
to manage than using inhalers.

 ■ Asthma Inhalers
The primary asthma medications used today in 
the United States are short-acting bronchodilators, 
inhaled corticosteroids, and combination inhaled 
corticosteroid/long-acting bronchodilators.

Short-Acting Bronchodilators  
(2 Agonists) (Rescue Inhalers) 

The medications in this class available in the United 
States include albuterol, metaproterenol, levalb-
uterol, and pirbuterol. These are used to treat exac-
erbations of asthma on an as-needed basis. They can 
increase pulse and blood pressure, making use prob-
lematic for older patients with severe cardiopulmo-
nary comorbidities. There is also a potential problem 
using this class of inhaler when the patient is on a 
β-blocker medication. Cardioselective β-blockers, 
which act mainly on heart (β1) receptors may be 
needed in specific situations (such as after an acute 
myocardial infarction), where carefully consid-
ered benefit outweighs risk. Coadministration with 
non-potassium-sparing diuretics has the potential 
for contributing to electrocardiographic changes or 
hypokalemia. When albuterol and digoxin are used 
together, serum digoxin levels can increase and 
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3. Geriatric patients with new-onset or 
worsening apparent COPD, bronchitis, and/or 
cough should have exhaled fractionated nitric 
oxide, spirometry (before and after albuterol), 
or both. Finding a reversible component to 
a respiratory problem alters the treatment 
approach, leading to potentially better 
outcomes for these patients.

4. Avoidance measures, including nasal saline 
irrigation, are the safest treatment for allergy 
in all age groups and should be strongly 
recommended. Many geriatric patients have 
lived in the same home for decades. Often, the 
upholstered furnishings and mattresses are 
older and may harbor mold and dust mites. 
For smokers, the scent and residue of cigarette 
smoke may permeate soft furnishings. A 
thorough cleaning to decrease mold, dust 
mites, and animal danders is likely to be 
helpful, even for the nonallergic. Likewise, 
a HEPA filter, especially in the bedroom, 
will certainly not hurt, and the resulting 
improvement in indoor air quality could be 
helpful to allergic and nonallergic patients 
alike.

5. The same medications useful in younger 
groups are useful in the elderly, with the 
exception of first-generation antihistamines 
and decongestants. For the available 
medications, physicians must be familiar with 
the contraindications, dose modifications, 
and interactions with other medications. 
Careful consideration of therapeutic choices 
is necessary in this age group where 
comorbidities, polypharmacy, and frailty are 
common.

6. Pending future age-specific studies, allergy 
immunotherapy appears to be effective in 
immune modification and symptom relief in 
elderly patients. Depending on the physician’s 
treatment philosophy, this means offering 
allergy immunotherapy early in the course 
of treatment (the author’s preference) or 
after all environmental changes and possible 
medications have proven insufficient for 
reasonable disease control (traditional 
wisdom).

7. Diagnosis and treatment of inhalant allergies 
and asthma in the geriatric population 
become increasingly relevant as the number 
of older adults in the United States increases. 
There are a multitude of questions and 
studies to be performed in this segment of 
the population, making this a fruitful area of 
potential research for today’s residents and 
fellows.

with 33 younger patients with a median age of 35, 
also monosensitized to one of these pollens. There 
was also a group of 37 patients with similar aller-
gies over age 54 who declined immunotherapy and 
thus served as an additional control group. The two 
IT groups reported at least 50% improvement in 
symptoms after 1 to 5 years of IT, with no significant 
difference between the younger and older groups. 
Twenty-seven of 37 of the older no-immunotherapy 
group self-reported unchanged symptoms, and 10 of 
37 reported worse symptoms.54

Another Italian study published in 2008 used 
sublingual immunotherapy (SLIT) for patients with 
persistent rhinitis, mild asthma, and allergy to house-
dust mites. When they compared patients aged 18 to 
28 (n = 49) with patients aged 55 to 65 (n = 40), clini-
cal outcome measures improved in all groups. The 
SLIT patients had fewer new allergies than the non-
treated control groups, but there was no age effect.55

A crucial part of the competent immune response 
to allergy immunotherapy is the induction of Treg 
cells that express CD4, CD25, and foxp3 (forkhead 
box protein 3). Whereas the percentage of the T 
cell population that is CD4+ increases with aging, 
this increase is reflected in an increase in naturally 
occurring CD4+25+Foxp3+Treg cells. Inducible Tregs, 
as produced with SIT, decline with aging.1,3 Interest-
ingly, regular exercise appears to “stimulate greater 
NK-cell activity, enhance antigen presentation, 
reduce inflammation, and clear senescent cells in 
the elderly.”56 Until definitive studies are completed, 
the current evidence favors the use of SIT in geriatric 
patients with positive sIgE testing (skin or in vitro) 
and oculonasal symptoms and/or asthma.

 ■ Conclusions
There is a surprising lack of evidence concerning 
the diagnosis and treatment of allergies and asthma 
in the geriatric age group. Pending better data in 
the future, the following are the author’s current 
thoughts and recommendations:

1. Allergies and asthma occur often enough 
in elderly patients to earn a regular place 
on the differential diagnosis of patients 
presenting with oculonasal or respiratory 
symptoms. Their impact on quality of life is 
severe enough to make missing this treatable 
diagnosis unfortunate.

2. In vivo testing (SPT or IDT) is preferred 
to in vitro testing if it is not medically 
contraindicated. Whether allergies revealed 
on IDT following negative SPT are clinically 
relevant remains unsettled.
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Voice Disorders in the Elderly
Robert T. Sataloff and Karen M. Kost

 ■ Introduction
Older adults differ from children and young adults 
in terms of laryngeal and pulmonary structure and 
function, hormonal environment and other bodily 
conditions, aerobic conditioning, susceptibility to 
injury, intellectual function (including memory) 
and other factors. Just as physicians must under-
stand functions and limitations of children, so, too, 
must we become familiar with the special needs, 
limitations, and challenges of older patients who 
experience vocal change. Expert diagnosis, medical 
treatment, voice therapy/training, and occasionally 
surgery usually can maintain or restore vocal sta-
bility and “youth.” This is important because voice 
weakness and instability are interpreted often as 
reflecting intellectual instability. As a result, pres-
byphonia can impair the credibility of societies’ wis-
est and most experienced elders. Presbyphonic loss 
of volume also makes it difficult for patients to talk 
with their older friends, many of whom are hearing-
impaired. This may lead older voice patients to with-
draw socially, substantially impairing quality of life.

As the number of individuals aged 65 and older 
increases, it is not surprising to note an increase in 
the number of older patients seeking consultations 
for dysphonia. The reported incidence of vocal com-
plaints in the geriatric population is somewhere 
between 12% and 35%.1,2 Twenty to thirty-five percent 
of patients use their voices for work,3,4 suggesting that 
vocal health is a high priority within this subgroup 
of older patients. In all geriatric patients, dysphonia 
affects quality of life directly; and it may impair the 
ability to communicate significantly, particularly 
with hearing-impaired spouses, family and friends. 
Indeed, dysphonia and hearing loss frequently coexist 
in the elderly: those with hearing loss are more likely 
to have dysphonia than their counterparts without 
hearing loss.5 Furthermore, dysphonic seniors suffer 
from social isolation, anxiety and depression, indicat-
ing a need to address both dysphonia and hearing loss 
when treating these patients.2,6

Those over the age of 65 are subject to the same 
vast array of vocal diagnoses as younger adults, 
including benign vocal fold lesions (polyps, nodules, 
cysts, papillomas), chronic inflammatory laryngitis 
(reflux-related conditions, autoimmune disorders, 
medication-induced conditions), acute inflamma-
tory laryngitis (viral, fungal and bacterial), muscle 
tension disorders, neurologic disorders (essential 
tremor, Parkinson, poststroke, spasmodic dysphonia, 
amyotrophic lateral sclerosis), vocal fold immobil-
ity, vocal malignancies and vocal fold atrophy. Vocal 
fold atrophy is unusual in younger patients except 
in the setting of muscle wasting diseases, paresis/
paralysis, or extreme weight loss. In all cases, pres-
bylarynx must be a diagnosis of exclusion, after all 
other possibilities have been considered and elimi-
nated. Despite the high prevalence of dysphonia in 
the elderly, there are relatively few published studies 
on the subject. This may be because of the complex-
ity of the subject: the severity of dysphonia in the 
geriatric patient is a function of not only the primary 
vocal diagnosis, but also several other factors includ-
ing the functional status of the patient, co-existing 
morbidities, pulmonary reserve, medications, and 
cognitive function.

In a retrospective review of 175 elderly patients 
seen in a tertiary care laryngology practice in 
Philadelphia, the most common complaints were 
hoarseness in 71%, inability to project the voice or 
decreased volume in 45%, excessive throat clearing/
phlegm in 43%, vocal fatigue in 37%, cough in 23%, 
and breathiness in 22%.7 Less common complaints 
included raspiness, pitch breaks, loss of range, glo-
bus sensation, tremor and dysphagia. Many patients 
had more than one complaint. The most commonly 
identified diagnoses, which frequently co-existed 
with other conditions such as presbylarynx, included 
laryngopharyngeal reflux, muscle tension dyspho-
nia, paresis (diagnosed clinically and with EMG in 
many cases), vocal fold mass, glottic insufficiency, 
and varicosities/ectasias. As a result of their dyspho-
nia, more than 50% of patients in this study reported 
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of extra cellular matrix (ECM) from these cells. The 
superficial layer of the lamina propria increases in 
thickness and is more edematous in both men and 
women, with a change in viscoelastic properties.28,29 
Changes within the cricoarytenoid joint include sur-
face irregularities and disorganization of collagen 
fibers.30 Laryngeal cartilages stiffen with progressive 
calcification and/or ossification.

A great deal of work, summarized by Thomas et 
al, has revealed changes in the musculature of the 
aging larynx, which contribute significantly to pres-
byphonia. Several skeletal muscle changes are known 
to occur with aging. Although many of these also 
apply to the thyroarytenoid muscle (TA), there are 
also notable differences. Sarcopenia refers to the loss 
in muscle mass, strength and quality often observed 
with aging. Because the loss in muscle mass is grad-
ual, there is little noticeable loss in function, until the 
loss extends beyond threshold levels. At this point, 
functional abilities decline noticeably. Sarcopenia is 
likely the result of metabolic, neurologic, hormonal 
and environmental factors.

The TA extends from the thyroid cartilage ante-
riorly to the vocal process and fovea oblonga of the 
arytenoid cartilage. It is often thought of as being 
made up of a medial vocalis and more laterally posi-
tioned thyromuscularis. The latter probably plays a 
role in the rapid shortening of the vocal fold, while 
the vocalis is likely involved in “fine-tuning” ten-
sion along the vocal fold edge and in providing lat-
eral resistance during vocal fold contact. Contraction 
of the TA results in thickening and stiffening of the 
vocal fold, and a corresponding “loosening” of the 
lamina propria. Compared with limb skeletal muscle, 
the TA differs in several ways including fiber size, 
contractile protein profiles, mitochondrial content, 
and aging patterns. Similar differences also have 
been found in other laryngeal muscles.

The TA in humans contains type I, IIX and IIA 
fibers, as well as “hybrid fibers.” Furthermore, it 
has been suggested that the fast and slow fibers are 
arranged along a gradient, with the medial aspect 
composed of slow fibers and the lateral aspect com-
posed of fast fibers. This unique composition, which 
results in a rapidly contracting, fatigue-resistant 
muscle well suited for the TA’s role as a muscle of 
respiration, airway protection, and voice produc-
tion, is unusual compared with limb skeletal muscle. 
Elevated levels of mitochondria have been noted 
in the posterior crycoarytenoid, cricothyroid and 
thyroarytenoid muscles compared with limb skel-
etal muscle. This feature may increase resistance to 
fatigue and facilitate the continuous action required 
by these muscles for respiration. The TA is richly 
innervated by the recurrent laryngeal and superior 
laryngeal branches of the vagus nerve. Motor units 
are small, with each motor neuron innervating only a 
few fibers. Laryngeal sensory information is received 

a significant impairment in their quality of life, with 
potentially serious psychosocial implications.7

 ■ Anatomy and Physiology
Between the periods of young adulthood and older 
age, the respiratory system undergoes marked ana-
tomic and physiologic changes. Decreased force and 
rate of contraction of respiratory muscles, stiffening of 
the thorax and loss of lung tissue elasticity undermine 
the power source of the voice.8–11 Lung vital capacity is 
decreased, and forced expiratory volume and air flow 
rate decline.12 These changes and others result not 
only in decreased power source functions, but also 
in changes in breathing strategy. Some of these are 
gender dependent. For example, in men, respiratory 
changes may be linked with inefficient laryngeal valv-
ing that results from the glottal gaps commonly noted 
with aging. In women, the age-related changes may be 
more likely to involve valving at the level of the velo-
pharynx, tongue and lips, and women also experience 
a decline in laryngeal agility.13,14

The larynx itself also undergoes extensive ana-
tomic and physiologic change during adulthood,15 
as summarized in previous literature.16 Cartilages 
undergo ossification and calcification,17,18 intrinsic 
muscles atrophy,19–21 and joints erode.22 The nature 
of age-related changes in the epithelium of the vocal 
folds has been in dispute. Several investigators report 
thickening; others have found no evidence of change 
with aging. In women, the epithelium may progres-
sively increase in thickness with aging, particularly 
after age 70.23 A variety of changes in the lamina 
propria have been documented, including thicken-
ing/edema of the superficial layer, degeneration/
atrophy of elastic fibers, and a decline in the number 
of myofibrils.23,24 In males, it also has been suggested 
that the epithelium increases in thickness up to age 
70 and then decreases with further aging. In elderly 
men, the mucosa stiffens and increases in viscosity in 
comparison with women and younger men,24 result-
ing in decreased ease of phonation.24,25 Changes in the 
larynx from young adulthood to old age are generally 
more extensive in men than in women, with the pos-
sible exception of muscle atrophy about which there 
is little information on gender differences.15

Microscopic changes noted in the superficial 
layer of the lamina propria in mice include a rela-
tive reduction in hyaluronic acid and elastin, with an 
increase in collagen. In addition, there is an increase 
in the density and ratio of collagen and reticular 
fibers which are arranged in thick, disorganized bun-
dles.26,27 Histologic examination of aged human vocal 
folds has shown a decrease in the total number of 
cells, reduction in the intracellular organelles respon-
sible for protein synthesis, and reduced production 
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Loss of salivary function can produce symptoms 
of oral dryness, dysphagia, and oral discomfort in 
the elderly; susceptibility of oral infection also is 
reported to increase.51 The elderly have been reported 
to experience significant declines in tongue strength, 
although endurance remains relatively unaffected.52 
Lingual pressure reserves during swallowing decline 
with aging, although maximum tongue pressures 
during swallow events remain stable from young 
adulthood to old age.53

 ■  Acoustic Changes in  
the Aging Voice

Mueller opined that “The voice is a mirror of per-
sonality and senescence may cloud that image.”54 
The aging voice is associated with a change in vocal 
quality that may be perceived as reduced volume, 
increased breathiness, a change in pitch, decreased 
endurance and reduced vocal range. When listening 
to speech samples, listeners are reasonably accurate 
in distinguishing between young, middle, and older 
age groups. Older voices often are associated with a 
loss of range and described with undesirable adjec-
tives such as “hoarse,” “raspy,” “breathy,” “unsteady,” 
“tremulous,” and “shaky.” The elderly are a heteroge-
neous group; and many of these characteristics are 
not solely the result of aging, but rather from poor 
physical conditioning that results in weak respira-
tory and abdominal muscles and ultimately inade-
quate vocal support. Several studies have shown that 
listeners can generally differentiate between young 
and old speakers. Aging affects vocal pitch, loudness, 
and quality, although the effects are highly variable 
across the aging population.55

Speaking fundamental frequency changes with 
age, with different patterns of change noted for men 
and women. In men, the fundamental frequency of 
speaking drops through about the fifth decade and 
then rises, perhaps due to vocal fold muscle atrophy 
or hormonal changes. In women, speaking funda-
mental frequency remains fairly constant or lowers 
slightly until menopause, after which additional low-
ering of fundamental frequency occurs. Interestingly, 
these changes are less prominent in professional 
singers, who tend to maintain fairly stable funda-
mental frequency levels throughout adulthood.56,57 
Speech intensity also changes with age. Men over 
70 talk louder than younger men, even after tak-
ing hearing loss into account. Elderly women do not 
have a similar increase in speech intensity. However, 
both genders experience a decrease in maximum 
intensity levels with advancing age.58,59 In addition, 
women have an elevated minimum intensity level 
(they cannot phonate as softly as young women).59

through mechanoreceptors, chemoreceptors, taste 
buds, and free nerve endings.

Although loss of muscle mass with aging in the 
human TA was identified first in 1941, and con-
firmed in subsequent studies, patterns of fiber loss 
have not been defined clearly. In older rats, a reduc-
tion in force, speed, and endurance has been identi-
fied. Changes in the innervation of the TA with age 
also have been noted. Although there appears to be 
no net loss of myelinated or unmyelinated fibers 
with age, there is an increase in myelin-abnormal 
and myelin-thinning fibers, suggesting an active 
process of degeneration/regeneration. In the supe-
rior laryngeal nerve, there is a reduction in the size 
and number of myelinated fibers, which correlates 
with the documented reduction in laryngeal sensi-
tivity with age. Metabolic changes have also been 
noted in the aging TA. Mitochondrial DNA muta-
tions consisting of the 4977-base pair deletion have 
been identified, and these are thought to result in 
the increased production of injurious free radicals. 
Expression of this mutation appears to increase with 
age, producing dysfunctional mitochondria which 
may negatively affect contractile properties of the 
TA. In addition, laryngeal blood flow decreases by  
~ 50% in older rats, with a possible reduction in oxy-
gen, and accumulation of cellular waste products. 
The influence of hormones on vocal maturation, 
and in senescence, is recognized widely, and appre-
ciated clinically. The mechanism of action of these 
hormones, however, remains poorly understood.

Marked anatomic changes in the supraglottic 
vocal tract have been reported from young adulthood 
to old age. Facial bones continue to grow during this 
period31,32 although the magnitude of that growth 
(3–5%) is relatively modest. Changes in facial mus-
cles include decreased elasticity, reduced blood sup-
ply, atrophy, and collagen fiber breakdown.33,34 The 
temporomandibular joints (TMJ) undergo extensive 
changes with aging including thinning of articular 
discs, reduced blood supply, and regressive remodel-
ing of the mandibular condyle and glenoid fossa.35–40 
However, age-related changes in the TMJ can be dif-
ficult to distinguish histologically from a TMJ that is 
involved pathologically.37,39,40 The oral mucosa loses 
elasticity with aging and thins, with deterioration 
of attachments of epithelium and connective tis-
sue to bone.22 However, there is some disagreement 
as to whether these changes reflect normal aging 
or result from drugs, disease, or pathological con-
ditions.40–44 Dental structures also are altered with 
aging, although tooth loss itself is not an inevitable 
consequence of aging.45 Changes in the tongue epi-
thelium include thinning and fissuring of the tongue 
surface.46,47 Pharyngeal and palatal muscles also have 
been reported to undergo age-related degenerative 
changes.48–50
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problems such as breast cancer. Other endocrine 
problems such as hypothyroidism also are common 
in the elderly and may cause prolonged dysphonia 
unless they are recognized and treated.

Systematically attacking the aging process in 
other areas of the body is also important. The bodily 
changes characteristic of aging are not unique. In 
many ways, they are identical to those seen in dis-
ease and in disuse such as prolonged bed rest or 
immobilization of a leg. In particular, muscle disuse 
causes loss of muscle fibers indistinguishable from 
that seen with advanced age, as noted above. In skel-
etal muscle of the limbs, it has long been recognized 
that muscle disuse/inactivity leads to atrophy that 
becomes progressively more difficult to reverse with 
increasing age. Conversely, it is well established that 
general activity, and in particular exercise programs, 
positively affect the structure and function of mus-
cle. Resistance training increases muscle mass and 
strength, while endurance training increases mito-
chondrial density and may help preserve normal 
muscle morphology. At a cellular level, exercise posi-
tively affects hormonal levels, neuronal input, and 
enzymatic as well as antioxidant activity. This sug-
gests that decline is not inevitable, and can be mini-
mized or delayed by optimizing health and physical 
conditioning. Exercise prevents or reverses many of 
these changes in the young, and it appears to have the 
same effect when the changes are caused by aging. 
Appropriate exercise will not only help maintain 
muscle function and coordination, but it also helps 
functioning of the cardiovascular system, nervous 
system, and especially the respiratory system. Respi-
ratory function normally decreases with advancing 
age. In particular, residual lung volume increases, 
with a consequent decrease in vital capacity, tending 
to undermine the primary respiratory improvements 
resulting from earlier voice training. As a result, as 
a singer’s or speaker’s respiratory potential dimin-
ishes, it is essential that he or she remain as close 
as possible to optimum respiratory conditioning. 
Proper nutrition and weight control also are impor-
tant. A well-balanced, nutritionally sound diet along 
with maintaining an optimal weight contributes to 
a higher quality voice. Oral health includes adequate 
salivary quality and flow, good dental hygiene, and 
treatment of any mucosal disorders. Many medica-
tions are associated with undesirable effects such 
as cough, drying effects, and altered cognition, all of 
which may impact voice negatively. Whenever pos-
sible, medications with a deleterious effect on voice 
should be minimized or changed. Reflux should be 
identified and treated. Respiratory function, which 
powers the voice, may decrease with increasing age, 
as evidenced by an increase in residual volume and 
a reduction in vital capacity. Good abdominal sup-
port is also a crucial component of maintaining a 
“younger” voice.

Although there is variability in vocal intensity 
with age, most studies agree that in the elderly, vocal 
intensity of speech and the ability to modulate it 
are reduced.60 Notably, these changes are much less 
apparent in elderly singers compared with non-sing-
ers, once again supporting a role for “vocal exercise.”

Jitter and shimmer are higher in the elderly when 
compared with younger people and have been associ-
ated with higher Voice Handicap Index scores.7 Both 
of these characteristics are related to perceptual qual-
ities of harshness and roughness, which have been 
identified as characteristics of “old” voices. Singers, as 
well as other healthy, physically fit older individuals 
display less jitter and shimmer and sound “younger” 
compared with their counterparts in poor health.

Examination of patients with an “old voice” using 
strobovideolaryngoscopy may reveal changes associ-
ated with vocal atrophy including variable degrees of 
bowing, noted as a concavity of the medial edge of the 
vocal fold during both adduction and abduction, prom-
inent vocal processes, a spindle-shaped glottic chink, 
and a reduction in amplitude of the mucosal wave.61,62

Although some age-related alterations cannot be 
avoided in specific individuals, not all of them are 
manifestations of irreversible deterioration. In fact, as 
our understanding of the aging process improves, it is 
becoming more and more apparent that many of these 
changes can be forestalled or even corrected. Woo et al  
reached similar conclusions recognizing that “presby-
larynges is not a common disorder and should be a 
diagnosis of exclusion made only after careful medical 
and speech evaluation.”63 As physicians and teachers, 
we need to look closer before concluding: “I can’t help 
your voice; you’re just getting older.”

 ■ Medical Intervention
Certain aspects of the aging process can be controlled 
medically through judicious intervention. The deci-
sion to intervene much be individualized, carefully 
weighing the risks against benefits for each inter-
vention. For example, as female singers approach 
menopause, estrogen deprivation causes substantial 
changes in the mucous membranes that line the vocal 
tract, the muscles, and other structures through-
out the body. These and other hormonal effects 
frequently are reflected in the voice, but can be fore-
stalled for many years through the judicious use of 
hormone replacement therapy in selected patients. 
Dosage is best determined by checking estrogen 
levels prior to menopause. Preparations containing 
androgens should be avoided whenever possible 
because they can cause permanent masculinization 
of the voice. However, treating physicians must also 
be aware of contraindications to hormone replace-
ment, especially if there is a history of other health 
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and endurance in the older speaker or singer just as 
it can in the beginner.

Psychology and Intellect

Other age-related medical changes also may be sig-
nificant to vocal function in some people. Personal-
ity has been most commonly described in terms of 
five factors: extraversion, emotional stability, agree-
ableness, conscientiousness, and culture. Peabody 
and Goldberg described the five replicable factors 
that emerge from factor analysis of a large number of 
personality traits.64 In general, personality traits are 
quite stable after approximately age 30. It is useful 
for the physician to understand personality traits and 
their tendency for stability. These may be helpful in 
interpreting other psychological changes associated 
with aging. Certain mental disorders are more com-
mon in the elderly, including Alzheimer disease, and 
disorders of memory and mood. Alzheimer disease is 
a diagnosis that can only be made with certainty by 
postmortem examination of the brain, which reveals 
characteristic neuritic plaques and neurofibrillary 
tangles. However, clinical observation and decline in 
cognitive function documented by neuropsychologi-
cal batteries over time are commonly used to make 
a presumptive diagnosis. Impairments in cognitive 
function and other neurological sequelae also are 
seen in multi-infarct dementia that presents with 
increasing frequency with advancing age. Mood dis-
orders, including major depression, are not unusual 
in the elderly and may account for significant decline 
in cognitive, affective, and behavioral function. In 
addition, elderly people have a higher incidence of 
risk factors associated with mental illness, includ-
ing poverty, bereavement, isolation, sensory deficits, 
and physical illness. It should also be noted that older 
people perform differently on some psychodiagnostic 
tests, and such studies must be interpreted with great 
caution, especially when attempting to distinguish 
between dementia and expected mental changes such 
as benign senescent forgetfulness. In IQ testing of the 
elderly, age-related decrements on tests such as the 
WAIS-R are primarily in the speed tests, measuring 
perceptual-motor skills. There are more often decre-
ments in fluid abilities (such as reaction speed) than 
in crystallized abilities (such as fund of knowledge). 
Verbal ability is retained until very old age. With 
renorming of the WAIS-R to age-appropriate popula-
tions, IQ changes in the elderly are now clearly seen 
as functions of educational opportunity and health 
status.65,66 Alterations in cognition, especially memory, 
and changes in personality secondary to mood disor-
ders and delusionality may impair a person’s ability 
to concentrate, consistently perform vocal tasks, and 
cooperate optimally with voice rehabilitation.

The authors find it helpful to think of each indi-
vidual as having a performance range from his or 
her poorest performance to his or her optimal per-
formance. Audiences have established a certain level 
of performance that is acceptable for a professional 
singer. At the age of 18, a singer with an excellent 
voice may perform at only 50% of his or her current 
potential. Yet, he or she may get away with it, because 
the condition of his or her body is above the accept-
able performance standard. However, as a singer 
ages, physical abilities deteriorate. If the singer still 
performs at only 50% of his/her new ability, he or she 
will fall below the acceptable performance standard. 
However, if, through appropriate training, exercise, 
medication, and other factors, a singer is able to get 
to 70, 80, or 90% of potential performance level, pro-
fessionally acceptable performance may be main-
tained for many decades. For this reason, in treating 
age-related dysphonia, a combination of traditional 
voice therapy, singing training, acting voice tech-
niques, and aerobic conditioning are recommended 
to optimize neuromuscular performance. In gen-
eral, rehabilitation is sufficient to restore acceptable 
voice function and eliminate most of the acoustic 
information perceived as “old.” However, occasion-
ally substantial tissue changes make it impossible for 
therapy and medical management alone to restore 
satisfactory voice, and some such patients may ben-
efit from laryngeal surgery. Nevertheless, surgery is 
unnecessary for the vast majority of patients with 
age-induced dysphonia.

We are accustomed to thinking of older people as 
having great latitude in most things by virtue of expe-
rience and in deference to their age. When we hear 
a 70-year-old tenor develop a “wobble,” we write it 
off as “getting old” and are reluctant or embarrassed 
to challenge him, because, after all, he cannot help 
aging. We also often do not think of prescribing exer-
cises such as swimming, walking, jogging, or other 
aerobic exercise for people with gray hair and a little 
extra weight. However, this reticence is unfair and 
unproductive. To the contrary, as lungs and thorax 
lose their elasticity and distensibility and abdominal 
muscle mass begins to deteriorate, it is all the more 
important for a professional voice user to be in peak 
physical condition. A singer whose respiratory and 
abdominal conditioning is not good enough to allow 
him or her to walk up a few flights of stairs with-
out becoming winded probably is unable to main-
tain good abdominal support throughout a recital or 
opera. When the power source of the voice is under-
mined in this way, compensatory excessive muscle 
use in the neck and tongue usually supervenes. Con-
ditioning muscles gradually in a disciplined fashion 
under medical supervision restores good support. 
Regular vocal technical training can eliminate the 
tremolo (“wobble”) and improve agility, accuracy, 
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that are more similar to the person’s natural teeth 
can then be fashioned. Although salivary glands 
lose up to ~ 30% of their parenchymal tissue over 
a lifetime, salivary secretion remains adequate in 
most healthy, nonmedicated people throughout life. 
Atrophic changes in the oral mucosa render it more 
susceptible to injury in the elderly. The sensation of 
xerostomia, when present, may be especially dis-
turbing to singers and other professional voice users. 
Oral cancers also comprise ~ 5% of all malignancies, 
and 95% of oral cancers occur in people over 40 years 
of age. Cancers in the head and neck may result in 
profound voice dysfunction.

Other Conditions

Many other factors also must be taken into account 
in diagnosis and treatment of elderly voice patients. 
These include coronary artery disease, cerebrovas-
cular disease, hypertension, obesity, stroke, diabetes, 
cancer, diet, osteoporosis, hearing loss, vision loss, 
swallowing dysfunction, anemia, arthritis, neurolog-
ical dysfunction including tremor, incontinence, gas-
trointestinal disorders, memory and concentration 
ability, and other conditions. All of these may have 
adverse effects on the voice either through action 
directly on the larynx or through impairment of the 
voice-producing mechanism at another anatomi-
cal site that affects, for example, the power source 
or resonators. Some of these maladies have a major 
impact on ability to respond to and carry over voice 
retraining and must be considered when planning 
therapy for elderly patients.

Voice Therapy

Expert voice therapy for presbyphonia can be par-
ticularly rewarding. Such therapy is best provided 
by a team, and therapy must include attention to the 
entire body, not just the voice. As discussed above, 
aerobic conditioning is essential. Voice therapy for 
presbyphonia therefore begins with a general medi-
cal evaluation and institution of a medically super-
vised aerobic conditioning program to restore the 
power source of the voice, which is essential for 
speaking, and singing. This is similar to the cardiac 
rehabilitation programs instituted after myocardial 
infarction.

In addition to the physician, the voice therapy 
team approach includes intervention by a speech-
language pathologist, singing voice specialist, and 
frequently an acting voice specialist. The speech 
pathologist is responsible for identifying and elimi-
nating voice abuse and misuse, teaching vocal 
hygiene, and developing an exercise program for the 
spoken voice that emphasizes appropriate breath 

Endocrine System

Sexual Dysfunction

Sexual dysfunction is also common among the 
elderly. It is important to recognize that this is asso-
ciated with alterations in the hormonal environment 
that also may affect vocal function. For example, in 
males, serum levels of testosterone decline along 
with sexual function. In women, postmenopausal 
levels of estrogen are low, although their effect on 
sexual function is less predictable. However, they are 
associated with changes in mucosal secretions and 
structure, and in mood. Physicians should be aware 
that estrogen-androgen medications are prescribed 
for sexual dysfunction in women. The androgens 
may cause irreversible masculinization of the voice, 
and their use should be avoided whenever possible, 
especially in professional voice users.

In addition to the endocrine problems discussed 
above, thyroid disease in the elderly deserves special 
mention. Both hyperthyroidism and hypothyroidism 
are notoriously difficult to diagnose during advanced 
age. The elderly patient with hypothyroidism fre-
quently does not display the obvious “typical” fea-
tures encountered in younger people. These include 
mental slowing, loss of energy, neurotic behavior, 
hearing loss, weight gain, musculoskeletal discom-
fort, dry skin, changes in facial appearance, and other 
problems. The diagnosis in the elderly is often missed 
because of many of the symptoms may be inaccu-
rately attributed to age. In addition, elderly patients 
often have other problems to which their difficul-
ties are ascribed in the absence of clear diagnostic 
clues to hypothyroidism. Alterations in thyroid func-
tion frequently produce substantial changes in vocal 
quality including loss of range, efficiency, and “muf-
fling” of the voice. These vocal derangements gener-
ally resolve when the thyroid abnormality is treated.

Head and Neck

Problems associated with hearing loss are reviewed 
in greater detail elsewhere and are extremely impor-
tant in older voice patients. Physicians should deter-
mine not only the hearing status of their older voice 
patients, but also whether they have pitch distortion 
(diplacusis) and loudness distortion (recruitment).67 
These conditions affect vocal performance, and they 
may require modifications in rehabilitation strate-
gies. Oral cavity changes associated with aging may 
be particularly troublesome to singers. Loss of den-
tition may alter occlusion and articulation causing 
especially disturbing problems for professional voice 
users and wind instrumentalists. These difficulties 
may be avoided to some extent by having impres-
sions made while dentition is still normal. Dentures 
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ing and if we are able to have that patient jog or run, 
walking becomes trivial, because it is well within the 
individual’s performance limits. Analogously, singing 
expands an individual’s phonatory limits, increasing 
breath support and phrase length, increasing fre-
quency and intensity ranges, and strengthening the 
voice beyond the level necessary for even extended 
speech. The combination of traditional voice ther-
apy and specialized singing exercises expedites and 
improves outcomes. This approach is valuable for 
patients of all ages but is particularly gratifying in 
older patients.

Since 1995, the value of including an acting voice 
trainer in the voice team has been recognized.73 Like 
singing teachers, acting teachers who choose to work 
in the medical milieu must acquire additional knowl-
edge and skills that are not an ordinary part of their 
training. However, the techniques used by actors to 
develop their speaking voices are different from those 
used by speech-language pathologists or singing 
voice specialists, although they are compatible and 
do not conflict with traditional voice therapy. Acting 
voice trainers teach techniques not only for develop-
ment of speaking voice strength and projection, but 
also for control of face and body function, phonatory 
expression of emotion, preparation and interpreta-
tion of spoken materials, and other communication 
skills. Learning these techniques improves not only 
voice quality and vocal authority, but it also gives the 
patient great confidence in his/her ability to control 
vocal communication. In some cases, this confidence 
is almost as therapeutic as measurable acoustic 
improvements, especially in the elderly.

In our experience, voice therapy is extremely 
valuable in the geriatric patient. In fact, we even offer 
programs for “voice cosmesis” for patients whose 
only concern is the “old” quality of their voices. Such 
patients have often undergone cosmetic surgery such 
as rhytidectomy, blepharoplasty, and rhinoplasty to 
disguise signs of aging, yet their voices “give them 
away.” An expert therapy program can be most help-
ful in these patients, as well as in those who are even 
more disabled by presbyphonic changes.

 ■ Surgery
In some patients, even the best voice therapy is not 
sufficient to overcome presbyphonia. When vocal 
fold thinning or bowing causes failure of glottic clo-
sure, hyperfunction (muscular tension dysphonia) 
develops routinely as the patient tries to compensate 
in an attempt to eliminate breathiness and improve 
volume. This muscle hyperfunction is often respon-
sible for voice fatigue, increased hoarseness, and 
sometimes for vocal nodules, hemorrhages, or other 
injuries. As voice therapy eliminates the hyperfunc-

and abdominal support, relaxation in the muscles of 
the head and neck, and appropriate use of resonance 
to optimize audibility.68

 ■ The Impact of Vocal Exercise
Voice exercise programs such as Vocal Function Exer-
cises and Resonant Voice Therapy have been shown 
to positively affect laryngeal function and voice. 
Although direct evidence of the effects on TA muscle 
structure and morphology is lacking, the well-dem-
onstrated benefits of vocal exercise strongly suggest 
a beneficial effect on the laryngeal musculature. In a 
study by Gorman et al, 19 elderly men with a diagno-
sis of presbylarynx were enrolled in a 12-week pro-
gram of vocal function exercises.69 At the end of the 
program, participants demonstrated improved glottic 
closure, a decrease in breathiness, an increase in sub-
glottic pressure, and significantly increased maximum 
phonation time from 22 second to 37 seconds. There is 
no question that age-related dysphonia impacts qual-
ity of life as measured by the validated Voice-Related 
Quality of Life (VRQOL) survey, a 10-item self-rated 
questionnaire. Berg et al reported significant improve-
ment in VRQOL scores in 19 elderly patients with 
dysphonia undergoing voice therapy compared with 
the 6 controls who chose no treatment.70 Interest-
ingly, patients who were more compliant with voice 
therapy had even greater improvements in VRQOLs 
than those who were less compliant. Although voice 
therapy is noninvasive, it does require a commitment 
of time, effort, and resources. It is possible that elderly 
patients with age-related dysphonia must reach a 
point at which their voice is sufficiently disabling in 
order for them to be willing to make the necessary 
time investment in voice therapy. Voice therapy also 
requires reasonably good cognition. Elderly patients 
with impaired memory may have such problems with 
carry-over that they may not be successful candidates 
for voice therapy.

In the presence of good physical health, techni-
cally good singing, which is symbiotic with physical 
and voice therapy, reduces the changes associated 
with the perception of an “old” voice.60,71 Healthy, 
fit singers are able to maintain a stable fundamen-
tal frequency, intensity range, and vocal quality well 
into the seventh decade, indicating that physiologic 
age is more predictive of vocal performance than 
chronologic age.

The singing voice specialist works symbiotically 
with the speech-language pathologist, caring for both 
singers and nonsingers.72 The purpose of this portion 
of the therapy program is not to create singers out 
of every presbyphonic patient. Rather, singing skills 
are to speaking as running skills are to walking. If we 
try to rehabilitate a patient who has difficulty walk-
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hyperfunction suffer fatigue, injury, and do not build 
successful, long careers. Even nonclassical singers, 
such as rock singers, who have survived decades of 
performance frequently sing technically well much 
of the time. As such singers age, however, they do not 
have the knowledge to modify vocal performance 
techniques to compensate for physiologic changes, or 
injuries. Consequently, they frequently change from 
fundamentally good technique to worse technique, 
resulting in impaired performance ability, and pos-
sibly even vocal injury. Helping such singers is rela-
tively easy, once they become convinced that they 
need help, want help, and that vocal education is not 
going to damage their vocal style and identity. Train-
ing such individuals must begin with medical evalu-
ation, aerobic conditioning, strengthening of the 
muscles of the back, abdomen, and chest, and vocal 
re-education. The vocal training should include sing-
ing lessons and training for the speaking voice. The 
singing lessons address basics, as would be taught 
to a teenager. However, older adults may take longer 
to respond, particularly when they have to give up 
habitual hyperfunction, strengthen laryngeal mus-
culature that has not been used effectively, and bring 
the vocal system “into balance.” Since nearly every-
one speaks more often than he/she sings, it is help-
ful to include formal training for the speaking voice 
(using a speech-language pathologist and/or acting 
voice specialist) in the retraining process.

The majority of people who sing are choral 
singers. They are devoted, enthusiastic, and com-
monly untrained. Unfortunately, a great many cho-
ral conductors also are untrained in voice or in vocal 
technique and vocal health. In fact, many are instru-
mentalists (often piano or organ) with no knowledge 
of the fact that instrumental rehearsal technique is 
not always appropriate for singers.75 Choral singers, 
irrespective of age, can be helped through individ-
ual singing lessons and must be trained specifically 
to avoid singing too loudly because of the Lombard 
effect experienced in noisy choral environments. 
One guide to the health of a choral rehearsal is the 
condition of voices at the end of the rehearsal. Sing-
ers should not be hoarse following rehearsals. Rather 
their voices should be clear and, if anything, more 
“warmed up” following the rehearsal than they were 
at the beginning. When choirs are well conducted, 
voices are developed throughout the course of a con-
cert season, not impaired.

 ■ Summary
Dysphonia in geriatric patients is common and is 
expected to increase as demographics continue to 
shift to an older population. The etiology is often 
multifactorial, with presbylarynx being a diagnosis 

tion, breathiness becomes audible again, and volume 
may decrease. If the glottal incompetence is minimal, 
vocal exercises may increase muscle bulk enough to 
restore glottic closure. At the same time, improved 
vocal technique will enhance audibility even if slight 
breathiness remains. However, when glottal incom-
petence is too great, surgery should be considered. 
Appropriate preoperative evaluation and surgical 
technique are reviewed elsewhere.74

In a study by Davids et al, geriatric patients 
accounted for 21% of referrals.1 In this older group, 
the most common diagnoses were vocal fold atro-
phy in almost 25%, neurological vocal dysfunction 
in 23%, and vocal fold immobility in 23.1%.1 Man-
agement options offered to patients with vocal fold 
atrophy consisted of reassurance, voice therapy, 
injection laryngoplasty, and thyroplasty. Almost 
40% of patients were reassured and decided to forgo 
additional treatment. Fifty-seven percent elected to 
have voice therapy, with a statistically significant 
improvement in VRQOL scores post treatment. Simi-
larly, the much smaller proportion of patients who 
chose injection laryngoplasty also had significant 
improvement in VRQOL scores following injection. 
These results indicate that the voice changes associ-
ated with vocal fold atrophy in geriatric patients can 
be treated effectively with the simple interventions 
of voice therapy, injection laryngoplasty, or a combi-
nation of both.

 ■ The “Voice Lift”
Voice lift is a term that was developed to describe a 
multidisciplinary approach to restoring youthfulness 
to the voice.73 Voice lift is commonly misunderstood 
as referring to surgery for voice improvement, anal-
ogous to “face lift.” Surgery is only one component 
of the voice lift process, which always begins with a 
medical evaluation, voice therapy, and retraining of 
the voice in speech and singing. Surgery is consid-
ered only after nonsurgical treatment has been opti-
mized and deemed insufficient by the patient and 
voice team.

 ■  Special Considerations:  
The Untrained Professional 
Singer and the Choral Singer

Older, untrained professional singers present special 
challenges. If they have had successful careers, in 
many cases they have been singing correctly “natu-
rally,” despite the lack of formal training. Most sing-
ers who sing abusively with excessive tension and 
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vocal intensity. In selected patients, laryngeal sur-
gery can be beneficial.

Most patients with age-related voice changes can 
be helped. Intensive management through medi-
cal intervention and age-appropriate voice lessons 
should be encouraged. Because older singers and 
other professional voice users may have considerably 
less natural reserve and resilience than youthful per-
formers, we need to be particularly demanding with 
them. They cannot compensate for or tolerate weak-
ness like teenagers, nor can they recover quickly 
from vocal injuries. However, with optimal physical 
and vocal conditioning, proper medical supervision 
of cardiac and respiratory function, and appropriate 
medication, weight control, nutrition, and surgery 
in selected cases, many singers, actors, clergy, poli-
ticians, teachers, and others may enjoy extra years 
or decades of improved voice performance, which 
are gratifying both to them and to their audiences. 
Similar results may be even easier to achieve in older 
voice patients with less taxing vocal demands.

of exclusion. Older voices are typically hoarse, weak, 
breathy, unsteady and tremulous. Examination may 
reveal prominent vocal processes, atrophic vocal 
folds, and a spindle-shaped glottic gap. Presbypho-
nia is associated with depression, anxiety, social 
isolation, and a reduction in quality of life. Histologi-
cal changes have been demonstrated in the mucosa, 
lamina propria, and musculature of aged vocal folds. 
Similar age-related changes in limb skeletal muscles 
of elderly patients occur as well. Convincing evi-
dence has shown that many of these changes can be 
reversed or avoided with maintenance of good gen-
eral health and conditioning maintained with regular 
physical exercise. Older singers are perceived to have 
younger voices compared with elderly nonsingers, 
presumably because of the benefits of regular vocal 
exercise. Voice exercise programs in elderly patients 
with age-related dysphonia provide an effective and 
noninvasive means of treatment, with a positive 
impact on quality of life, as well as improvement in 
acoustic measures, maximum phonation time, and 
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Swallowing Disorders in the Elderly
Ozlem E. Tulunay-Ugur

 ■ Introduction
According to the U.S. Department of Health and 
Human Services, persons over the age of 65 cur-
rently represent 12.9% of the American population. 
As the fastest-growing segment of the population, 
this age group is expected to expand to 30% by the 
year 2030. Dysphagia is a growing health concern in 
the aging population. Its prevalence is high in both 
the unhealthy and the community-dwelling elderly 
population and is associated with increased risks of 
malnutrition and aspiration pneumonia.1 Although 
the exact incidence of dysphagia across different set-
tings is unclear, conservative estimates suggest that 
15% of the geriatric population is affected by dyspha-
gia.1 The prevalence is much higher in selected popu-
lations, such as patients residing in nursing homes, 
who have reported rates as high as 30 to 40%.2 Aside 
from leading to malnutrition, dehydration, and aspi-
ration pneumonia, dysphagia also has major effects 
on social and psychological well-being.3 Due to 
the complex nature of the swallowing system and 
because the workup and treatment encompasses 
multiple disciplines, several aspects of the problem 
remain poorly understood.

 ■  Changes in the Physiology of 
Swallowing with Aging

Age-related changes place older adults at risk for dys-
phagia for two major reasons: first, natural, healthy 
aging alters head and neck anatomy as well as the 
physiological and neural mechanisms that sustain 
swallowing function. This progressive change con-
tributes to the alterations in swallowing in healthy 
older adults, and is termed presbyphagia, which is 
also associated with a diminished functional reserve. 
Second, disease prevalence increases with age, and 
dysphagia is a comorbidity of many age-related dis-
eases and/or their treatments.4

Swallowing incorporates a complex system of 
both voluntary and involuntary sensory and motor 
behaviors. Six cranial nerves and ~ 40 sets of bilat-
erally innervated muscles coordinate the upper 
aerodigestive system, which coordinates the main 
functions of breathing and swallowing. Swallow-
ing occurs in four phases: the oral preparatory, oral 
phase, pharyngeal phase, and esophageal phase. A 
large number of muscles and structural movements 
of bone and cartilage are involved in the following 
tasks: (1) preparing food in the mouth for swallow-
ing, (2) propelling food through the oral cavity, and 
(3) propelling food through the pharynx and into the 
esophagus.5 To execute swallowing safely, the upper 
aerodigestive tract reconfigures from a system that 
valves and moves air for the purposes of breathing 
and talking to one that interrupts airflow and pro-
tects the airway while food, fluid, secretions, and 
medications are allowed to move into the digestive 
system for nutrition and hydration.4 With aging, 
a reduction in muscle mass and connective tissue 
elasticity results in loss of strength and range of 
motion.1 Aging causes several significant changes 
in the oropharyngeal swallow, although usually the 
swallowing mechanism maintains a functional abil-
ity to propel food safely and efficiently from the 
mouth through the pharynx and into the esopha-
gus. The overall effect of aging is to slow deglutition 
and to mildly but significantly reduce swallowing 
efficiency.6

The oral tongue is the primary propulsive force con-
trolling and forcing the bolus into the pharynx. Todd 
et al corroborated the findings of Robbins et al and 
others who reported that isometric tongue strength 
decreases with age. Furthermore, they demonstrated 
that, since young and older adults generate similar 
swallowing tongue strength, swallowing is a submax-
imal strength activity; yet older adults have less func-
tional reserve.7–9 The decrease in isometric tongue 
strength in older adults has been postulated to be due 
to generalized weakening of skeletal muscle caused by 
sarcopenia.10 Nicosia et al showed that patients with 
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Contributing Factors

Skeletal muscle strength begins to decline at approx-
imately age 45 and is associated with a 30 to 40% 
decrease in strength by the age of 80.15 This loss of 
muscle mass not only causes a reduction in strength, 
but also may be responsible for as much as a 30% 
decline in the highest rate of oxygen utilization an 
individual can achieve while performing an exercise 
requiring substantial skeletal muscle mass.16 Loss 
of skeletal muscle mass below a critical threshold, 
known as sarcopenia, leads to functional impair-
ment and frailty. Sarcopenia of the lingual muscles 
correlates with malnutrition, and tongue thickness 
also correlates with midarm muscle area thickness. It 
has been suggested that exercises improving tongue 
thickness and strength could improve oropharyngeal 
dysphagia.17

Xerostomia can hinder bolus flow and results 
in the retention of material along the upper 
digestive tract. Functional salivary production 
has been shown to remain fairly stable through-
out the age spectrum, although older adults have 
some decrease in salivary reserve due to the loss 
of saliva-producing acinar cells. Consequently, the 
drying effects of medications are generally more 
pronounced in older adults.4 More than 400 drugs 
are known to cause xerostomia, and the older 
adult is generally on multiple classes of drugs 
known to be offenders, such as anticholinergics, 
antihypertensives, antipsychotics, anti-Parkinson 
agents, diuretics, and sedatives. Xerostomia can 
also result from diseases such as Sjögren syndrome 
and scleroderma.

Neurological and neuromuscular disorders are 
among the most important causes of dysphagia in 
older adults. Stroke, Alzheimer disease, dementia, 
and Parkinson disease are all commonly associated 
with dysphagia. Dysphagia is highly prevalent follow-
ing stroke, with estimates ranging from 30 to 65%.18,19 
Complications associated with poststroke dyspha-
gia include pneumonia, malnutrition, dehydration, 
increased length of hospital stay, increased reha-
bilitation time, increased mortality, and increased 
health care costs.1,4,20 About 25% of stroke patients 
die of aspiration pneumonia within the first year of 
rehabilitation.

It has been estimated that up to 45% of patients 
institutionalized with dementia have some degree of 
swallowing difficulty.21 Patients with dementia show 
slowing of the swallowing process, which may lead 
to increased time needed to finish meals and, as a 
result, malnutrition. In addition, cognitive impair-
ment, motor deficits, and loss of appetite lead to fur-
ther difficulties with feeding. Pneumonia is one of 
the many dysphagia-related health problems seen in 
this group, and indeed is one of the common causes 
of mortality.1,22

oral phase dysphagia had lower isometric tongue 
strength compared with a control group; and Lazarus 
et al confirmed similar findings in patients with head 
and neck cancer.10,11 The role of tongue strengthening 
exercises in the treatment of dysphagia is not yet clear 
and requires further evaluation.

Another significant change in pharyngeal swal-
low with aging is a slightly delayed triggering of the 
pharyngeal stage.5 In those over age 65, the initiation 
of laryngeal and pharyngeal events, including laryn-
geal vestibule closure, is significantly longer than in 
younger adults.6 Although this may put the elderly 
at risk for penetration and aspiration, in this popu-
lation the importance of either one of these conse-
quences is still not thoroughly understood. Using 
flexible endoscopy and the penetration aspiration 
scale (PAS), Butler and colleagues reported the preva-
lence of penetration and aspiration to be 15 and 6.5%, 
respectively, in normal elderly individuals.12 Alter-
natively, Allen et al suggested that penetration and 
aspiration during swallowing represent pathological 
entities that are not present in people with normal 
swallowing function. They looked at the prevalence 
of penetration and aspiration on videofluoroscopic 
swallowing studies (VFSSs) in normal individu-
als without dysphagia. One individual aspirated on 
VFSS, and penetration, which was present in 11.4% 
of normal adults, was even more common with a 
liquid bolus.13 Although the implications of penetra-
tion and aspiration continue to be studied, one of 
the well-known associated risk factors is pooling in 
the pyriform sinuses and the resultant overflow into 
the laryngeal vestibule. Upper esophageal sphincter 
(UES) dysfunction can be a major contributor to post-
swallow residues. Logemann et al evaluated the bio-
mechanics of the swallowing of eight healthy adults 
between 21 and 29 years old and eight healthy adults 
over 80 years old. The study revealed that the move-
ment of the hyoid and larynx to open the UES was 
identical to the point of the upper sphincter opening 
for both groups. However, there was a significant dif-
ference between the hyoid and laryngeal movements 
after UES opening. Following the UES opening, the 
younger men continued the anterior motion of the 
hyoid bone until they achieved upper sphincter 
opening and went further by 8 mm. In older subjects, 
the hyoid anterior movement was just enough to get 
the UES open and only 1 to 2 mm more. The differ-
ence between the amount of hyoid anterior move-
ment needed to open the upper sphincter and the 
anterior amount of movement actually used in total 
reflects the functional reserve present in any given 
individual. Logemann and colleagues concluded that, 
although older men seemed to be more efficient in 
hyoid anterior movement and achieving UES open-
ing, they in fact exhibited no reserve. Functional 
reserve is needed to assist in recovery when some-
one becomes ill and loses muscle strength.14
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 ■ Physical Examination
A thorough head and neck examination with special 
attention to cranial nerve function should be per-
formed. In examining the oral cavity, the presence of 
xerostomia should be noted. Indirect or direct (flex-
ible) laryngoscopy, an integral part of the examina-
tion, may reveal pooling in the vallecula or pyriform 
sinuses, vocal fold hypo-/immobility, or a glottic gap 
during phonation (incomplete glottic closure).

The pharyngeal squeeze maneuver (PSM) first 
described by Bastian is a simple yet very valuable 
test to evaluate pharyngeal function during flex-
ible laryngoscopy.25 The patient is asked to make a 
high-pitched, strained phonation, preferably with 
increasing effort. This will, in a normal pharynx, 
result in obvious recruitment of the pharyngeal con-
strictor musculature.25,26 This recruitment is reduced 
or absent in patients with dysphagia. Belafsky and 
colleagues reported a good correlation between the 
PSM and the pharyngeal constriction ratio, which is 
a validated measure of pharyngeal strength.27

 ■ Diagnostic Evaluation
The clinical examination should aim to accomplish 
several purposes: (1) to identify possible causes of 
dysphagia and assess swallowing safety or risk of 
aspiration, (2) to decide on oral versus alternative 
feeding routes, (3) to clarify the need for further 
assessment, and (4) to establish baseline or pretreat-
ment clinical data to be compared with follow-up 
assessment after intervention or during the course 
of progressive diseases.28

Bedside evaluation techniques have been shown 
to be of limited value in assessing dysphagia.29 
Numerous methods can be used for bedside evalua-
tion, more commonly in hospitalized patients, aim-
ing to identify those at risk for aspiration. The main 
advantage of bedside evaluation is that many of the 
health care providers, such as the nursing staff who 
generally have initial contact with the patient, can 
be trained in bedside evaluations, triggering a formal 
assessment if needed.

Patient self-evaluation can be helpful in deter-
mining functional health status and health-related 
quality of life. Developed by Belafsky et al, the Eating 
Assessment Tool (EAT-10) is a useful clinical instru-
ment for documenting initial dysphagia severity and 
the patient’s treatment response.30 The MD Anderson 
Dysphagia Inventory, developed for head and neck 
cancer patients, and the Sydney Swallow Question-
naire are some of the other instruments available for 
patient self-assessment.31,32

 ■ Clinical Assessment: History
Dysphagia is likely to be underestimated in the older 
adult. Often perceived as a normal part of aging, it 
may not be brought up by the patient as a complaint 
until significant changes in diet have been made to 
compensate. Therefore, diligence is necessary and 
mandates a thorough history on all geriatric patients. 
Most patients will present with the complaint of 
“food getting stuck” in their throat. The site at which 
a patient localizes dysphagia is of limited value. 
Although dysphagia in the retrosternal or epigastric 
areas frequently corresponds to the site of obstruc-
tion, dysphagia localized to the neck may be from 
either the lower esophagus or the hypopharynx.23 
Nonetheless, a careful history can help differentiate 
between oropharyngeal and esophageal dysphagia. 
Patients with oropharyngeal dysphagia will more 
commonly exhibit symptoms of coughing/chok-
ing during meals, especially with liquids. They may 
also have nasal regurgitation and problems with oral 
competence.

A clear understanding of the current diet of the 
patient is important. The types of foods causing dif-
ficulty should be determined, as well as the number 
of meals eaten during a day, aiming to understand 
whether the patient has an adequate nutritional 
intake. Unintentional weight loss in the elderly is 
generally a sign of malnutrition and increases the 
risk of opportunistic infections such as pneumo-
nia. By leading to malnutrition, dysphagia promotes 
frailty, which in turn may worsen the dysphagia in 
older adults.

Aspiration risk should be carefully assessed and 
may be present at either initial swallow or postswal-
low due to residue in the hypopharynx. As a result 
of altered superior laryngeal nerve function in this 
population, silent aspiration is not rare. A history of 
aspiration pneumonia and hospitalizations should 
be sought and noted. In the United States, the preva-
lence of aspiration pneumonia in nursing homes has 
been reported to be as high as 8%.24

Regurgitation of undigested food, solid food 
dysphagia, borborygmi in the throat, postprandial 
or nocturnal coughing, and halitosis are all symp-
toms that should raise suspicion of the presence of 
a Zenker diverticulum. These patients are also at 
risk for malnutrition, dehydration, and aspiration 
pneumonia. A history of neurological disorders, 
prior surgeries, or head and neck cancer treat-
ment should alert the clinician to the possibility 
of dysphagia. The cognitive status of the patient 
is of importance to understand the inherent diffi-
culties with feeding as well as to plan therapeutic 
strategies.
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is suspected, VFSS can be ordered to be followed by 
a formal esophagogram during the same visit. An 
important advantage to this approach is that aspi-
ration is ruled out during the VFSS. Therefore, the 
patient can safely be given higher volumes of barium. 
Not doing a formal esophagogram, but rather using 
a single esophageal screening swallow, has been 
reported to have a limited sensitivity (63%).38

Transnasal Esophagoscopy (TNE)

With transnasal esophagoscopy (TNE), the entire 
upper aerodigestive tract from the nasal vestibule to 
the gastric cardia can be visualized safely.39 It is easy 
to perform, well tolerated, safe, and requires only top-
ical anesthesia. Indications include dysphagia, globus 
sensation, laryngopharyngeal and gastroesophageal 
reflux, and head and neck cancer screening. The rela-
tively high prevalence of esophageal pathology in 
this group makes TNE an important addition to the 
diagnostic armamentarium.39

Pharyngeal and Esophageal Manometry

Pharyngeal and upper esophageal sphincter manom-
etry allows for objective measurement of pharyngeal 
and UES coordination and quantitative pressures. 
Pharyngeal strength and contraction duration, the 
completeness of UES relaxation, and coordination 
between the pharynx and UES during swallowing 
can also be evaluated.40

Esophageal manometry is used to examine upper 
and lower sphincter function, as well as esophageal 
peristalsis. Decline of peristaltic amplitude and inef-
fective peristalsis, polyphasic waves in the esopha-
geal body, incomplete sphincter relaxation, and 
esophageal dilation have been reported in healthy 
older adults.41–43

Adjunct Testing

Depending on the patient’s symptoms 24 hour pH-
impedance testing, scintigraphy, ultrasonography, 
and computed tomography may also be useful in 
diagnostic testing.

 ■ Management
The two principal goals in managing geriatric dys-
phagia include (1) ensuring that swallowing is safe 
and the airway is protected and (2) preventing 
dehydration and malnutrition. Although at times 
these goals can be achieved through surgical means, 
the mainstays of treatment consist of swallowing 

 ■ Methods of Evaluation

Flexible Endoscopic Evaluation of 
Swallowing and Sensory Testing  
(FEES and FEESST)

These are convenient and efficient methods of testing 
that can be performed in the clinic and the in-patient 
setting. They were introduced by Langmore and col-
leagues in the late 1980s.33,34 The principle advan-
tages of flexible endoscopic evaluation of swallowing 
(FEES) include (1) direct observation of the laryngo-
pharyngeal anatomy, (2) ease of execution in every 
otolaryngology office, (3) no need for a radiology 
technician, and (4) no X-ray exposure or administra-
tion of barium. Limitations of FEES include (1) it does 
not allow evaluation of the oral phase, and (2) evalu-
ation of the pharyngeal phase is limited owing to the 
“whiteout” that occurs during swallowing. However, 
premature spillage, penetration and aspiration, pool-
ing in the vallecula and pyriform sinuses, and spill-
age into the larynx due to postswallow residue can 
all be thoroughly evaluated. Although FEES is lim-
ited in showing UES transit, residue in the pyriform 
sinuses may be an indirect sign of UES dysfunction.

The importance of sensation in swallowing and 
hence airway protection has been studied exten-
sively. In flexible endoscopic evaluation of swallow-
ing and sensory testing (FEESST), airway protection 
is assessed by the delivery of a discrete pulse of air 
to the epithelium innervated by the internal branch 
of the superior laryngeal nerve to elicit the laryngeal 
adductor reflex, a brainstem-mediated airway-pro-
tective reflex.35 This enables the clinician to obtain 
vital information about potential performance before 
the administration of any food bolus.36 Setzen et al 
reported a strong association between motor func-
tion deficits and hypopharyngeal sensory deficits. In 
their study, patients with an absent laryngeal adduc-
tor reflex showed significant aspiration with thin liq-
uids and pureed foods.36

Videofluoroscopic Swallowing Study 
(VFSS)

Also known as a modified barium swallow (MBS) 
study, VFSS is the mainstay of dysphagia evaluation. 
This is the only study that will show all four phases of 
swallowing. VFSS is useful in (1) identifying existing 
oral and pharyngeal motility disorders, (2) ascertain-
ing the presence of penetration or aspiration during 
swallowing of any food consistency, (3) assessing the 
speed of the swallow, and (4) evaluating the effects of 
therapeutic strategies such as postural changes, and 
swallowing maneuvers.37 VFSS is also useful in moni-
toring response to therapy. If esophageal pathology 
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For dysphagia with intractable aspiration, when 
all else has failed, surgery may be required. Occasion-
ally, relatively simple procedures that may improve 
swallowing include augmentation of a paralyzed 
vocal fold, and cricopharyngeal myotomy or che-
modenervation for cricopharyngeal spasm. Often, 
however, more radical surgery involving definitive 
separation of the airway and digestive tract is neces-
sary. Options include glottic closure, laryngotracheal 
separation, and laryngectomy.

therapy, dietary modifications, and close monitor-
ing of nutritional intake. A multidisciplinary team 
approach to dysphagia, which includes nurses, dieti-
tians, speech-language pathologists, occupational 
and physical therapists, as well as primary care phy-
sicians, neurologists, otolaryngologists, and gastro-
enterologists ensures comprehensive and successful 
management.

Surgical Management

Zenker diverticulum, cricopharyngeal (CP) achalasia 
and aspiration, all of which are more prevalent in the 
geriatric population, can be managed successfully 
with surgery.

With the advancement of endosurgical tech-
niques, endoscopic approaches to Zenker diver-
ticulum and CP achalasia have gained popularity. 
The apparent advantages of shorter surgical times, 
shorter or no hospital stay, earlier return to a normal 
diet, and increased patient comfort have been rein-
forced by reduced complication rates.44–46 These are 
all significant benefits in a patient population usually 
presenting with a myriad of comorbidities and frailty 
due to malnutrition. Traditional open approaches, 
despite the advantage of providing tissue for histo-
pathological analysis in the case of a Zenker divertic-
ulum, are generally associated with longer hospital 
stays and higher rates of complications that include 
fistula formation and vocal fold paralysis.47 In man-
aging a Zenker diverticulum (Figs. 16.1 and 16.2), 
the decision regarding surgery and what approach to 
employ depends on how symptomatic the patient is, 
the risk of aspiration pneumonia, surgical risk strati-
fication, the size of the diverticulum, and the anat-
omy of the patient.

The most important component of successful sur-
gical management is correct patient selection. Unfor-
tunately, there are no well-established guidelines for 
either a Zenker diverticulum or CP achalasia, and 
practices vary from institution to institution. There 
is no gold standard diagnostic test for dysfunction of 
the CP. Most commonly, diagnosis is based on find-
ings of postcricoid pooling on flexible laryngoscopic 
examination and abnormalities on videofluoroscopy. 
The latter, however, is largely subjective, and postcri-
coid pooling is nonspecific. As a result, clinical sus-
picion plays an important role in decision making.48 
Improvement in symptoms following botulinum toxin 
injections into the CP muscle has been used as a diag-
nostic tool, and further treatment has sometimes been 
based on the outcomes of therapeutic trial injections. 
Interestingly, Lawson and Zaninotto et al reported a 
72.7% success rate with CP myotomy in patients who 
did not respond to botulinum toxin injection.49,50

Fig. 16.1 Zenker diverticulum.

Fig. 16.2 Diverticulotomy performed with stapling.
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Within this group, patients with dementia require 
special attention. Approximately 30% of all PEG tubes 
have reportedly been placed in patients with demen-
tia, and as many as 10% of institutionalized elderly 
patients are tube fed.55 Difficulty eating is common 
in advanced dementia and is usually an indicator of 
the terminal phase of the illness. Finucane et al, in 
reviewing the literature, noted that PEG placement 
did not prevent aspiration pneumonia, improve sur-
vival or function, or reduce the risk of pressure sores 
or infections.56 Other studies have also confirmed that 
nutritional markers such as albumin do not improve 
with enteral feeding.55 Feeding tubes do not prevent 
aspiration, which is a common reason for clinicians 
to recommend them. Although there is no survival 
benefit, mortality among tube-fed patients is not 
insignificant, and among the subgroups of patients 
requiring tube feeding, patients with dementia have 
been shown to have the worst prognosis.4 There-
fore, decisions should be individualized after thor-
ough discussion with the family, caregivers, and the 
responsible primary care physician.

 ■ Summary
Dysphagia in the older adult is a complex problem 
due to the nature of the swallowing system and added 
comorbidities of an aging patient. Effective manage-
ment of dysphagia depends on early recognition and 
intervention. This is best accomplished by a multi-
disciplinary “team” of health care professionals dedi-
cated to dysphagia care. Although the principal goal 
of the clinician is to improve swallowing safety and 
to ensure adequate nutrition and hydration, it should 
be remembered that dysphagia is also a significant 
quality of life concern. It leads to significant anxi-
ety, social isolation, and depression. A good under-
standing of the swallowing disorder, relevant ethical 
considerations, and available medical and surgical 
management options offers the best opportunity of 
optimizing care in the elderly patient with dysphagia.

Nonsurgical Management

Swallowing therapy plays a central role in the man-
agement of dysphagia. Compensatory strategies 
focus on implementation of techniques to facilitate 
continued safe oral intake of food and/or liquid, or to 
provide alternate sources of nutrition to satisfy nutri-
tional needs. They are intended to have an immedi-
ate benefit on functional swallowing through simple 
adjustments that allow patients to continue oral 
diets safely. Compensatory strategies include, but are 
not limited to, postural adjustments of the patient, 
swallowing maneuvers, and dietary modifications.1 
Because of the many conflicting studies on swallow-
ing maneuvers, the role of these strategies without 
formal therapy has yet to be determined.1,51,52

Swallowing rehabilitation, on the other hand, 
aims to improve physiology through exercises. These 
exercise-based swallowing interventions have been 
shown to improve functional swallowing, mini-
mize or prevent dysphagia-related morbidities, and 
improve impaired swallowing physiology. Although 
some are directed to comprehensive swallowing 
function, others focus on strengthening individual 
swallow subsystems.1,51,53 Early and vigorous inter-
vention can have a significant positive impact on 
dysphagia-related complications such as malnutri-
tion and pneumonia.

Enteral Feeding

This is one of the most challenging decisions to be 
made while caring for an elderly patient with dys-
phagia. There are many difficult ethical and quality 
of life considerations involved in the decision-mak-
ing process. The use of percutaneous endoscopic 
gastrostomy (PEG) tubes has been increasing, and 
indications have expanded to include prolonged 
illness, neurological and psychiatric disorders, 
anorexia, attempted prevention of aspiration pneu-
monia, treatment of malnutrition, and the need to 
provide comfort and improve functional status.4,54 
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Sleep Disturbance in the  
Geriatric Population
Christopher G. Larsen and M. Boyd Gillespie

 ■ Introduction
With an aging population and obesity epidemic, 
interest in snoring and obstructive sleep apnea has 
increased substantially over the past 10 to 15 years. 
Obstructive sleep apnea (OSA) is a prevalent disor-
der characterized by intermittent cessation of air-
flow during sleep that results in excessive daytime 
sleepiness. Sleep disturbance prevalence is ~ 60% in 
elderly adults and affects nearly 67% of institutional-
ized elderly adults.1,2

The most common presenting symptoms, and the 
reason many patients seek treatment, are habitual 
snoring, bed partner/family complaints, and exces-
sive daytime somnolence (EDS). Snoring affects 40% 
of men and 20% of women3 and frequently is the 
first sign of more serious underlying OSA. Geriatric 
patients also more frequently complain of insomnia 
and poor sleep quality.

Other associated symptoms that may suggest a 
sleep disorder include witnessed apnea, nighttime 
arousal, daytime sleepiness or fatigue, motor vehicle 
accidents, poor sleep quality, morning headaches, 
and mood disorders or memory concerns. Due to 
this wide array of symptoms and manifestations, 
sleep disorder management requires a multidisci-
plinary approach. Sleep medicine is the new medical 
discipline dedicated to treating this condition. Sleep 
medicine teams frequently involve geriatricians, 
pulmonologists, otolaryngologists, neurologists, 
psychiatrists, oral/maxillofacial surgeons, dentists, 
behavioral psychologists, and nutritionists working 
together to care for patients with sleep disorders.

This chapter describes the evaluation and man-
agement of sleep disorders in elderly patients.

 ■  Classification of Obstructive 
Sleep-Related Breathing 
Disorders

Sleep-related breathing disorders range in severity 
from airway narrowing with increased airway effort 
due to upper airway resistance, to partial (hypopnea) 
or complete (apnea) airway collapse with respiratory 
effort (Tables 17.1 and 17.2).4

Snoring is generated by primarily pharyngeal 
soft tissue vibration. The sound is typically louder 
on inspiration when negative pressure and increased 
tissue collapse are more likely. It can occur without 
hypopnea or apnea; however, nightly snorers have 
at least a 50% probability of having sleep apnea on 
overnight polysomnography (PSG). Therefore test-
ing is recommended in nightly snorers, especially if 
there is associated daytime sleepiness or fatigue. If 
testing is performed and the overall apnea-hypopnea 
index (AHI) is fewer than five events per hour, the 
diagnosis is primary snoring. Patients with primary 
snoring rarely have EDS and feel well rested after 
a full night of sleep. Patients who have fatigue and 
snoring but PSG testing negative for OSA should be 
screened for sleep deprivation, restless leg syndrome, 
hypothyroidism, depression, anemia (especially iron 
deficiency), Addison disease, collagen vascular dis-
eases, and medication side effects. Polypharmacy is 
especially prevalent in the geriatric population, and 
each patients’ medication list should be monitored 
and minimized at every opportunity and clinical 
encounter.

Upper airway resistance syndrome (UARS) refers 
to patients who do not meet PSG criteria for OSA 
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medical comorbidities and/or excessive daytime 
sleepiness. The American Academy of Sleep Medicine 
defines mild OSA as AHI between 5 and 15, moder-
ate between 15 and 30, and severe if > 30.7 Practitio-
ners should be cognizant that variations in published 
standards of hypopnea definition may result in dif-
ferences in AHI.8

 ■  Epidemiology of OSA  
in Older Adults

Population-based studies estimate that 2 to 3% of 
female adults and 4 to 5% of male adults have OSA.9,10 
OSA, however, is even more prevalent in elderly 

but have daytime somnolence or other debilitating 
somatic complaints.5 In this condition, the PSG dem-
onstrates progressively increased respiratory effort 
(abnormally negative intrathoracic pressure, with 
snoring and increased diaphragmatic electromyo-
graphic [EMG] activity) terminating in an arousal, 
commonly referred to as respiratory effort–related 
arousals (RERAs).6

The diagnosis of OSA is established if the patient 
has both an AHI of ≥ 5 with evidence of excessive 
daytime sleepiness or fatigue. Each episode must last 
a minimum of 10 seconds and be associated with 
reduction in oxygen saturation of 3 to 4% and ter-
minated by brief, often unconscious, arousals from 
sleep. The United States Medicare guidelines diag-
nose OSA if the AHI is > 15 or an AHI of 5 with two 

Table 17.1 Respiratory event definitions and types

Respiratory event Definition

Apnea A cessation of airflow for at least 10 seconds

Hypopnea A reduction in airflow (> 30%) at least 10 seconds with > 4% oxyhemoglobin desaturation or 
electroencephalogram (EEG) arousal

Respiratory effort–related 
arousal (RERA)

Sequence of breaths for at least 10 seconds with increasing respiratory effort of flattening of 
the nasal pressure waveform leading to an arousal from sleep when the sequence of breaths 
does not meet criteria for an apnea or hypopnea

Obstructive Continued thoracoabdominal effort in the setting of partial or complete airflow cessation

Central The lack of thoracoabdominal effort in the setting of partial or complete airflow cessation

Mixed A respiratory event with both obstructive and central features; generally begin as central events 
and end with thoracoabdominal effort without airflow

Used with permission from Kushida CA, Littner MR, Morgenthaler T, et al. Practice parameters for the indications for polysomnogra-
phy and related procedures: an update for 2005. Sleep 2005;28(4):499–521.

Table 17.2 Indices of sleep disordered breathing

Indices Definition

Apnea index Number of apneas per hour of total sleep time

Hypopnea index Number of hypopneas per hour of total sleep time

Apnea-hypopnea index (AHI) Number of apneas and hypopneas per hour of total sleep time

Respiratory effort–related arousals (RERAs) index Number of RERAs per hour of sleep time

Respiratory disturbance index (RDI) Number of apneas, hypopneas, and RERAs per hour of total sleep time

Central apnea index Number of central apneas per hour of total sleep time

Mixed apnea index Number of mixed apneas per hour of total sleep time

Used with permission from Kushida CA, Littner MR, Morgenthaler T, et al. Practice parameters for the indications for polysomnogra-
phy and related procedures: an update for 2005. Sleep 2005;28(4):499–521.
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staying asleep (decreased sleep efficiency).20 The 
number of comorbid medical conditions that have 
an impact on sleep increases with age and includes 
depression, arthritis, gastroesophageal reflux, pros-
tate hypertrophy, and renal and pulmonary disor-
ders.21 In addition, older adults are more likely to take 
medications such as diuretics that cause nocturia. As 
a result, up to 40% of older individuals complain of 
sleep disturbance and undesired daytime fatigue.22 
Additionally, the increased sleep latency, decreased 
sleep efficiency, and lack of awareness regarding the 
need for less sleep all combine to create greater com-
plaints of insomnia in this population.

The challenge for the physician presented with 
complaints of sleep disturbance in older individu-
als is to determine the degree to which symptoms 
are related to normal age-related changes in sleep 
pattern versus an underlying medical disorder or 
primary sleep disorder. A thorough review of the 
patient’s past medical history, medications, and alco-
hol and stimulant (caffeine, nicotine) use is required. 
Improving the management of comorbid conditions 
(i.e., BPH, arthritis, gastroesophageal reflux dis-
ease [GERD], depression) will often result in sleep 
improvement. A sleep diary to determine times of 
sleep can also be helpful because many older adults 
may suffer from advanced sleep phase circadian dis-
order (early evening sleep; early morning awaken-
ing). Advanced sleep phase disorder can often be 
effectively managed by encouraging more sunlight 
exposure and walks in the late afternoon as well as 
melatonin therapy during early morning hours.

Sleep is divided into rapid eye movement (REM) 
and non–rapid eye movement (NREM) stages. About 
80% of normal sleep is spent in NREM and is staged 
according to electroencephalographic measures. 
Stage N1, formerly stage 1, is a transition from wake-
fulness to sleep with a mixed voltage pattern with 
waves of 3 to 7 cycles per second. Most patients feel 
as though they are awake during this stage. Stage 
N2, formerly stage 2, is identified by spindles and K 
complexes and marks the onset of true sleep. Stage 
N3, formerly stage 3 and 4, is also referred to as slow 
wave sleep and is distinguished by delta waves. Stage 
R is characterized by low-frequency mixed ampli-
tude waves and rapid eye movements. REM typically 
alternates with NREM periods in 90 minute cycles 
and increases in length as the night goes on. Early-
onset REM (< 8 min) is a marker of narcolepsy, which 
is formally diagnosed with multiple sleep latency 
testing (MSLT).

Time spent in REM sleep decreases with age.23 A 
large meta-analysis of 65 overnight studies repre-
senting 3,577 subjects across the entire age spec-
trum reported that with age, the percentage time 
in REM sleep decreased, whereas the percentages of 
light sleep (N1 and N2) increased.24 Muscle tone is 

patients. In a large study of randomly selected com-
munity-dwelling elderly, 65 to 95 years of age, Ancoli-
Israel et al reported prevalence rates of 62% for an 
AHI > 10, 44% for an AHI > 20, and 24% for an AHI 
> 40.2 She found that with 18 year follow-up in this 
population, the AHI remained relatively stable and 
changed only with associated changes in body mass 
index (BMI).11 The Sleep Heart Health Study showed 
similar findings of increased prevalence of OSA in 
elderly patients compared with the general popula-
tion.12 Patients age 60 to 69 had 51% prevalence of 
mild to moderate OSA, with increases minimally 
(54% age 70–79; 56% age 80–89) in prevalence with 
increasing age. Disease severity was not observed to 
increase significantly with age.

Other studies estimate that the rate of mild OSA 
is 50 to 60% in older men and 30 to 40% in older 
women.13 This may be due to loss of muscle tone asso-
ciated with physiological aging.14 Additional theories 
include decreased hormone levels15 and changes in 
the ratio of fat to lean body mass.13 Menopausal sta-
tus appears to be a major determinant in the rate of 
OSA in females. In the large population-based Wis-
consin Sleep Cohort Study, postmenopausal women 
were found to be 3.5 times more likely than pre-
menopausal women to have AHI > 15.15 OSA may be 
underdiagnosed in women due to a lower index of 
suspicion in practitioners, and atypical symptoms 
reported by female patients. Insomnia, heart palpi-
tations, and ankle edema were more common com-
plaints in women with OSA.16

Although the prevalence of OSA appears to 
increase steadily with age (and weight), the overall 
prevalence of the disorder appears to level off after 
the age of 65.17 The reason for this may be explained 
in one of three ways: (1) the incidence of new cases 
decreases after age 65, (2) the mortality rate of OSA 
increases after age 65, or (3) OSA remits with older 
age. Because there is little evidence to support death 
caused directly by OSA (except in extreme cases) 
or spontaneous remission, a reduction in incidence 
after age 65 is the currently favored explanation13; 
however, further investigation is needed to clarify 
this issue.

 ■ Sleep Patterns in Older Adults
Changes in sleep duration and architecture occur as a 
normal part of the aging process.18 The duration and 
need for sleep appear to lessen with age. The average 
70-year-old sleeps only 6 hours per night but may 
make up for loss of nocturnal sleep with daytime 
naps of 1 to 2 hours.19 In addition, many older adults 
have increased difficulty falling asleep once in bed 
(increased sleep latency), and have greater difficulty 
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 ■  Clinical Sequelae of  
Untreated OSA

Untreated OSA has been associated with reduced 
quality of life and serious health conditions. In a ret-
rospective review, He et al found that untreated OSA 
patients with an apnea index (AI) > 20 had a statisti-
cally significant increase in mortality compared with 
patients whose AI was < 20.33 The authors also found 
that untreated patients with moderate to severe OSA 
had a 63% probability of surviving 8 years, compared 
with 96% in people with mild or absent OSA. Fatal 
and nonfatal motor vehicle accidents increase 2.5-
fold in patients with untreated OSA.34

Reduced Quality of Life

Daytime sleepiness caused by OSA often results in 
decreased energy, loss of concentration, poor job 
performance, and reduced social interaction. Execu-
tive function, attention, and working memory have 
all been shown to improve with CPAP treatment.35 
In addition, the loud snoring that often accompa-
nies OSA may result in poor sleep for the sufferer’s 
bed partner. Quality of life has been shown to be 
improved in both the treated individuals and their 
bed partners.36

An AHI > 5 is associated with concentration dif-
ficulty but not memory tasks on self-assessment 
exams.37 OSA patients demonstrated significant 
improvement in daytime sleepiness38 and in numer-
ous quality of life parameters, including physical 
functioning, social functioning, vitality, and general 
health perception after treatment.39 The relationship 
between sleepiness (defined by the Epworth Sleepi-
ness Scale [ESS]) and severity of OSA (defined by 
AHI) is not well defined, especially in older popula-
tions. Many elderly people have an AHI > 5 but report 
minimal or no daytime sleepiness.40 Unless the AHI 
is > 15 or there is significant oxygen desaturations 
(< 90%) and hypertension or coronary artery disease, 
most would not argue for invasive treatment in this 
subset of nonsleepy elderly patients.

Cardiovascular Morbidity and Mortality

Evidence supports an increase in cardiovascu-
lar mortality 5 years after diagnosis in untreated 
patients with severe OSA compared with treated 
patients.33,41 Another study found that men under age 
60 with snoring and EDS were twice as likely to die 
over a 10-year study period compared with subjects 
without snoring or snoring without sleepiness.42 Two 

also decreased during REM sleep, so many patients 
with OSA have worsening of their upper airway col-
lapse and AHI during REM. This fact may also help 
explain why elderly patients show no progression or 
worsening in their OSA with time. Bixler et al studied 
over 4,000 patients age 22 to 100 and found that the 
prevalence of OSA increases with age but the sever-
ity decreases.25 For this reason, OSA severity based 
on AHI is often adjusted in elderly populations such 
that sleep-disordered breathing is considered pres-
ent when AHI is > 10 to 15 in patients older than 60.

 ■ Pathophysiology
OSA is caused by physical obstruction of the pha-
ryngeal airway during sleep. Most patients with 
OSA have worsening of symptoms during REM sleep, 
when muscle paralysis is physiological. Obesity, soft 
tissue (soft palate, tonsil, tongue base) hypertrophy, 
and craniofacial structure (retrognathia) contribute 
to one’s propensity to collapse by increasing the 
extraluminal tissue pressure surrounding the upper 
airway. Obstruction occurs when the pharyngeal 
dilator muscles are unable to overcome the negative 
pressure in the upper airway. The four primary sites 
of obstruction are the nasal airway, palate, tongue 
base, and hypopharynx.

Nasal obstruction may worsen OSA or contrib-
ute to poor continuous positive airway pressure 
(CPAP) tolerance, but it is rarely the sole cause of 
OSA. Patients often report more restful sleep and 
improved symptoms of snoring and fatigue after 
surgery to improve nasal airflow, but objective mea-
sures of OSA severity (i.e., AHI and lowest oxygen sat-
uration) rarely change.26 This may be due to lessened 
open-mouth breathing during sleep, which increases 
upper airway collapsibility and may decrease the 
efficacy of pharyngeal dilator muscles.27

Obesity is a major risk factor for OSA. Increased 
fat deposition in the soft tissues of the neck narrows 
the upper airway and may offset the ability of the 
pharyngeal dilators to maintain airway patency.28

Neuromuscular tone can decrease with age and 
certainly contributes to the patency of the upper air-
way. The genioglossus muscle is considered the most 
important muscle in maintaining pharyngeal airway 
patency in OSA. Klawe and Tafil-Klawe showed that 
genioglossus muscle activity increases in response 
to hypoxia, but there is a decreased genioglossus 
muscle response to hypoxia in older cohorts.29 Sur-
gery to address tone and tension in this region has 
been developed,30,31 and clinical trials are ongoing for 
hypoglossal nerve stimulation therapy.32
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MVAs in the 5 years before their study, compared 
with those with lower or no apnea.54 Hospitalized 
MVA victims were found to be 6.3 times more likely 
to have an AHI > 5 compared with community con-
trols.9,54,55 In addition, patients with severe OSA per-
formed significantly worse on a driving simulator 
than controls without OSA.56

Insulin Resistance

Untreated OSA has been shown to be an indepen-
dent risk factor for insulin resistance.57 Thus OSA may 
contribute to the development of diabetes and meta-
bolic syndrome (the term used to describe concomi-
tant obesity, insulin resistance, hypertension, and 
dislipidemia). Assoumou et al reviewed a cohort of 
806 elderly healthy patients (age 68) and found that 
9.8% had metabolic syndrome, and 55.9% had OSA 
(diagnosed on home sleep study, positive for AHI > 
15).58 Of the subset with OSA, 12.5% had metabolic 
syndrome. The oxygen desaturation levels and AHI 
were found to be significantly higher in the subset 
of patients with metabolic syndrome. Hypoxia and 
the oxyhemoglobin desaturation index appeared to 
be the most important factors explaining the asso-
ciation between metabolic syndrome (specifically 
hyperglycemia and hypertension) and OSA.

 ■  Diagnosis of Sleep Disorders  
in Elderly Patients

A high index of suspicion should accompany evalua-
tion of geriatric patients with obesity (BMI > 30), loud 
nightly snoring, restless sleep, and daytime fatigue 
or somnolence. In a large review by Young et al, 70% 
of adult patients with OSA were found to be obese.59 
Patients who have symptoms without obesity and 
patients with a positive family history of OSA should 
also warrant investigation with a detailed sleep his-
tory and physical examination. The ESS is an easy to 
administer, widely used scale to risk stratify patients 
with daytime sleepiness at risk for OSA (Fig. 17.1). 
OSA is much more likely in patients with an ESS > 10.60

A thorough sleep history (Table 17.3) helps iden-
tify patients at risk for primary sleep disorders seen 
most commonly in older adults: OSA, restless leg 
syndrome, insomnia, and sleep maintenance insom-
nia. Sleep maintenance insomnia is characterized by 
early morning awakening and is highly associated 
with alcohol abuse or depression in older individu-
als.61 Patients suspected of a primary sleep disorder 
should undergo overnight PSG to establish the pres-
ence and severity of a sleep disorder.

large prospective studies suggest that untreated, 
loud, habitual snorers have a 30 to 40% greater risk 
of myocardial infarction or stroke relative to non-
snorers.43,44 The risk of sudden cardiac death is signif-
icantly increased in patients with OSA and nocturnal 
hypoxemia, with increased risk in patients with 
more severe disease.45

The foregoing information is contradicted by 
a recent study by Johansson et al.46 In community-
dwelling elderly age 71 to 87, OSA does not appear to 
be associated with cardiovascular disease (CVD) or 
mortality, but central sleep apnea might be a patho-
logical marker of CVD and impaired systolic function 
associated with higher mortality. One limitation of 
this study was use of in-home sleep studies and a 
limited sample size (331 patients).

Hypertension

It has been hypothesized that systemic arterial hyper-
tension is the cause of the increased cardiovascular 
morbidity and mortality observed in patients with 
sleep-disordered breathing.47 Laboratory evidence has 
demonstrated that sustained arterial hypertension can 
be induced in animal models subjected to intermit-
tent airway occlusion during sleep.48 The current epi-
demiological evidence shows a strong and consistent 
association between OSA and hypertension. Four large 
population-based cross-sectional studies found that 
the odds of hypertension were 1.4 to 2.5 times greater 
in patients with an AHI > 5 compared with controls.49–51 
Finally, prospective analysis of the Wisconsin Sleep 
Cohort study found that even minimal elevation in 
AHI scores was associated with a 42% increased risk of 
developing hypertension over a 4 year period.52

Level I evidence shows that treatment of OSA 
with CPAP has been reported to lower blood pres-
sure (mean, systolic and diastolic) by ~ 10 mm Hg.53 
In this study, 60 consecutive patients with moderate 
to severe OSA were randomized to either effective 
or subtherapeutic nasal CPAP for 9 weeks. Apneas 
and hypopneas were reduced by 95% in the treat-
ment group and 50% in the subtherapeutic group. 
The blood pressure reduction demonstrated in the 
therapeutic CPAP-treated group would be predicted 
to reduce coronary heart disease event risk by 37% 
and stroke risk by 56%.

Motor Vehicle Accidents

Epidemiological and laboratory evidence both sug-
gest that patients with OSA are at greater risk for 
motor vehicle accidents (MVAs). Patients with an AHI 
> 15 were 7.3 times more likely to have had multiple 
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Three screening questions are helpful in deter-
mining the likelihood of sleep disorder in elderly 
patients1:

1. Is your sleep restorative, or restful?
2. Does lack of sleep or fatigue intrude in your 

daily activities?
3. Does your bed partner or caregiver report 

any unusual sleep behavior such as breathing 
pauses, snoring, gasping, or abnormal 
movements?

Medication review is especially important in 
the geriatric patient due to more pronounced side 
effects in this population. Hypnotic medications may 
diminish in effectiveness with time, and medications 
prescribed for insomnia, such as benzodiazepines, 
often worsen OSA. Don’t forget to ask about over-
the-counter medications and herbal supplements! 
Melatonin is used by many to promote sleep, but it 
should be used with caution in patients on antico-
agulant medications such as warfarin. Chamomile 
tea is also a “relaxing” supplement, but it should not 
be used in patients with ragweed allergy, because 
the plants are related. Valerian is reportedly help-

Please answer the following questions based on this scale: 

 0:  would never fall asleep 

 1:  slight chance of dozing 

 2:  moderate chance of dozing 

 3:  high chance of dozing 

 

Situation      Chance of Dozing 

Reading      __________ 

Watching TV      __________ 

Sitting in a public place (i.e. theater or meeting) __________ 

Driving a car, stopped at a traffic light   __________ 

As a passenger in a car for an hour, no break  __________ 

During quiet time after lunch without alcohol  __________ 

Lying down to rest when circumstances permit __________ 

 Fig. 17.1 Epworth Sleepiness Scale.

Table 17.3 Elements of sleep history

Time in bed

Time to sleep

Number of awakenings

Time awake

Food consumption and timing of meals

Amount and time of alcohol consumption

Presence of snoring, witnessed apnea, gasps, or choking 
spells

Presence of involuntary leg motion or jerking

Level of daytime sleepiness or fatigue (Epworth Sleepiness 
Scale score)

Time, duration, and number of daytime naps

Medications, including over the counter and herbal

Waking with a headache
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be more difficult to obtain reliable results with this 
maneuver in elderly patients with early cognitive 
impairment.

Office-based supine airway evaluation with 
fiberoptic scopes may provide more insight into the 
level of airway collapse than seated erect patient 
position.65 Sleep MRI has also been used with some 
success in predicting level of airway obstruction in 
snoring patients.66

Drug-induced sleep videoendoscopy has been 
described to guide more effective surgical interven-
tion.67 Sleep is induced in a monitored setting via 
pharmacological means, and fiberoptic nasopharyn-
goscopy is performed to better identify the site(s) 
of airway collapse. This idea seems to hold the most 
promise for surgical planning, but the downside is 
the expense and risk associated with sedation. The 
levels of obstruction can be treated with surgery to 
relieve obstruction in each area for patients that can’t 
tolerate or refuse CPAP. The modified Mallampati 
score (i.e., I–IV without tongue extrusion) (Fig. 17.3) 
has been shown to correlate poorly with airway level 
obstruction on sleep endoscopy in patients with 
OSA.68 It does predict difficult intubation and surgical 
success (along with tonsil hypertrophy) using UPPP 
alone to treat OSA (more success with palate position 
I or II and tonsil hypertrophy).

Nocturnal PSG is the gold standard for diagnosis of 
OSA, but more and more patients are being screened 
with home studies. Home studies are most appropri-
ate in patients with suspected mild disease or with-
out complex medical comorbidities. Home sleep 
studies may miss other causes of excessive daytime 
sleepiness such as UARS or periodic leg movement 
during sleep disorder (PLMD). A full diagnostic study 
includes electroencephalogram, electro-oculogram, 
submental electromyogram, electrocardiogram, 
nasal and oral airflow monitors, thoracoabdominal 
effort, anterior tibial electromyogram, body position 
monitors, tracheal microphone, and pulse oximetry. 
Optional additions (14 channel) are end-tidal carbon 
dioxide monitor, esophageal pressure monitor, and 
nasal CPAP or BiPAP. These studies are attended by 
and analyzed by a trained technologist and inter-
preted by a physician. Split night studies, in which 
patients demonstrate OSA early in the evening, allow 
for pressure titration of CPAP or BiPAP for home use. 

The anesthesia perioperative assessment litera-
ture has popularized the mnemonic questionnaire 
“STOP-Bang” as a screen for OSA in previously undi-
agnosed patients. Patients and/or significant others 
are asked if the patient has: loud Snoring, daytime 
Tiredness, Observed apneas, high blood Pressure, 
elevated BMI > 35, Age > 50, Neck circumference > 40 
cm, and male Gender. Patients are high risk for OSA 
if 3 or more are positive and low risk if fewer than 3.8 
The sensitivity of this test was found to be 93% for AHI 
15 and 100% for AHI 30. The Society of Ambulatory 

ful in anxiety and helping patients fall asleep, but it 
should not be used with other sleep aides or alcohol. 
One final herbal sleep aide is kava. It is metabolized 
in the liver and should not be used in patients who 
are on medications such as statin drugs. Kava use 
has been tied to severe liver failure, especially when 
taken with alcohol or other medications metabolized 
in the liver.

OSA is more prevalent in patients with hyperten-
sion, coronary artery disease, congestive heart fail-
ure, history of prior stroke, or diabetes as well as in 
those who are obese or postmenopausal. Screening 
via PSG is encouraged in this subset of patients with 
signs or symptoms of sleep disturbance.4

Physical exam findings such as BMI, blood pres-
sure measurement, and neck circumference should 
be recorded. Collar size > 17 inches in men and 15 
in women is associated with OSA.12 Unfortunately, 
the Sleep Heart Health Study showed that SDB is 
poorly predicted by obesity, neck circumference, and 
reports of witnessed apnea in elderly patients.12 This 
finding may be due to the high prevalence of disease 
in elderly patients. Maxilla and mandibular position, 
nasal deformity (septal deviation or valve collapse), 
turbinate size and response to decongestant spray, 
nasal polyps, tongue position, tonsil size, palate 
length/shape, and hyoid position should be evalu-
ated. Patients with Angle class II malocclusion may 
benefit most from dental devices or maxillomandib-
ular advancement (MMA) surgery.

Fujita developed a classification system for pat-
terns of obstruction by anatomical location as fol-
lows: type I, collapse in the retropalatal region only; 
type II, collapse in the retropalatal and retrolingual 
regions; type III, collapse in the retrolingual region 
only.62 Classically described surgery to address ret-
ropalatal collapse (i.e., uvulopalatopharyngoplasty 
[UPPP]) often fails in poorly selected patients due to 
multilevel airway obstruction in most patients with 
moderate or severe OSA.63

Otolaryngologists frequently use flexible fiberop-
tic nasopharyngoscopy (preferably with supine posi-
tioning) with or without sedation or sleep simulation 
to evaluate for upper airway collapse (Fig. 17.2). 
The Müller maneuver was described to simulate 
upper airway collapse in an office setting by inhal-
ing against a closed glottis with the nose and mouth 
closed. This results in negative pharyngeal pressure 
and allows the physician to identify the site(s) of col-
lapse. Aboussouan et al found that using the Müller 
maneuver to guide the decision on UPPP resulted in 
an AHI reduction by 50% in 78% of patients who had 
retropalatal collapse, compared with only 36% who 
had multilevel obstruction.64 The biggest limitation 
with the Müller maneuver is it fails to demonstrate 
lower levels of airway obstruction (retrolingual, 
hypopharyngeal), and it is performed on awake 
and alert patients with normal muscle tone. It may 
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Fig. 17.2 (a) Flexible fiberoptic view of normal hypopharyngeal airway. (b) Fiberoptic view of base of tongue obstruction. (c) 
Fiberoptic view of the hypopharyngeal airway before the Müller maneuver. (d) Fiberoptic view of hypopharyngeal collapse during 
the Müller maneuver. (Used with permission from Cummings CW. Cummings Otolaryngology Head & Neck Surgery. 4th ed. Phila-
delphia, PA: Elsevier Mosby; 2005.)

a b

c d
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rent difficulty with sleep initiation, maintenance, 
consolidation, or quality that causes daytime dys-
function despite adequate opportunity for sleep.74 
Daytime symptoms may include fatigue or malaise, 
cognitive impairment, social/vocational difficulty, 
poor school performance, daytime sleepiness, mood 
impairment, or reduced motivation. Increased sleep 
latency may be due to decreased sleep needs or anxi-
ety. Decreased sleep efficiency, with difficulty stay-
ing asleep, may be due to an increased percentage 
of time in lighter stages of sleep that occurs as part 
of the normal aging process. It may also be due to 
alcohol abuse or depression. Multiple medical con-
ditions can also adversely affect sleep (chronic pain, 
nocturia, and concomitant psychiatric illness). Often, 
the best cure for insomnia is recommending sleep 
hygiene (Table 17.4).61

Many elderly patients report spending ~ 10 hours 
in bed but only sleep ~ 6, thus feeling like they only 
slept half of the night. This can often be treated with 
“sleep consolidation or restriction therapy.”61 With 
this approach, patients are only allowed to stay in 
bed for the amount of time they claim to sleep. After 
2 to 3 days of relative sleep deprivation, they will 
sleep through that time allotment and feel as though 
they are sleeping through the night. The allowed 
time in bed is then extended 15 to 30 minutes per 
week until complaints subside.

Anesthesia recommends screening all adult patients 
with this questionnaire prior to ambulatory surgery.69

Restless legs syndrome (RLS) is characterized by 
a feeling of restlessness in the legs and sensations 
such as muscle twitching, aches, or the urge to move. 
The sensation often occurs in the evening and when 
awake lying in bed. The discomfort is worsened by 
inactivity. Typically, the feeling is relieved by pacing 
or the act of leg motion. It is estimated that 20% of 
adults over age 80 experience RLS.70 This disease is 
in the same spectrum as periodic limb movement 
disorder (PLMD), which can also be diagnosed with 
PSG (tibial EMG). PLMD patients, in contrast to RLS 
patients, are often unaware of their leg movements 
or their nightly microarousals related to the leg 
motion. The prevalence of PLMD is estimated at 4 to 
11% and increases with age.71

Research into the pathophysiology of RLS and 
PLMD has implicated low iron levels and the nigros-
triatal dopaminergic system. For this reason, elderly 
patients often respond to low doses of carbidopa/
levodopa or dopaminergic medications.72 Elderly 
patients should also be screened for iron deficiency 
with ferritin and transferrin saturation levels. Treat-
ment is encouraged for ferritin levels below 18 g/L or 
transferrin saturation percentage < 16%.73

Insomnia is an extremely common complaint in 
elderly populations. Insomnia is defined as recur-

Fig. 17.3 Depiction of the modified Mallampati classification. (Reprinted with permission from Fedok F, Carniol P. Minimally Invasive 
and Office-Based Procedures in Facial Plastic Surgery. New York, NY: Thieme; 2013.)
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A large prospective cohort study of 939 elderly 
patients (> 65 years old) found that patients with 
severe OSA (AHI > 30) were at reduced risk for cardio-
vascular death when treated with CPAP.75 CPAP treat-
ment was defined as use > 4 hours per night. Patients 
with mild OSA (AHI < 15) served as the control group.

The evidence regarding CPAP use in OSA patients 
without daytime somnolence is less convincing. 
Barbé et al showed that CPAP failed to prevent hyper-
tension and cardiac events in 725 prospective, ran-
domized patients with AHI > 20 but ESS < 10.76

Bilevel positive airway pressure (BiPAP) and auto-
adjusting positive airway pressure (APAP) have been 
developed to improve pressure titration and treat 
patients with underlying neuromuscular disease 
or chronic lung disease. BiPAP delivers a separately 
adjustable lower expiratory positive pressure and 
higher inspiratory pressure. It has not been shown 
to improve adherence versus CPAP in a randomized, 
controlled pilot study.77 APAP devices may eliminate 
the need for formal PSG CPAP pressure titration in 
selected patients by autotitrating positive airway 
pressure to select an effective level of pressure and 
prevent airway collapse.78

The biggest limitation to CPAP is tolerance and 
compliance. For patients who travel regularly, pack-
ing the machine may be a burden. When adherence 
is defined as > 4 hours of use per night, 46 to 83% 
of patients have been reported to be nonadherent.63 
The decision to embrace CPAP occurs during the first 
few days of treatment. Disease severity, as measured 
by AHI, has been shown to have a weak relationship 
with CPAP adherence.66 Not surprisingly, symptom 
severity influences adherence. Self-reported EDS 
(ESS > 10) has been shown to be associated with 
long-term CPAP use.65 Low CPAP usage was shown in 
patients with severe OSA but little sleepiness. Most 
new CPAP machines have “smart cards” that moni-
tor use time per night, and close follow-up should 
be encouraged in patients with OSA who are treated 
with CPAP to ensure compliance.

Oral appliances are an option, especially in 
patients with mild to moderate OSA, relative ret-
rognathia. or overbite (Angle class II occlusion), and 
poor CPAP tolerance or refusal. Oral appliances are 
another conservative option in elderly patients who 
may have medical comorbidities or be poor candi-
dates for general anesthesia. A systematic review 
of oral appliances showed that AHI was reduced to 
< 10 in 52% of patients. Compliance in this study 
was better than with CPAP, with median use 77% 
of nights.79 The most often reported complications 
from oral appliance therapy are tooth, jaw, and tem-
poromandibular joint (TMJ) discomfort. Although 
oral appliance therapy has higher rates of patient 
adherence, CPAP has proven to be more effective in 
reducing AHI.80

 ■ Treatment
Geriatric patients with OSA should proceed in a step-
wise manner from conservative medical measures, to 
procedural or surgical options if conservative mea-
sures fail. Weight loss should be recommended in all 
overweight patients with OSA. Unfortunately, sus-
tained weight reduction is difficult due to decreased 
energy associated with the disease, medical comor-
bidities (i.e., osteoarthritis) and dietary choices in the 
21st century (cheap, high calorie, processed foods).

CPAP is the gold standard treatment for obstruc-
tive sleep apnea. The positive pressure acts as a 
pneumatic splint to prevent upper airway collapse. 
Ballester et al compared two cohorts with moder-
ate to severe OSA.38 One group was treated with 
sleep hygiene and weight loss recommendations, 
whereas the other was treated with CPAP in addition 
to weight loss and sleep hygiene recommendations. 
After 3 months of treatment, sleepiness, quality of 
life, and perceived health were improved in the CPAP 
treatment group.

Table 17.4 Sleep hygiene

Be aware of how much sleep you actually need: the 
average 70-year-old needs only 6 hours/day, total, 
including naps

Get up at about the same time every day—weekends and 
weekdays

Go to bed only when sleepy; reserve bed for sleep and sex 
only

Establish a relaxing presleep routine, such as reading a 
book or listening to relaxing music

Avoid heavy meals or caffeinated beverages within 5–6 
hours of bedtime

Avoid smoking/nicotine products close to bedtime

Avoid sleeping pills for periods longer than a few weeks; 
don’t drink alcohol when taking sleeping pills

Maintain a regular daily schedule that includes exercise, 
down time, and regular meal times; avoid strenuous 
exercise within 6 hours of bedtime

Early afternoon naps can prevent early evening dozing

If necessary, restrict caffeine intake, including coffee, tea, 
caffeinated soda, and chocolate

Used with permission from Barthlen GM. Obstructive sleep 
apnea syndrome, restless legs syndrome, and insomnia in 
geriatric patients. Geriatrics 2002;57:34–39.
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sone) therapy may provide similar benefits. Systemic 
absorption has not been found to be problematic, 
and long-term use is common in patients suffering 
from perennial allergic rhinitis and rhinosinusitis 
with nasal polyps. Primary side effects include epi-
staxis and risk for nasal septal perforation.

Both complications can be minimized or elimi-
nated by teaching patients to use these medications 
appropriately. Patients should aim the bottle at the 
ipsilateral medial canthus, away from the nasal sep-
tum, bilaterally. Kiely and colleagues reported that the 
AHI was lower in 24 patients given intranasal flutica-
sone compared with those given placebo (23 vs. 30).82

A recent literature review on the topic of nasal 
obstruction and OSA came to the following conclu-
sion: nasal obstruction plays a modulation, but not 
a causative, role in SDB. Nasal interventions may 
improve subjective aspects of snoring and daytime 
somnolence but do not improve objective indicators 
of disease.26 McLean and colleagues found that treat-
ing nasal obstruction with oxymetazoline and nasal 
valve dilator strips reduced mouth breathing during 
sleep and the severity of OSA, but did not effectively 
alleviate the disease.83

When patients refuse CPAP or cannot tolerate it, 
pharyngeal surgery is frequently the next step. Fried-
man et al popularized a staging system (Table 17.5) 
for predicting which patients were likely to benefit 
from UPPP and those that may benefit from mul-
tilevel (pharynx/palate, and hypopharyngeal) sur-
gery.84 Friedman palate position was based on the 
modified Mallampati palate position (I–IV; Fig. 17.3) 
and tonsil size was graded 1 to 4+ (within pillars = 
1+; extending to pillars = 2+; extending beyond pil-
lars but not midline = 3+; and “kissing” in midline = 
4+). In this study, patients with modified Mallampati 
palate position I or II, tonsil hypertrophy (3–4+), and 
BMI < 40 were much more likely to benefit from UPPP 
alone. Stage I patients had 80% success with UPPP 

Soft palate “pillar” implants made of porous 
polyethylene have been shown to improve AHI and 
EDS by stiffening the soft palate. Primary benefits 
are minimal morbidity and outpatient surgery with 
local/topical anesthesia. Nordgård et al prospectively 
studied 26 patients with BMI < 30 who had mild to 
moderate OSA (AHI 10–30).81 They showed that these 
implants resulted in improvement in AHI in 81% of 
patients. The majority of patients (57%) had their AHI 
reduced to < 10. This benefit appeared to last longer 
than 1 year. More than 80% of bed partners reported 
significant improvement in snoring. A large meta-
analysis showed soft palate implants to provide ben-
efit for snoring and mild to moderate OSA.72 The end 
points measured were reduced snoring, AHI, and ESS 
improvement. The most common complication was 
implant extrusion at 9.3%. Patients with hyperactive 
gag reflex, severe OSA, and/or obesity (BMI > 30) are 
generally poor candidates for this treatment option.

Upper airway surgery for obstructive sleep apnea 
can be considered in one of two ways, depending on 
the goal of surgery: (1) improve CPAP tolerance, or 
(2) eliminate the need for CPAP.

If the goal is to improve CPAP tolerance, nasal sep-
toplasty, septorhinoplasty, nasal valve repair, and/
or inferior turbinate reduction surgery may play an 
important role. By reducing nasal resistance, often 
the pressure of CPAP can be reduced and patients 
feel as if they are no longer sleeping “in a wind tun-
nel.” A good way to determine the probability of suc-
cess is a three-night trial with oxymetazoline nasal 
spray prior to CPAP use. This topical decongestant 
will decrease nasal congestion/obstruction, lasts for 
12 hours, and may simulate nasal airway outcomes 
with nasal surgery. Unfortunately, this medication is 
associated with rebound congestion when used for 
more than 3 days consecutively.

For patients with seasonal allergy or reactive nasal 
congestion, topical nasal corticosteroid (i.e., flutica-

Table 17.5 Friedman staging to predict treatment success (apnea-hypopnea index reduction by 50% and < 20) with 
uvulopalatopharyngoplasty alone

Friedman palate position Tonsil size Body mass index (kg/m2)

Stage I 1
2

3, 4
3, 4

< 40
< 40

Stage II 1, 2
3, 4

0, 1, 2
3, 4

< 40
< 40

Stage III 3
4
Any

0, 1, 2
0, 1, 2
Any

Any
Any
> 40

Used with permission from Friedman M, Ibrahim H, Joseph NJ. Staging of obstructive sleep apnea/hypopnea syndrome: a 
guide to appropriate treatment. Laryngoscope 2004;114(3):454–459.
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ity to maintain upper airway seal. Fairbanks reported 
that temporary nasal reflux occurs in 12 to 15% of 
patients after UPPP.71

Modified UPPP with Z-plasty or expansion sphinc-
ter palatoplasty, as described by Friedman,88 Cahil,89 
and Woodson,74 reduces some of these risks and 
results in less circumferential scar formation. All three 
studies showed results superior to traditional UPPP. 
The suture suspending the palatopharyngeus muscle 
to the periosteum of the hamulus expands the retro-
palatal region superiorly and ventrally (Fig. 17.4).

Woodson advocates transpalatal advancement 
pharyngoplasty to decrease retropalatal obstruction 
by removing a 1 cm portion of the posterior bony 
maxilla (Fig. 17.5).90 This surgery is often offered to 
patients who have persistent retropalatal obstruc-
tion after UPPP or have small tonsils without charac-
teristic long, thick, soft palate.

Multiple surgical options have been developed to 
address the tongue base and hypopharyngeal airway 
collapse.31 Among the options are hyoid myotomy 
with suspension, lingual tonsillectomy, midline glos-
sectomy, and genioglossal advancement.

Friedman et al showed that multilevel surgery, 
including Z-palatoplasty and transoral robotic sur-
gery (TORS) midline glossectomy could safely be 
performed without tracheostomy tube placement.75 
This study also showed superior results in patients 
who had Z-palatoplasty with TORS glossectomy com-
pared with matched cohorts who had Z-palatoplasty 
and radiofrequency ablation in the tongue base or 
Z-palatoplasty and submucosal minimally invasive 
lingual excision (SMILE). The goal of midline glossec-

alone, versus only 40% if stage II and 8% if stage III. 
Surgical success was defined as reduction in RDI to  
< 50% preop value and < 20.

Critical to the decision for surgery is determin-
ing the site(s) of airway obstruction. Steinhart and 
colleagues evaluated 117 OSA patients and found 
that 100% had retropalatal obstruction, and 77% had 
retroglossal obstruction, emphasizing the fact that 
most patients have multiple levels of obstruction 
and may require a series of surgeries to adequately 
treat their condition.85 More recently, den Herder et 
al evaluated 127 patients with sleep endoscopy and 
found that 88% of patients had retropalatal obstruc-
tion and 49% had retroglossal obstruction. Of these 
patients, 51% had exclusive retropalatal obstruction, 
whereas only 12% had exclusive obstruction at the 
base of tongue.69

UPPP was first described by Fujita in 1981.86 
UPPP is used to treat redundant soft palate tissue 
and tonsillar obstruction. It is the most commonly 
performed surgical procedure for OSA regardless of 
coexisting patient factors such as morbid obesity, 
tongue position, and retrognathia. For this reason, 
it is often unsuccessful in treating OSA in poorly 
selected patients. UPPP is associated with significant 
morbidity. Kezirian et al reported that this surgery 
is associated with serious nonfatal complications in 
1.5% of patients and mortality in 0.2%.87 Risks include 
severe bleeding (1–5%),71 velopharyngeal insuf-
ficiency (hypernasal voice or incompetence when 
swallowing liquids), taste alteration, dry mouth, 
foreign body/globus sensation, and inability to wear 
nasal CPAP if persistent disease exists due to inabil-

Fig. 17.4 (a, b) Modified uvulopalatopharyngoplasty (UPPP), expansion sphincter pharyngoplasty. Note the anterolateral direc-
tion of pull (arrows) that widens the retropharyngeal space. (Used with permission from Pang KP, Woodson BT. Expansion sphincter 
pharyngoplasty: a new technique for the treatment of obstructive sleep apnea. Otolaryng Head Neck Surg 2007;137(1):110–114.)

a b
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tongue base, and then back through the length of the 
tongue, and anchored to pull the tongue base ante-
riorly. Through the same incision, two additional 
screws can be anchored to the mandible laterally 
and used to suspend the hyoid bone anteriorly and 
superiorly after freeing the inferior muscular attach-
ments. Success rates for HM after UPPP range from 
52 to 78% in patients with BMI less than 30.31,91

Although aggressive options, especially in geri-
atric populations, one should not forget about 
MMA, surgical tracheostomy, or bariatric surgery in 
patients with severe, refractory OSA and/or morbid 
obesity. Varela et al showed that weight loss sur-
gery significantly improves obesity-related OSA with 
improvement as early as 1 month postop.92 MMA 
surgical success rate approaches 90%93 but complica-
tions include dental malocclusion, nerve paresthe-
sia, prolonged maxillomandibular fixation, and bony 
malunion.

Nonsurgical treatment for sleep disorders should 
begin by encouraging patients to lose weight (if 
indicated), and avoid alcohol and sedating medica-
tions before bedtime. Patients should also be heav-
ily cautioned against driving and instructed to avoid 
activities requiring sustained vigilance until the 
sleep disorder is successfully treated. Long-term 
treatment with hypnotic medications is not advised 
because they often lose efficacy within a few weeks, 
have side effects of respiratory depression, and may 
worsen OSA (Table 17.6).

 ■ Conclusion
Sleep disturbance in the elderly population is 
extremely common. The differential diagnosis 
includes primary snoring, upper airway resistance 

tomy is to remove an inverted triangle of mucosa and 
muscle (Fig. 17.6). The surgical robot is not a neces-
sity,73 but it helps facilitate visualization and aggres-
sive soft tissue reduction in this difficult-to-expose 
site. TORS midline glossectomy has been found to 
result in greater AHI reduction and improvement 
in LSAT versus the other referenced techniques, but 
with increased dysphagia and pain.

An alternative, less invasive, option to address 
hypopharyngeal and retrolingual collapse involves 
the Repose (Medtronic, Jacksonville, FL) system. 
This bone-anchored suture suspension system can 
be used to accomplish results similar to genioglos-
sal advancement (without an osteotomy) and hyoid 
myotomy (HM) with suspension. Via transcervical 
(or intraoral for tongue base suspension) incisions, a 
titanium screw is placed at the lingual cortex of the 
genial tubercle of the mandible. A permanent suture 
attached to the screw is passed through the parame-
dian tongue musculature, submucosally across the 

Fig. 17.5 Sagittal illustration of palate showing advance-
ment. (Used with permission from Cummings CW. Cummings 
Otolaryngology Head & Neck Surgery. 4th ed. Philadelphia, PA: 
Elsevier Mosby; 2005.)

Fig. 17.6  Transoral robotic surgery (TORS) midline glossec-
tomy tissue removal after exposure with a Jennings retractor. 
(Used with permission from Friedman M, Hamilton C, Samuel-
son CG, et al. Transoral robotic gossectomy for the treatment 
of obstructive sleep apnea-hypoapnea syndrome. Otolaryngol 
Head Neck Surg 2012;146(5):854–862.)

a

b
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Patients with an AHI between 5 and 15 who do 
not have excessive daytime sleepiness are likely to be 
at low risk for cardiovascular sequelae and unlikely 
to be compliant with therapy because they have no 
self-perceived sleepiness. Multiple medical and sur-
gical treatment options exist based on the diagno-
sis and underlying cause of the sleep disturbance. 
Treatment selection depends largely on the level of 
obstruction, severity, presence of medical comorbid-
ities, presence of anatomical deformities, and patient 
preference.

CPAP is the gold standard treatment for OSA, but 
compliance can be problematic. Untreated OSA can 
lead to increased mortality, increased cardiovascu-
lar disease, and neurocognitive difficulty. It has also 
been demonstrated to be an independent risk factor 
for insulin resistance, GERD, MVAs, and decreased 
attention, working memory, and executive func-
tion. When CPAP is not tolerated or is refused by 
the patient, alternative surgical and procedural 
options should be considered. General anesthesia 
can be avoided with pillar soft palate implants or 

syndrome, sleep apnea, restless leg syndrome, sleep 
manifestation of systemic disease (diabetes, conges-
tive heart failure, BPH, depression, alcoholism, etc.), 
periodic limb movement disorder, physiological 
aging, poor sleep hygiene, and insomnia. Diagnosis 
and treatment by a multidisciplinary sleep medicine 
team is likely to improve outcomes and patient qual-
ity of life.

All geriatric patients (> 65 years old) should be 
screened by history and physical examination for 
sleep-disordered breathing given the extensive prev-
alence of at least mild OSA (AHI > 5 but < 15) in this 
age group and the severe potential health and qual-
ity of life consequences of undiagnosed sleep apnea. 
Evidence supports treatment of OSA in individuals 
with the following findings:

• AHI > 5 with excessive daytime sleepiness
• AHI > 5 with cardiovascular comorbidities
• AHI > 15 with or without excessive daytime 

sleepiness
• Oxyhemoglobin desaturation < 90%

Table 17.6 Selected pharmacotherapies for insomnia and restless legs syndrome in older adults

Agent Dose/timing Comments

Nonbenzodiazepine Hypnotics For insomnia

Zolpidem tartrate (Ambien) 5 mg at bedtime Drug of choice for treatment of sleep-onset and sleep 
maintenance insomnia, duration 2–3 wk

Zaleplon (Sonata) 5 mg at bedtime Shown to cause daytime drowsiness, duration 2–3 wk

Benzodiazepine For insomnia If obstructive sleep apnea (OSA) ruled out

Temazepam (Restoril) 7.5 mg at bedtime Rule out OSA first

Hormone replacement Menopausal insomnia

Conjugated estrogens 0.3–1.25 mg in the AM Shown to improve sleep and reduce OSA

Antidepressants For insomnia and depression

Sertraline HCl (Zoloft) 50 mg in the AM Well tolerated

Fluoxetine HCL (Saralem) 20 mg in the AM Well tolerated

Mirtazapine (Remeron) 15 mg at bedtime In cases of depression associated with severe insomnia 
and anxiety, shown to be superior to above SSRIs

Dopaine agonists for Restless legs syndrome

Carbidopa/levadopa (Sinemet) 25/100 mg at bedtime May cause shift of symptoms to daytime

Pramipexole (Mirapex) 0.125 mg at bedtime Newer dopamine agonist, may cause excessive 
sleepiness

Used with permission from Barthlen GM. Sleep disorders. Obstructive sleep apnea syndrome, restless legs syndrome, and insomnia 
in geriatric patients. Geriatrics 2002;57(11):34–39; quiz 40.
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base/hyoid suspension procedures have shown 
improved outcomes for CPAP-intolerant patients 
with moderate and severe OSA.
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dental prosthesis creation and should be considered 
in CPAP-intolerant patients with mild to moderate 
disease.

UPPP is the most commonly performed surgi-
cal procedure for OSA and is often misused as the 
first line of surgical therapy regardless of coexist-
ing patient factors (retrognathia, obesity, multilevel 
obstruction). As a result, it is often unsuccessful in 
treating OSA in poorly selected patients. Expansion 
Z-palatoplasty, midline glossectomy, and tongue 
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Facial Plastic Surgery in  
Geriatric Patients
J. Regan Thomas

 ■ Introduction
Several predictable changes and alterations are typi-
cal and normal sequelae of the neck and facial aging 
process. Unlike other components of the body’s pre-
dictable aging changes, aging in the face and neck 
region carries other significant implications, includ-
ing those that impact cultural, social, and personal 
perceptions. Historically there has been an evolu-
tion of facial rejuvenation procedures in response 
to those perceptions. The procedures have gained 
significant public acceptance and desirability. In the 
not too distant past facial procedures were often felt 
to be within the realm of wealthy celebrities or oth-
ers in the entertainment business. Today these pro-
cedures are widely accepted and actively explored 
by a wide spectrum of social, economic, and ethnic 
backgrounds. The goal is to achieve an enhanced self-
perception of greater fitness and youth coupled with 
a response to cultural pressures to maintain a youth-
ful appearance related to work, economic, and vari-
ous social interactions.1,2

Although the geriatric population requires facial 
plastic surgery for facial trauma and fractures, facial 
neoplasms, and occasionally persistent congeni-
tal defects, the focus of facial plastic surgery in the 
geriatric population more frequently addresses facial 
aging processes. An individual’s age is usually judged 
according to appearance of the skin.3 Although much 
attention is focused on cutaneous gerontology, the 
appearance of cutaneous senescence is actually 
based on a combination of skeletal structure, soft 
tissue, and skin (Fig. 18.1). The primary changes in 
a person’s three-dimensional skeletal contour con-
tribute to secondary changes in the overlying soft 
tissue and skin. It has been said that a youthful face 
represents that period in time when a particular set 
of skeletal proportions are ideal for their soft tissue 
envelope.

What is generally termed facial aging is in real-
ity a combination of the aforementioned factors. 
Facial wrinkles or rhytids are related to changes in 
the skin secondary to a variety of factors, including 
chronological skin aging, ultraviolet (UV) and other 
environmental factors leading to photoaging, hyper-
dynamic facial expressions, and skin folding second-
ary to loss of soft tissue support and skeletal changes. 
Reversal or techniques to counteract these changes 
create the foundation for facial plastic surgery in the 
geriatric patient (Fig. 18.2).

18

Fig. 18.1 Typical aging changes. (Used with permission from 
Facial Plast Surg Clin North Am 2001;9(2):179–187.)
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dietetic aspects.5 The skin of geriatric patients shows 
declining changes with age, which ae further accel-
erated in UV exposed photoaged skin. Photoaging is 
responsible for many of the age-associated cosmetic 
concerns, including dispigmentation, laxity, changes 
of pores, telangiectasia, a leathery appearance, and 
wrinkling. Vascular changes increase during this 
period, creating the tendency for bruising during 
activities of daily life as well as medical procedures. 
Loss as well as shifting and redistribution of subcuta-
neous tissue further contribute to folds and drooping 
skin. Because of these changes, dealing with soft tis-
sue in the geriatric patient carries additional consid-
erations as compared with more youthful patients:

• Cell replacement
• Immune response
• Injury response
• Barrier function
• Sensory perception
• Sweat production
• Sebum production
• Vitamin D production
The facial changes typically associated with the 

geriatric patient are a result of a combination of 
forces related to facial aging including gravity, soft 
tissue maturation, skeletal remodeling, facial muscu-
lar changes, and solar changes to the skin. The aging 
process comprises a complex and diverse set of ele-
ments, each of which leaves a specific and distinctive 
result on the aging face. The anatomical and tissue 
changes already noted are intimately interconnected, 
each having an impact on the other components. 
Skin, soft tissue, muscle, and skeleton, although 
affected individually by the aging process, present 
themselves as an interactive aging process  acting in 
concert to result in the facial appearance typically 
seen in the geriatric patient.

 ■ Geriatric Skin Changes
The geriatric patient displays several predict-
able changes related to ongoing aging affect. These 
changes include secondary results of gravity act-
ing on skin that is becoming progressively thinner, 
dryer, and less elastic. There are genetic factors also 
influencing the location of facial wrinkles, and these 
progress as a result of cutaneous senescence com-
bined with cumulative environmental insults.

Chronic solar exposure and UV interaction con-
stitute the major environmental component contrib-
uting to the clinical changes that are typical of aging 
skin. This is accurately termed photoaging and is dis-
tinct from intrinsic or chronological aging.

The relationship of inherent aging changes in the 
geriatric patient’s skin can be contrasted with those 

 ■  Analysis and Pathophysiology 
of Facial Aging

Geriatric skin changes are a product of two basic 
processes. First is chronological aging, sometimes 
referred to as intrinsic aging, the changes of which 
are primarily genetic. Second is environmental or 
extrinsic aging, particularly from such stressors as 
sun exposure or smoking. Skin changes often seen in 
the geriatric patient include dyschromia, roughness, 
and multiple rhytids followed by persistently deeper 
folds. Structurally this occurs due to dermal atrophy, 
decreased collagen, and loss of cutaneous fat cou-
pled with loss of inherent elasticity and increased 
melanogenesis4

The structural changes in soft tissue already noted 
are variable but can be significant as part of the aging 
process, two major forces impact these changes. First 
is chronological aging of the skin related to intrinsic 
passage of time and second, photoaging related to 
chronic ultraviolet light exposure. Other components 
may impact this as well, such as smoking and certain 

Fig. 18.2 Topographic geriatric facial changes. (Used with 
permission from Facial Plast Surg Clin North Am 2001;9(2): 
179–187.)
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originates on the lower part of the nasal bone and 
inserts in the skin overlying the nasion. This likewise 
pulls the medial brow inferiorly, creating transverse 
wrinkles over the nasal bridge. The antagonist of 
the brow depressors is the frontalis muscle, which 
is ultimately responsible for horizontal forehead 
creases. All of these actions, which are normal facial 
movements, ultimately contribute to an aging facial 
appearance and are key areas addressed, particularly 
by Botox (Allergan, Irvine, CA), as a treatment modal-
ity. Similarly, the normal muscle actions of the lower 
facial mimetic muscles and the perioral muscles all 
contribute to rhytids and skin folds related to aging 
changes in the lower face. Although it is a normal 
process for these hyperdynamic facial lines, crow’s 
feet, and glabellar furrows to reflect underlined 
muscular anatomy, the ultimate result is reflective of 
what are typically thought of as unaesthetic changes 
in the face related to aging.

 ■ The Aging Nose
Often overlooked in terms of facial anatomical 
changes that are recognized as aging in the face are 
the progressive changes to nasal appearance and its 
impact on facial aesthetics. The nose at a central loca-
tion is a key component of facial aesthetics and facial 
relationships, and the aging changes that affect the 
nose affect the rest of the facial appearance. Aging 
alters the nasal skeleton, cartilaginous framework, 
and soft tissue covering.7 Progressive descent of the 
nasal tip is often associated with loss of support from 
changes and attachment of the upper and lower level 
cartilages, which then lengthen and weaken the nasal 
tip support, thus lengthening and enlarging the nose. 
The nasal labia angle becomes increasingly acute in 
relationship to this loss of tip structure. The rela-
tive appearance of a nasal dorsal hump is exagger-
ated as the tip decreases in its projection. Pyriform 
remodeling affects the alar base, and, in combination 
with upper maxillary resorption, it results in supe-
rior repositioning and thus further narrowing of the 
nasal labial angle and accentuation of the tip ptosis. 
Chin pad ptosis secondary to bony resorption further 
contributes to the illusion of increased nasal length 
(Fig. 18.3).

Rhinoplasty of the geriatric patient often not 
only contributes to a more youthful appearance 
based on repositioning of the nasal anatomy but 
also frequently contributes to airway improvement. 
Aging changes to the nose that impact nasal func-
tion include loss of the internal nasal valve support, 
external valve collapse, and changes of narrow air-
way openings related to loss of tip support. Rhino-
plasty is a frequent requirement in the aging patient 
because of these functional and airway difficulties 

changes that are compounded by photoaging and 
chronic solar exposure. More photologic changes and 
sun-protected skin consist primarily of fine wrin-
kling and laxity with occasional benign neoplasm 
development. Those who leave their skin exposed to 
chronic solar damage demonstrate changes of tex-
ture, color, and functional capacity. Color changes 
include dyschromia, often a yellow pallor, lentigines, 
and the gradual appearance of telangiectasia. Tex-
tural changes likewise accompany these variations 
and include a loss of palpable smoothness, kerato-
sis, and increasing rhytids ending in persistent deep 
folds and creases. Histological changes associated 
with aging skin begin with a thinning of the viable 
epidermis and flattening of the dermal–epidermal 
junction. This is in contrast to photoaged skin in 
which the epidermis becomes increasingly thicker 
with a flattening of the dermal–epidermal junction.

Of the dermal structural elements, elastic fibers 
are prominently affected by the sequelae of both 
chronologically damaged and photodamaged skin. 
Chronically aged skin reveals elastic fibers that are 
slightly increased in thickness. Photodamaged skin 
shows striking histological changes with the pres-
ence of massive quantities of thickened bundles of 
degraded elastic fibers or dermal elastosis. The result 
of these various histological reactions and changes in 
aging skin is that the skin itself is less stretchable and 
less resilient. The loss of inheritant elasticity results 
in skin that is more lax with dependent draping 
that is prone to wrinkling from gravitational effects. 
There is also an increase in mechanical fragility and 
a susceptibility to lateral sheer stress combined with 
an increase in dryness and skin irritability.6

 ■ Geriatric Facial Musculature
Contractions and sphincteric actions of the facial 
musculature are responsible for facial expressions 
exhibiting emotion as well as functional actions 
including eye closing, lip movement, and numerous 
others. However, over time and combined with aging 
skin changes facial rhytids and folds are accentuated 
by this normal muscular action and begin to contrib-
ute to changes in facial appearance associated with 
aging in the geriatric patient. For example, contin-
ued contraction of the orbicularis component of the 
orbicularis oculi creates concentric folds emanating 
from the lateral canthus resulting in lines referred 
to as crow’s feet. The corrugator supercilii lies deep 
to the frontalis muscle and has it origin on the fron-
tal bone medial to the eyebrows near the superior 
medial orbital rim. The corrugator acts as a brow 
abductor drawing the brows inferiorly and medially 
and thus ultimately producing vertical frown lines. 
In the same anatomical region, the procerus muscle 
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gical procedures in the aging patient are designed to 
correct and reverse these predictable changes. Pro-
cedures used individually or in combination include 
upper and lower blepharoplasty, brow lift, and fore-
head lift. These surgical procedures may be used 
independently or in combination with other facial 
aesthetic procedures depending on the severity of 
the aging changes in the geriatric patient as well as 
the patient’s aesthetic goals.

 ■  Jowl and Neck in the  
Aging Patient

The typical changes of the aging neck arise from a 
combination of changes, including changes in the 
skin, fat distribution, the platysmal muscle, and the 
underlying bony cartilaginous framework. The con-
tinual downward pull of the platysma creates jowls 
with the loss of definition of chin and jowl line. The 
jowl region along the margin of the mandible as cre-
ated by ptosis of the facial portion of the platysmal 
muscle skin accordingly can also become lax over the 
platysma, developing horizontal rhytids. Typically 
in the aging patient anterior edges of the platysma 
separate and lose tone, creating the interior neck 
banding and, particularly in the male patient, the 
so-called turkey neck deformity. The common entity 
is development of a large submental fat pad deep to 
the platysmal bands as well as a similar fat pad in 
the subcutaneous area above the platysma. These fat 
accumulations contribute to the double chin appear-
ance in those patients in addition to the sagging skin 

in addition to aesthetic goals of attaining greater 
youthfulness and enhanced aesthetic facial appear-
ance in the geriatric patient.

 ■  Eyebrows and Eyelids in the 
Geriatric Patient

The combination of gravity, loss of tissue elasticity, a 
loss of subcutaneous tissue, and at times bony resorp-
tion lead to inferior displacement of the brow. With 
aging, typically the eyebrow position descends from 
above the supraorbital rim to point of some portion 
below it. This contributes to excess accumulation of 
upper lid skin that accentuates ongoing skin changes 
of dermatochalasis with loss of eyelid creases and 
additional folds of skin over the upper lid. Excess 
sliding of skin and a weakened orbital septum allow 
interorbital fat to herniate, creating eyelid bags and 
protruding adipose tissue. The periorbital soft tis-
sue in the more youthful patient is often shallow and 
described as an unbroken convex line from the lower 
eyelid to the cheek. With progressive aging those 
relationships change the dimensions and become 
wider and deeper as time progresses. Ptotic cheek fat 
may descend inferiorly, contributing to a melolabial 
fold leaving a cheek depression that can be accen-
tuated by buccal fat attenuation. The orbicularis 
muscle becomes increasingly ptotic; with aging its 
inferior border becomes increasingly apparent. This 
creates the malar decent of the zygomatic eminence 
laterally resulting in deepening of the nasojugal fold, 
which continues to deepen with aging. Multiple sur-

Fig. 18.3 (a) Typical findings in the geriatric nose include soft tissue thickening, loss of tip support, and narrowing of the nasola-
bial angle. (b) Postoperative improvements following rhinoplasty in the geriatric patient.

a b
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must be approached with great care. Facial anima-
tion is vital to expressing human emotions, and lack 
of activity or emotion in those areas can have a nega-
tive effect in terms of interaction and aesthetic result.

There are certain contraindications to the use of 
botulinum toxins. The materials are certainly con-
traindicated in those with a known allergic response 
to any component of the product or with a general 
history of anaphylaxis. Additionally patients with 
neuromuscular conditions or peripheral motor neu-
ropathies such as myasthenia gravis, amyotrophic 
lateral sclerosis, or similar syndromes are not perfect 
candidates. In the geriatric patient group many of the 
individuals are on a variety medications for treat-
ments, and this should be explored in depth. The 
use of botulinum toxin should be avoided in patients 
using medications that may create difficulties. These 
would include depolarizing blockers, anticholines-
terases and lincosamides, and aminoglycosides. The 
use of botulinum toxin is also contraindicated in 
those individuals with autoimmune, dermatologic, 
or other systemic disorders that predispose to poor 
wound healing or exuberant inflammatory response. 
Blood thinners can be considered a relative contrain-
dication due to ecchymosis or potential hematoma 
formation.

The older geriatric patient should be approached 
in a very conservative fashion. The treating physician 
should remember that although the goal with botu-
linum toxin is to smooth some facial rhytides related 
to muscle contraction, this may be counterproduc-
tive in the geriatric patient. Those patients with sig-
nificantly loose soft tissues and lax skin may find 
that, for example, smoothing the forehead rhytides 
creates a lowering of the upper brow to an unaccept-
able degree. Injection should generally be avoided 
within 1 cm of the margin of the ridge of the supra-
orbital rim and most importantly at the midpupil-
lary line where diffusion can affect the upper eyelid 
levator. Treatment should be adjusted and individu-
alized for the patient and customized based on the 
soft tissue anatomy and patient needs. Treatment in 
the lower half of the face, particularly in the perioral 
region, although described, should be approached 
very conservatively. Often at best it can offer only 
modest relief in specific areas and can lead to both 
functional and aesthetic negative appearance. Areas 
of inappropriate muscle weakness can potentially be 
a result of the injections.

Treatment in the neck area and of the platysmal 
muscle should likewise be approached very con-
servatively in the geriatric patient. Although this is 
described in the literature and used effectively in 
certain patient categories, senior or geriatric patients 
may have increased laxity of soft tissue of the neck 
that is unaesthetic and counteracts any potential 
improvement in the platysmal bands themselves.

and loss of muscular support. In many patients the 
hyoid bone and larynx will gradually descend with 
age, making the larynx appear more prominent and 
blunting the cervicomental angle.

A variety of techniques to correct these predict-
able changes of aging have been described and are 
frequently used. These include an array of essentially 
facelift procedures that entail tightening of the skin 
and subcutaneous tissue, correction of the loosening 
and displaced musculature support, and elevation of 
the connective tissue of the face with redraping of 
redundant skin. These are often combined with soft 
tissue and facial skin surface modalities of treatment 
to further smooth the skin surface, which improve 
the appearance of cutaneous skin rhytides and act 
as adjuncts to surgical correction of these redundant 
sagging tissues of the geriatric patient facial anatomy.

 ■  Nonsurgical Treatment  
in the Geriatric Face

Botulinum Toxin

Injectable botulinum toxin can be of help in correct-
ing certain nonaesthetic anatomical changes in the 
aging face. Botulinum toxin is available in various 
types; however, type A (Botox) has become the most 
frequently used agent. Botox does not offer a perma-
nent solution; however, the relative ease of treatment 
on an outpatient basis has added to its popular-
ity. Although it may be more useful in the younger 
patient without additional soft tissue aging changes 
there are certainly applications for the patient in the 
geriatric age group, and it is frequently used in this 
fashion. The toxin disrupts the nerve cells’ ability 
to release acetylcholine. Facial rhytides or wrinkles 
that occur naturally over time secondary to repeti-
tive contraction of underlying facial musculature are 
often felt to be nonaesthetic and a sign of aging. Tem-
porarily weakening or paralyzing the musculature of 
the face in the area of rhytid formation allows the 
skin to settle and conform to the face without the 
dominate influence of muscle contraction. In most 
cases this will alleviate the appearance of rhytides 
and thus enhance facial appearance.8

Although there are a variety of types of botuli-
num toxin available, botulinum toxin type A is the 
most common neurotoxin used clinically for facial 
aesthetic treatment. The most common treatment 
indications are in the area of the upper third of the 
face and include forehead rhytides, thytids, and brow 
elevation. The periocular region, particularly in the 
lateral crow’s feet areas, can also be safely helped 
in our frequent area of indication. Areas of required 
facial animation in the lower face, such as the lips, 
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It should be recognized that there are indeed com-
plications with the peels, particularly in the medium 
and deeper depth peel solutions. The postoperative 
complications can include prolonged erythema, acne 
and milia, infection, skin dyschromia, and scarring.

As noted earlier, in the geriatric patient, it is 
important to determine preoperatively any medical 
conditions or possible interactions with other medi-
cations. Likewise, although the peels may be helpful 
in terms of surface improvement they will not cor-
rect significantly redundant flaccid skin, which is 
often associated with the older patient age group.

 ■  Laser Skin Resurfacing  
in the Geriatric Patient

The goal of laser resurfacing is to give aging skin a 
more youthful appearance by improving dispigmen-
tation, wrinkles, and potentially other lesions. Two 
different types of laser resurfacing have been devel-
oped: nonablative and ablative. Generally nonabla-
tive resurfacing is used where the surface texture has 
minimal wrinkling and surface change, and the treat-
ment is usually able to spare the epidermis through 
adjunctive surface cooling. Ablative laser resurfacing 
is the more aggressive treatment for skin tighten-
ing and textural enhancement, because it removes 
the entire epidermis and parts of the dermis in an 
attempt to regenerate smoother-appearing skin in 
place of photodamaged skin. The treatment effect 
is much like the ultimate effect from dermabrasion 
or chemical peels. In general nonablative techniques 
are used in younger patients with mild and fine 
rhytides and perhaps early melasma. Ablative laser 
resurfacing is often more useful in the older patient 
age group where moderate to severe facial rhytides 
and wrinkling are present on the facial skin surface.9

Nonablative laser therapy uses a wide array of 
alternatives for this treatment modality, including 

 ■  Facial Peels in the  
Geriatric Patient

Laser resurfacing has become increasingly popular 
as technical advances of new modalities have been 
developed. Chemical peels continue to be a poten-
tial adjunct for many patients and are actively used 
by some treating physicians in the aging patient 
with specific aging skin issues. These problems for 
the patient include photoaging, rhytides, keratosis, 
pigmentary dyschromias, and some level of superfi-
cial scarring such as from acne. There may be some 
improved elastic and tensile strength to the skin with 
some tightening of the skin. Because of this peels 
may be beneficial to some geriatric patients but as 
with all the treatments it should be individualized 
for the patient. There is a wide array of chemical peel 
modalities available, and these should be individual-
ized according to the patients’ needs.

Skin texture and skin type can be assessed using 
the Glogau classification for photoaging as well as 
the Fitzpatrick classification of sun reactivity type. 
These are useful when determining which treatment 
agent to use (Table 18.1).

Most individuals classify chemical peels based 
on histological depths of reaction and treatment. 
The knowledge of this reaction of the peeling agent 
is useful in determining the appropriate selection of 
the correct peeling method. Superficial light peels 
exfoliate with fresh skin at the level of the epidermis, 
whereas medium-depth and deep peels can work in 
the papillary and the reticular dermis, respectively.

Superficial peels would include the α-hydroxyl 
acids such as glycolic acid 30 to 70% and Jessner 
solution or trichloroacetic acid (TCA) peels 10 to 
20%. Medium peels, which are used for the papillary 
upper reticular dermis, will include Jessner solution 
with TCA, and deep peels would typically use a ver-
sion of the Baker–Gordon phenol peel. The key ingre-
dients are 88% phenol and croton oil.

Table 18.1 Glogau classification of aging skin

Severity Typical age Features

Mild Smooth skin, minimal keratosis

Moderate 35–50 Early rhytides, wrinkling, early actinic keratosis

Advanced 50–65 Persistent rhytids and wrinkles, discoloration with telangiectasia and actinic keratosis

Severe 60–75 Marked wrinkling and photoaging with dynamic rhytides, active actinic keratosis 
difficult to cover with makeup
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upper and lower lids typically present with changes 
effected by these aging sequelae. These changes com-
bined with brow ptosis can contribute to a “tired” as 
well an aging look.

Upper Eyelid Blepharoplasty

Upper blepharoplasty is performed to address aging 
changes of the upper eyelid. The steps typically include 
excision of excess skin from the upper lid and removal 
of pseudoherniating fat as needed; most often this in 
the medial fat compartment. The procedure may be 
done in conjunction with lower lid blepharoplasty 
and other facial aesthetic procedures.10

The preoperative eyelid evaluation consists of 
examining for effective skin and fat pseudohernia-
tion of the medial and central compartments. The 
eyelid crease should be approximately 9 to 10 mm 
above the lash line for the skin in the female. This 
crease in the male can be slightly shallower, in the 
8 to 10 mm region. The technique begins with pre-
operative marking, typically done in the preopera-
tive area with the patient in the upright animated 
position. The inferior level of the incision falls along 
the tarsal crease and typically extends superiorly as 
one approaches the orbital rim. Determination of 
the appropriate amount of redundant skin is then 
marked on the patient. It is helpful to use forceps to 
gently pinch the excess skin to determine the appro-
priate amount.

Once marking has been completed the skin is 
infiltrated with 1% lidocaine to 1:100,000 epineph-
rine, typically using 1 to 2 mL per side. The face is 
prepped and the skin incision performed. A help-
ful technique is to combine a small amount of hyal-
uronidase with the injection to allow the skin to be 
pinched according to the preoperative planning lines 
that will remain in that pinched state and facilitate 
excision. In some patients where greater definition 
is required for the upper lid, a small strip of orbicu-
laris oculi muscle can be resected just above the sul-
cus. Ophthalmic cautery or bipolar cautery is used 
throughout to maintain hemostasis. The fat com-
partment can be opened and gently teased out with  
cotton-tipped applicator dissection, the base cau-
terized and excised. The wound is then closed with 
placement of key 6–0 polypropylene sutures followed 
by a running 6–0 polypropylene suture (Fig. 18.4).

Lower Lid Blepharoplasty

Lower lid blepharoplasty begins with appropriate 
marking with the patient in the preoperative hold-
ing area in the upright animated position, noting 
areas with redundant skin as well as possible pseu-
doherniation of fat pads. A variety of procedures 
are used depending on the patient’s preoperative 

light-emitting diode (LED), potassium-titanyl-phos-
phate (KTP), pulsed dye, neodymium:yttrium-alu-
minum-garnet (Nd:YAG), and intense pulsed light 
(IPL), among others. Each wavelength choice tends 
to offer certain advantages at the expense of some 
disadvantages, and the physician must balance those 
aspects when selecting the treatment modality. In 
general the nonablative skin rejuvenation treat-
ments treat earlier photodamage and wrinkling and 
offer the advantage in appropriate patients of reduc-
ing patient downtime and recovery.

Ablative laser resurfacing should give results 
similar to dermabrasion or chemical peels. Its pro-
ponents argue that there is greater control over 
depth of injury with the adjunctive additional ben-
efit of thermocoagulation of the dermis, and that 
that effect is helpful in collagen tightening and der-
mal remodeling. The two major laser wavelengths 
employed in recent years for ablative laser resur-
facing include pulsed carbon dioxide (CO2), and 
erbium:YAG (Er:YAG). Er:YAG laser resurfacing is 
typically reserved for patients with less severe and 
more superficial photodamage, whereas pulsed CO2 
is more appropriate for those with deep, severe 
rhytidosis who are willing to accept the associated 
prolonged downtime. Some systems combine the 
Er:YAG and subablative CO2 systems to get the best 
of both techniques.

Complications related to laser resurfacing include 
prolonged erythema that may persist up to several 
months or longer. Infection should be rare but can 
happen and can be of bacterial, viral, or even fun-
gal etiology. Acne and milia are relatively common 
early on but more minor for most patients in terms 
of their issues. Hyperpigmentation can occur 3 to 4 
weeks after resurfacing and may persist for several 
months if treatment is not begun. Often exposure 
to sunlight during the healing period can stimulate 
melanocyte activity. Sun avoidance and sun screens 
are key in the postresurfacing period. More severe 
complications from laser treatment include hyper-
trophic scarring and unintended soft tissue changes 
such as lower lid ectropion.

 ■  Blepharoplasty in the  
Geriatric Patient

The eyes play a key role in expression as well as facial 
identity and contribute significantly to the overall 
appearance of the face. The eyes are one of the first 
areas of the face to demonstrate aging changes and 
thus are a frequent component of patients’ self-eval-
uation and request for treatment. Actual changes are 
first manifest as smile lines or crow’s feet in the lat-
eral canthus region and progress to excess skin (der-
matochalasis) and fat pseudoherniation. Both the 
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opened, and fat removed as needed. If orbital fat is 
preserved the arcus marginalis is identified and the 
periosteum elevated and the subperiosteal pocket is 
created as is described in the transconjunctival flap. 
The excess skin-muscle flap is then redraped and the 
excess skin excised. It is important to leave edge to 
edge apposition of the flap so that the excision can 
be closed without tension so as to prevent ectropion. 
A lateral muscle suspensory suture is often helpful 
suturing the orbicularis muscle component of the 
flap to the lateral orbital rim periosteal tissue near 
the lateral tarsus. Typically a polydioxanone suture 
is used for this. The skin is closed with interrupted or 
running subciliary absorbable sutures using 6–0 fast-
absorbing gut, and the lateral component is typically 
reinforced with several 6–0 polypropylene sutures, 
which are removed 1 week afterward.

 ■ Facelift in the Geriatric Patient
As in most aesthetic facial procedures, the patient in 
whom the aging process has been less severe tends 
to present the best postoperative appearance and 
most successful facelift procedure. Those patients 
who are minimally obese and have what is most 
often described as good bone structure tend to make 
the best candidates. As in all aesthetic procedures, 
the patient must have realistic expectations regard-
ing surgery. Psychological evaluation of the patient 
along with the physical facial findings is an impor-
tant part of the patient evaluation. The geriatric 
patient must be counseled that severely aged skin 
with loss of elasticity and changes in collagen as well 
as elastic fibers will minimize the amount of correc-
tion and longevity of the procedure. The more obese 
a patient is, the less likely the patient is a favorable 
candidate. Patients with minimal adipose content 
and a high cervical angle with high positioning of 
the hyoid and thyroid complex allows for superior 
results in the lower face and neck region.

status. Those patients with appropriate skin and 
muscle tightness in the lower lid but with fat protru-
sion can be approached through a transconjunctival 
approach. For the patients where it is appropriate to 
tighten the dermatochalasis of the lower lid, a sub-
ciliary incision can be used. Various fat preservation 
techniques have been described from fat reposition-
ing to camouflaging of the orbital rim and filling the 
so-called tear trough or nasojugal depression. A vari-
ety of fat injections are also appropriate at times.

Typically for lower lid procedures general anes-
thesia or sedation may be used. For the transcon-
junctival approach with fat excisions local anesthesia 
is infiltrated in the conjunctival side of the lid with 
the lid retracted. An incision is made typically just 
below the inferior tarsal plate as the lid is retracted 
appropriately inferiorly. A conjunctival flap is then 
developed and retracted superiorly with a 5–0 silk 
suture exposing the lower lid fat compartments. The 
orbital septum is opened to each fat compartment 
and the appropriate amount of fat is dissected away 
with a cotton-tipped applicator, the base cauter-
ized or excised. At this point the flap is released and 
typically no closure is required. Ophthalmic antibi-
otic ointment is applied within the sulcus. An iced 
sterile oval eye pad is then placed as the opposite 
side is done, and a light cold dressing is maintained 
postoperatively. In certain patients a transconjunc-
tival approach can be used with fat preservation. 
In this situation the medial and at times middle fat 
compartment can be maneuvered into a subperios-
teal pocket created at the orbital rim. This fat can be 
further held in place with a transcutaneous absorb-
able suture that is left in place for several days 
postoperatively.

The transcutaneous approach to blepharoplasty 
follows local injection of the lower lid, and a subcili-
ary incision is made easily leaving several millimeters 
below the lash line. A submuscular flap is developed 
and a “skin-muscle” flap is developed and typically 
extended down to the orbital rim. The medial and 
lateral fat pads can be identified, the periosteum 

Fig.18.4 (a) Geriatric eyelid appearance prior to blepharoplasty demonstrating both aesthetic and functional changes of the 
upper lids. (b) Postoperative appearance following upper lid blepharoplasty in the geriatric patient.
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a varying degree followed by elevation and lifting in 
support of the superficial musculoaponeurotic sys-
tem (SMAS) layer. At this point the skin flap would be 
redraped and redundant skin excised. It is best to have 
closure with minimal tension to enhance the postop-
erative appearance of these incisional scars.

Another frequently used alternative procedure 
would incorporate elevation of a short subcutane-
ous skin flap followed by a so-called sub-SMAS or 
deep plane facelift elevation keeping the facial and 
SMAS attachments distally intact. Closure then is 
similar with elevation and resupporting of the SMAS 
layer with absorbable sutures followed by excision of 
redundant excess skin with an edge-to-edge appo-
sition closure. Depending on technique and surgeon 
preference a drain may or may not be used following 
the procedure (Fig. 18.5).

A variety of authoritative technique texts and 
articles are available to the surgeon through the lit-
erature. Appropriate selection of technique is based 
not only on surgeon preference but also on the goals 
and physical state of anatomy of the patient.1

Complications from facelift should be infrequent, 
but the possibility should be discussed with the 
patient preoperatively. As already noted external 
factors, including smoking, use of aspirin or nonste-
roidal anti-inflammatory drugs, and other systemic 
disorders can greatly increase the risk of postopera-
tive complications.

Hematoma is reported as the most common com-
plication following facelift.11 A hematoma within the 
first several hours of facelift is a surgical emergency 
and should be treated quickly to avoid the possibil-
ity of postoperative healing difficulty. Infection is 
reported but is a rare complication in facelift. Wound 
drainage and antibiotic therapy should be initiated 
with continued antibiotics guided by culture.

Obese patients should be counseled that their 
results will be limited, and their expectations should 
be lowered. It may be wise to counsel the patient 
on a realistic weight loss program prior to pursuing 
surgery. Due to the elective nature of this procedure 
geriatric patients should ideally have no systemic or 
complicating factors related to their ability to safely 
undergo surgery and avoid postoperative compli-
cations. Medications that have any anticoagulant 
effect, including aspirin and other nonsteroidal anti-
inflammatory drugs, should be stopped. An appro-
priate evaluation of prescription medications should 
be coordinated with the patient’s personal physician, 
and cardiac issues should be cleared by their physi-
cian appropriately before anesthesia and surgery. 
Smoking is a significant issue for facelift patients, 
and the surgeon should insist that the patient stop 
smoking completely and abstain for at least 3 to 6 
months prior to surgery.

An extremely wide array of procedures within the 
facelift category have been described and are used. 
These range from relatively minimal incisional “mini 
lifts,” which can be done under local anesthesia on 
an outpatient basis, to very extensive open proce-
dures performed under general anesthesia to correct 
multiple layers of facial anatomy. Often, ancillary 
procedures, particularly in the submental area, are 
used for submental correction including some form 
of submental liposuction and platysmal plication.

A wide variety of approaches are described and 
used. The majority of surgeons at this point in time 
are using a variation of periauricular incisions start-
ing in the temple area going either pre- or posttragal, 
extended beneath and behind the ear, and then fre-
quently extended into the postauricular occipital hair-
line. The two most frequently described flaps would 
include skin elevation and the subcutaneous level to 

Fig. 18.5 (a) Typical aging changes seen in the face, submental, and neck regions. (b) Appearance following facelift procedure.
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contribute to the characteristics that we recognize 
as aging in the geriatric patient’s face. These changes 
result in poor skin tone, poor surface appearance of 
the skin itself, ptosis of the muscles of facial expres-
sion, and drooping of the fat compartments com-
bined with the appearance of facial rhytides. The 
treating surgeon should understand that geriatric 
patients continue to have a level of self-image and 
self-recognition goals that they wish to achieve. Sig-
nificant evaluation and discussion preoperatively 
should encompass these goals to achieve appropri-
ate and satisfactory results for both the patient and 
the surgeon.

As noted, changes in the skin may be the earliest 
and most obvious characteristic of the aging process 
in the geriatric patient. The loss of elasticity is pro-
gressive and continues to increase and can be exac-
erbated based on ultraviolet light exposure and other 
external factors. Photoaging in the geriatric patient 
also results in lentigines, keratosis, loss of elasticity, 
and telangiectasias in addition to the usual rhytides. 
Accompanying this loss of skin elasticity and in addi-
tion to the skin aging we see the loss and change of 
position of subcutaneous fat, ptosis of muscles, and 
lengthening of fibrous attachments. Gravitational 
forces in addition to facial animation all tend to give 
the characteristic eyelid bags, cheek and jowl laxity, 
submental laxity, and platysmal banding.

Ultimately aesthetic facial procedures in the geri-
atric patient must be evaluated as elective in nature. 
Safety as well as potential improvement should be 
a key factor in the geriatric patient. That being said, 
however, it should not be forgotten how important 
facial appearance typically is to everyone, regard-
less of age, and how self-image and self-perception 
impacts all of our patients as they enter the geriat-
ric age group. Perhaps the ideal quote is from Mark 
Twain who said, “Age is an issue of mind over matter. 
If you don’t mind, it doesn’t matter.”

Patients should be warned that nearly all individ-
uals will have hypoesthesia for 4 to 12 weeks follow-
ing facelift surgery, and this is expected. However, 
motor weakness from damage to the facial nerve 
branches or more is a more significant injury.

Incisional scars that are widened or even hyper-
trophic are possible after facelift. Often this is related 
to excessive tension on the closure, and tension 
should be avoided, with edge to edge position of the 
skin closure as part of the technique. Similarly, ear-
lobe deformity or pulling of the inferior portion of the 
ear may be related to scar contracture or too much 
tension in this area. This can be treated by release 
of the earlobe and advancement of the incision. It is 
best avoided through the initial surgical technique.

 ■ Conclusion
In addition to the key treatment areas to reverse 
facial aging, including resurfacing, blepharoplasty, 
and facelift, there are multiple other additional tech-
niques and surgical procedures that may be used 
based on the surgeon’s experience and preference 
and the patient’s desires and needs. Some patients 
may benefit from variations of brow and forehead lift, 
including direct browlift, open or variations of coro-
nal browlifts, and endoscopic approaches to lifting. 
Likewise, often the neckline can be enhanced by chin 
implantation as well as other facial enhancement 
with various facial implants such as cheek implants 
and submalar implants. With so many modalities 
available it is obvious that, in addition to the expe-
rience of the surgeon, preoperative evaluation and 
facial analysis are key to a satisfactory result.

Geriatric patients find the aging process has 
affected them in a variety of ways. Changes to the 
skin, muscle, muscle fat, and connective tissue all 
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Oral Cavity Disorders in  
Geriatric Patients
Elliot Regenbogen and Denise A. Trochesset

 ■ Introduction
In 1900, there were 3.1 million people aged 65 and 
over in the United States. As the population 65 years 
and over steadily increased throughout the 20th 
century, the older population reached 40.3 million 
in 2010. Although there was an increase in overall 
population of ~ 10% between 2000 and 2010, those 
65 years and over increased by 15%.1

As people live longer, there will be an increase in 
chronic conditions and illnesses that will affect both 
systemic and oral health.2,3 Arthritis, hypertension, 
heart disease, sinus diseases, and diabetes are some 
of the most common chronic diseases in the elderly. 
All of these conditions, and in many instances their 
treatments, can have oral consequences.

The effects of oral diseases are not necessarily 
limited to the oral cavity. Oral pathogens can cause 
immediate systemic complications (e.g., aspiration 
pneumonia, bacteremia) or, by complex immuno-
logic pathways, may be associated with long-term 
problems (e.g., coronary heart disease and cerebro-
vascular disorders).4–7

This chapter reviews age-related changes in oral 
tissues and common oral conditions in the geriatric 
population, as well as the influence of systemic dis-
eases and their treatments.

 ■ Oral Mucosa

Age-Related Changes

The clinical appearance of the oral mucosa is most 
commonly the result of recurrent mild trauma from 
cheek biting, chronic mucosal disease such as lichen 
planus, tobacco use, and increased friction as a result 
of salivary hypofunction. Histological changes may 
include epithelial thinning, loss of submucosal elas-
tin and fat, and increased fibrotic connective tis-
sues with degenerative alteration in collagen.8 The 

resulting clinical appearance may be one of dry, thin, 
smooth tissue, which is prone to further trauma and 
infection, particularly with denture use in the face 
of salivary hypofunction. Although oral mucosal 
immunity is believed to undergo some age-related 
changes, wound healing and regeneration of the oral 
mucosa are generally not affected (Fig. 19.1).9,10

Conditions

Many lesions are attributable to poorly fitting den-
tures. The persistent low-grade irritation caused by 
the prostheses moving and rubbing against tissue, 
or by patients wearing dentures 24/7 without clean-
ing or removing them regularly, can induce chronic 
inflammation, causing denture stomatitis, papillary 
hyperplasia, and even atrophy of the bone of the 
alveolar ridges. Hyperplastic reactions can also occur 
leading to the formation of redundant soft tissue 
(epulis fissuratum) or alteration of the mucosa such 
as frictional hyperkeratosis. Other conditions may be 
grouped as follows.

19

Fig. 19.1 Hyperkeratosis of the retromolar pad.
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Lichenoid mucositis can be caused by a variety of 
medications commonly prescribed in older patients 
(e.g., acyclovir, gold salts, methyldopa, and thiazide 
diuretics) as well as over-the-counter products such 
as mouth rinses or chewing gum (Fig. 19.5).

Pemphigus vulgaris is a potentially serious auto-
immune disorder that usually affects individuals in 
their fifth and sixth decades (Fig. 19.6). Cicatricial 
pemphigoid is another immunologically mediated 
disorder; it affects primarily older women (Fig. 19.7).

The use of tissue-supported complete or partial 
dentures in any of these conditions can cause exac-
erbation of disease leading to vesicle formation, then 
rupture and formation of ulcers.

Recurrent Aphthous Stomatitis

This condition is less common in elderly people than 
in younger people; however, nutritional and hema-
tologic deficiencies that are common in older adults 

Benign Pigmented Mucosal Lesions

Conditions demonstrating change in mucosal 
color can include mucosal varices (venous lake)  
(Figs. 19.2 and 19.3), lingual varicosities, amalgam 
tattoos, melanosis from medications (e.g., Plaquenil), 
and melanotic macules. 

Benign Soft Tissue Growths 

Various benign soft tissue lesion may present in the 
oral cavity. Some common lesions that present as 
submucosal swellings include reactive lesions like 
pyogenic granuloma, epulis fissuratum, and fibro-
mas. Other benign growths include lipoma, neu-
roma, papilloma, and granular cell tumor. Benign 
bone growths include tori and exostoses. Ectopic 
sebaceous glands are seen as submucosal creamy or 
white dots on the lips, buccal, and labial mucosa.

Vesiculobullous Diseases

Lichen planus, pemphigus vulgaris, and cicatricial 
pemphigoid are some of the oral vesiculobullous 
diseases that can be found more frequently in the 
geriatric population. The most common of these is 
lichen planus, which is a recurrent, chronic, inflam-
matory, and immune-regulated mucocutaneous dis-
order that affects ~ 1% of the population, of which  
~ 35% are aged 50 years or older (Fig. 19.4).11 In 
the oral cavity, there are two major forms of lichen 
planus, reticular and erosive. Only the erosive type 
needs to be treated, but all patients with oral lichen 
planus should be monitored at regular intervals due 
to a slightly increased risk of developing squamous 
cell carcinoma.

Fig. 19.2 Mucosal varix of the labial mucosa.

Fig. 19.3 Varices of the lip.

Fig. 19.4 A 63-year-old man with reticular lichen planus.
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can predispose to recurrent ulcers,12 as can gastro-
intestinal (GI) diseases such as Crohn disease, celiac 
disease, and Helicobacter pylori infection, which have 
been associated with aphthous stomatitis.

Oral Cancer

The incidence increases with age, with over 90% 
of all cases occurring in individuals 45 and older.13 
Although there is a trend in recent years toward 
younger individuals, the American Cancer Society’s 
2013 estimate for the average age of most people 
diagnosed with these cancers is 62. The most com-
mon risk factors are increased age and the use of 
tobacco and alcohol. In general, ~ 80% of oral cavity 
and pharynx cancers are squamous cell carcinoma.14 
These lesions can appear as exophytic, poorly demar-
cated, and ulcerated, erythroplakic, and/or leukopla-
kic (Fig. 19.8). The most common premalignant oral 
lesion is leukoplakia, and the incidence of leukopla-
kic lesions undergoing malignant transformation 
rises sharply with age. Mortality rates for oral cancer 
also increase with age.15

Infections

The oral cavity of older adults is more likely to be 
susceptible to opportunistic infections due to age 
and disease-related changes in the oral and systemic 
immune system. The older patient is more likely 
to suffer systemic infection from viral, fungal, and 
bacterial organisms that invade, infect, and become 
latent in the hard and soft tissues of the oropharyn-
geal region.16

Fig. 19.5 Lichenoid mucositis. Erythema and erosion of the 
ventral lateral tongue in a patient with hepatitis C.

Fig. 19.6 Pemphigus vulgaris. Severe gingival erosion and 
ulceration.

Fig. 19.7 An 83-year-old man with mucous membrane pem-
phigoid. (a) Ulceration of the anterior hard palate associated 
with the use of a full upper denture. (b) Vesicle formation on 
the lateral aspect of the mandibular alveolar ridge in the same 
patient

a

b



19 Oral Cavity Disorders in Geriatric Patients 203

most commonly occurring on the lip, recurrent 
lesions may be seen on the skin of the face, the nose, 
and the ear. Intraoral recurrent lesions are restricted 
to the keratinized mucosa of the gingiva and hard 
palate and tend to present in crops of vesicles, which 
rupture into ulcerations and often will coalesce into 
one large ulcer. HSV 1 has historically been seen in 
the oral cavity, but increasingly HSV 2 infections are 
seen as well.

Candida Infections

Oral candidiasis, a common opportunistic infection 
of the oral cavity caused by an overgrowth of Can-
dida, can result in difficulty eating as well as systemic 
infections. The most frequently identified risk fac-
tors for the development of oral candidiasis are the 
wearing of dentures, the degree of Candida coloniza-
tion, a lack of oral hygiene, tobacco use, xerostomia, 
a deterioration in the general state of health, steroid 
use, and antibiotic therapy (Fig. 19.10).19

The bacteria that cause the most common oral 
mucosal infections are those associated with new 
and recurrent dental caries (Streptococcus mutans, 
Lactobacillus), periodontal diseases (Porphyromo-
nas gingivalis, Treponema denticola), and acute and 
chronic salivary infections (Staphylococcus aureus, 
Streptococcus viridans).20

Herpes

Of the viral infections, the most common come from 
the herpes family. Herpes zoster (HZ) is a neurocu-
taneous disease that is caused by the reactivation of 
varicella-zoster virus (VZV) from a latent infection 
of dorsal sensory or cranial nerve ganglia. Although 
the initial infection typically occurs in childhood, 
reactivation of the latent virus may be secondary to 
immunosuppression, trauma, stress, or concurrent 
infections. Shingles, the result, is an acute condi-
tion with very painful and frequently incapacitating 
oral-facial vesicular lesions on the skin and mucous 
membranes in the areas that follow the unilateral 
distribution of ophthalmic, maxillary, or mandibu-
lar divisions of trigeminal sensory nerves (Fig. 19.9). 
The clinical presentation in an older adult will be 
similar to that in a younger person, but lesions may 
persist longer. The incidence of HZ increases sharply 
among patients aged ~ 50 to 60 years and continues 
an upward course in the decades > 60 years. In the 
Duke Established Populations for Epidemiological 
Studies of the Elderly,17 the lifetime risk of having HZ 
increased significantly with age even among elderly 
patients (odds ratio, 1.20 for every 5 year interval 
in patients > 65 years old; 95% confidence interval, 
1.10–1.31). Extrapolating from HZ epidemiologi-
cal studies, experts calculate the lifetime incidence 
rate of HZ to be 10 to 20% in the general population 
and as high as 50% of a cohort surviving to age 85 
years. Not only is HZ considerably more common 
among elderly people, but so too is chronic HZ pain. 
This increased incidence of HZ and postherpetic 
neuralgia with age correlates with the simultaneous 
age-related decrease in VZV-specific cell- mediated 
immunity.18

In addition, recurrent infections from herpes sim-
plex virus (HSV) may continue into old age. Although 

Fig. 19.8 Squamous cell carcinoma in a 67-year-old man.

Fig. 19.9 Patient with herpes zoster. (Picture courtesy of Dr. 
Charles Consky.)



Geriatric Otolaryngology204

Treatments

Risk factors and treatment are summarized in 
Table 19.1. The treatment of traumatic oral lesions 
begins with the elimination of underlying factors 
such as the repair of a poorly fitting denture. Topi-
cal analgesics can be helpful along with antibiotics 
for secondary infections. Treatment of vesiculobul-
lous disease and erosive lesions depends on the 
severity of the condition. Topical oral steroids may 
be mixed with oral adhesives like Orabase (Colgate-
Palmolive Co., New York, NY). Systemic steroids 
and immunosuppressant agents may need to be 
considered. In the geriatric population, particu-
lar care must be exercised with such medications 
in the face of common concurrent medical issues 
such as heart disease, diabetes, osteoporosis, and 
depression.

Prevention of oral cancer begins with the elimi-
nation of established risk factors (e.g., the use of 
tobacco and alcohol). Early detection is a key compo-
nent of successful treatment. Older edentulous indi-
viduals are four times less likely to see a dentist than 
are dentate individuals and should therefore be tar-
geted for regular annual examinations for head and 
neck cancer.21,22 Dental management before, during, 

Fig. 19.10 Pseudomembranous candidiasis (thrush).

Table 19.1 Risk factors and treatment of oral mucosa disease

Disease Risk factors Treatment

Oral cancer Tobacco, alcohol, human papilloma virus, human 
immunodeficiency virus, radiation, immunosuppression, 
leukoplakia, erythroplakia, family history, asbestos, printers 
(polycyclic aromatic hydrocarbons), betel quid

Surgery
Radiation therapy
Chemotherapy

Traumatic lesions Poorly fitting denture, chronic lip chewing, traumatic ulcers, 
secondary infection

Oral rinses 
Viscous lidocaine 
Diphenhydramine elixir 
Dyclonine 
Sucralfate
Systemic medications 
Penicillin 
Amoxicillin 
Erythromycin

Vesiculobullous and 
erosive disease

Drug reaction, trauma, allergy Topical medications 
Fluocinonide gel 
Triamcinolone acetonide gel 
Clobetasol propionate gel
Oral rinses 
Dexamethasone elixir 
Diphenhydramine elixir 
Dyclonine 
Sucralfate
Systemic medications 
Prednisone  
Immunosuppressant 
Nutritional supplements
Fluid intake
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decrease the chance of developing thrush. Systemic 
antifungal agents will have limited effectiveness in 
patients with decreased or no salivary flow.

 ■ Periodontium

Age-Related Changes

With the increasing retention of the natural denti-
tion, the number of teeth in older adults at risk of 
developing periodontal disease is growing.25 Gin-
gival recession and loss of periodontal attachment 
and alveolar bone are nearly universal age-related 
changes. Several systemic conditions and medica-
tions that are more prevalent among older adults 
have been linked with periodontal disorders.

Conditions and Treatments

Gingivitis is much more likely to develop in older 
patients because of oral and systemic factors. Den-
tal plaque, gingival bleeding, and calculus accumu-
lations develop as a result of softer diets, reduced 
oral motor activity, and salivary gland hypofunction. 
Advanced periodontal diseases have been associated 
with nonoral diseases such as pneumonia, bactere-
mia, infective endocarditis, coronary heart disease, 
and brain abscesses, and they may interfere with the 
treatment of systemic diseases.

There is some evidence that severe osteoporosis 
significantly reduces the bone mineral content of 
the jaws and that it may be associated with greater 
periodontal attachment loss and tooth loss.26 Studies 
have been conducted to evaluate the effect of hor-
mone replacement therapy in modifying the peri-
odontal conditions in postmenopausal women. The 
clinical significance of hormone replacement ther-
apy in periodontal health is not well established.27

Medications and medical problems that are com-
mon among older adults have an adverse effect on 
periodontal health. Calcium channel blockers, phe-
nytoin, and cyclosporine, which are prescribed fre-
quently for older persons, have been associated with 
gingival overgrowth or hyperplasia.28 Diabetes, even 
when well controlled, is associated with increased 
risk of periodontal disease.29 The prevalence of dia-
betes among adults age 65 and older increased by 
more than 50% between 1997 and 2006.30 Oral muco-
cutaneous diseases such as erosive lichen planus and 
cicatricial pemphigoid can demonstrate the clinical 
appearance of desquamative gingivitis (Fig. 19.11).

If the periodontal disease is believed to arise from 
the patient’s medical conditions and their treatment, 
then a systemic approach to oral health management 
is required. Drug-induced gingival hyperplasia fre-

and after treatment of oral cancer is essential to pre-
vent complications. Oral cancer is treated by surgery, 
chemotherapy, and radiotherapy. Common sequelae 
include stomatitis, dysphagia, pain, paresthesias, oral 
motor dysfunction, salivary hypofunction, and an 
increased risk of developing osteoradionecrosis.

Prevention of the spread of viral lesions in elderly 
patients can be accomplished by avoidance of indi-
viduals who have active infections. Although the 
lesions are usually self-limited, supportive measures 
are necessary to maintain adequate nutritional and 
fluid intake and to diminish pain. However, early 
diagnosis can diminish morbidity in older patients. 
In particular, immunocompromised adults are sus-
ceptible to recurrent herpes infections and require 
immediate and aggressive antiviral treatment. Acy-
clovir, valacyclovir, and famciclovir are common 
antiviral medications that can, in general, be used 
safely in older patients and are well tolerated. The 
drugs are excreted by the kidneys and should be 
dosed appropriately for patients with renal insuffi-
ciency. Randomized, controlled trials indicate that 
orally administered acyclovir (800 mg 5 times a day 
for 7 days), famciclovir (500 mg every 8 h for 7 days), 
and valacyclovir (1 g three times a day for 7 days) 
reduce acute pain and the duration of chronic pain 
in elderly patients with HZ who are treated within 
72 hours of the onset of rash.23 Unfortunately, 20 to 
30% of treated patients in antiviral trials had pain 6 
months from HZ onset, indicating that patients who 
have been treated can develop postherpetic neural-
gia. In the most recent trial of acyclovir and pred-
nisone, time to uninterrupted sleep, return to daily 
activity, and cessation of analgesic therapy was sig-
nificantly accelerated in patients who received corti-
costeroids.24 The patients in the trial had an average 
age of 60 years and no relative contraindications 
to corticosteroids such as hypertension, diabetes 
mellitus, or osteoporosis. Therefore, some experts 
advocate orally administered corticosteroids for oth-
erwise healthy older adults with moderate to severe 
pain and no contraindications to corticosteroids.

Prevention of bacterial infections and candidiasis 
involves good oral and denture hygiene, the judi-
cious use of antibiotics and immunosuppressants, 
and the elimination of underlying local and systemic 
etiologic factors such as salivary hypofunction, dia-
betes, or immunodeficiency. The use of antifungal 
creams, rinses, and lozenges is usually successful, 
but persistent infections require systemic antifun-
gal agents. If a patient has a denture or other pros-
thesis, both the oral cavity (rinse, troches, etc.) and 
the prosthesis (antifungal denture bath) should be 
treated to limit fungal burden. Concurrent use of 
an antifungal (often needed only once or twice per 
day) is prudent when potent topical corticosteroids 
are used in patients with diabetes or severe salivary 
hypofunction or in immunocompromised patients to 
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Discoloration, loss of enamel, abrasion, and erosion 
are seen commonly.

Conditions and Treatments

Increases in caries in the elderly are influenced by two 
trends: a greater retention of teeth among elderly per-
sons, and a decline in caries among younger people.34 
Dental plaque is the primary source of microorgan-
isms, which contribute to caries in the elderly. With 
diminished salivary gland function, disturbances in 
oral motor function, and difficulty in performing oral 
hygiene older patients are more susceptible to new 
and recurrent tooth decay. When detected early, car-
ies can be restored with a variety of dental materials. 
In addition to pain and tooth loss, untreated caries 
can progress to cellulitis, abscess, and bacteremia.

Rigorous oral hygiene, including brushing and 
flossing after each meal, is the most important part 
of preventive care. The use of fluoride-containing 
rinses, gels, and varnishes can help in the remineral-
ization of existing decay and the prevention of new 
caries.35 Regular dental visits for prophylaxis, exami-
nation, and early treatment of dental caries are also 
required. The treatment of coronal and root surface 
dental caries has been facilitated by the improve-
ment in restorative materials. Cosmetic and implant 
dentistry has also made considerable advances that 
have implications for older adults.

Patients affected with medical conditions that are 
known to cause salivary hypofunction (e.g., Sjögren 
syndrome, diabetes, head and neck irradiation, 
Alzheimer disease) must be monitored more closely. 
Similarly, patients who are taking medications asso-
ciated with salivary hypofunction (e.g., antidepres-
sants, antihypertensives, antipsychotics) should 
be recalled more frequently than other patients to 
dental professionals. The older patient with salivary 
hypofunction requires rigorous oral hygiene prac-
tices with the addition of supplemental fluoride gels 
and rinses.

 ■ Salivary Glands

Age-Related Changes

It was previously thought that changes in qualitative 
and quantitative salivary production were associated 
with normal aging. This may have been partly due to 
the common complaint of xerostomia (mouth dry-
ness) in older people. Published work presents a con-
flicting picture of the effects of age on salivary flow. 
The different results are likely to be due primarily to 
the varying methodologies, including the age of the 
individuals, the number of individuals, the exclusion 

quently requires surgical reduction along with plaque 
control and the consideration of alternative medica-
tion. Other dental issues commonly found in older 
patients, such as restoration problems, poorly fitting 
dentures, and caries need to be addressed as well.

Finally, there are oral and sociobehavioral factors 
that influence the progression of periodontal disease 
in elderly people. Irregular dental visits, smoking, 
psychosocial stress, and poor socioeconomic status 
all are predictors of periodontal attachment loss 
in older patients.31,32 Periodontal maintenance and 
prevention regimens are similar for all age groups 
but may require additional time, equipment, and 
recall visits to dental professionals depending on 
the functional and mental capacity of the individual. 
Periodontal health can be maintained with tooth 
brushing and flossing after each meal and with regu-
larly scheduled professional dental examinations 
and cleanings. In older adults who are homebound, 
institutionalized, or physically and/or behaviorally 
compromised, all additional caregivers need to be 
made part of this routine. Dental professionals must 
be actively involved and must instruct caregivers 
on the proper use of oral and denture hygiene tech-
niques for their patients.

 ■ Dentition

Age-Related Changes

With improvement in oral care, prevention, tooth 
preservation, and restoration major epidemiological 
changes have occurred over the past several decades 
in regard to retention of dentition. Only ~ 30% of 
adults aged ≥ 65 years are completely edentulous.33 
Age-related changes are attributable to normal phys-
iological processes and to pathological changes in 
response to functional and environmental stresses. 

Fig. 19.11 Desquamative gingivitis. (Picture courtesy of Dr. 
Albert Yoo.)
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Conditions and Treatments

Median Rhomboid Glossitis

Median rhomboid glossitis is characterized by a 
rhomboid-shaped smooth atrophic erythematous 
mucosa with missing filiform papillae, located at 
the dorsal midline or paramedian of the tongue, 
just anterior to the circumvallate papillae on the 
dorsal midline of the tongue (Fig. 19.12). The area 
usually produces little symptoms other than occa-
sional burning or itching. Men are affected three 
times more often than women. This lesion has tra-
ditionally been thought to be the result of a lack of 
fusion of the two lateral processes (lingual tubercles) 
resulting in a lack of coverage of the central structure 
formed from the first and second branchial arches, 
the tuberculum impar.39,40 However, there is also an 
association with candidal infections and a response 
to antifungals (e.g., nystatin, fluconazole, clotrima-
zole) given as a suspension or oral troche. Candida 
can be confirmed with a scraping or culture. More 
frequent Candida infections may be the cause of the 
higher incidence of median rhomboid glossitis in 
those with diabetes. Other surfaces of the mouth are 
characteristically spared. A possible premalignant or 
malignant phenomenon should be ruled out when 
the clinical aspects contradict those expected.

Atrophic Glossitis

The smooth, glossy appearance associated with atro-
phic glossitis is due to atrophy of the filiform papil-
lae. In most cases atrophic glossitis is a manifestation 
of an underlying condition, many of which are sum-
marized in the Table 19.2. Treatment can include 
nutrient replacement or treatment of the underlying 
condition.

and inclusion criteria, cross-sectional rather than 
longitudinal design, method of stimulation (mechan-
ical or chemical), and duration of collection period, 
all of which make comparisons between the studies 
difficult; but the age-old mantra of decreased saliva-
tion with increased age is not supported by the liter-
ature. Changes in anatomy and physiology, including 
sensation, with age can account for changes in sali-
vary flow.36 In addition, no age-related decreases in 
the secretion of certain salivary constituents (e.g., 
total proteins, proline-rich proteins, lactoferrin, 
sodium, and potassium) are seen in a healthy elderly 
population. The loss of fluid-producing acinar cells 
increases the susceptibility of an older individual to 
salivary perturbations such as those caused by medi-
cations with anticholinergic side effects.37

Conditions and Treatments

The most common pathogens associated with acute 
salivary gland infections are Staphylococcus aureus 
and anaerobic bacteria. The predominant anaer-
obes include gram-negative bacilli (i.e., Prevotella 
spp, Porphyromonas spp, Fusobacterium spp) and 
Peptostreptococcus spp. Additionally, Streptococcus 
spp (including S. pneumoniae and S. pyogenes) and 
aerobic and facultative gram-negative bacilli (includ-
ing Escherichia coli) have been reported. Aerobic 
and facultative gram-negative organisms are often 
seen in hospitalized patients. Organisms less fre-
quently found are Haemophilus influenzae, Klebsiella 
pneumoniae, Salmonella spp, Pseudomonas aerugi-
nosa, Treponema pallidum, Bartonella henselae, and 
Eikenella corrodens. Mycobacterium tuberculosis and 
atypical mycobacteria are rare causes of parotitis.38

Appropriate antibiotic therapy for salivary gland 
infections should be based on diagnostic culture and 
sensitivity testing, when possible. Hydration, the 
use of a sialogogue, massage of the infected gland, 
and the use of an amoxicillin and clavulanic acid 
(clindamycin if the patient is allergic to penicillin) 
can be started immediately. Diagnosis and treatment 
of salivary gland obstructions may require imaging 
tests (radiography, ultrasonography, sialography) 
and subsequent removal of the obstruction.

 ■ Tongue

Age-Related Changes

The tongue is a frequent site of oral soft tissue 
changes. Changes may range from varying forms of 
glossitis to mass formation. This section discusses 
various lingual changes that may be recognized in 
the elderly patient and, where appropriate, their 
associated treatments. Fig. 19.12 Patient with median rhomboid glossitis.
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use of tobacco. A family history of geographic tongue 
is reported in most patients, suggesting the presence 
of hereditary factors.

With geographic tongue, the dorsal tongue devel-
ops areas of papillary atrophy that appear smooth 
and are surrounded by raised, serpiginous borders 
(see Fig. 19.13). With resolution and recurrence of 
atrophy the areas appear to migrate. The condition 
is benign and localized, generally requiring no treat-
ment except reassurance. Some patients may have 
sensitivity to hot or spicy foods. Topical steroid gels 
(e.g., triamcinolone dental paste) and antihistamine 
mouth rinses (e.g., diphenhydramine elixir, 12.5 mg 
per 5 mL diluted in a 1:4 ratio with water) can reduce 
tongue sensitivity.43

Hairy Tongue

The morphology of hairy tongue is due to excess ker-
atin accumulation on the filiform papillae of the dor-
sal surface. The color can range from white or tan to 
black (Fig. 19.14). It occurs most commonly in smok-
ers and in persons with poor oral hygiene and has 
been associated with use of certain antibiotics (i.e., 
tetracycline, olanzapine, and bismuth).44

Most patients are asymptomatic, but some have 
halitosis or abnormal taste. No treatment is required, 
but gentle daily debridement with a tongue scraper 
or soft toothbrush can remove keratinized tissue. 
Keeping well hydrated and eating raw fruit and veg-
etables to provide roughage on the tongue can also 
help. Although medications are rarely required, the 
use of clotrimazole, nystatin, retinoids, triamcino-
lone, gentian violet, salicylic acid, vitamin B com-
plex, and urea solution has been reported. The use 
of yogurt or other acidophilus-containing products 
may also be helpful.45

Fissured Tongue

The deep grooves of a fissured tongue are deepen-
ing of normal tongue fissures (Fig. 19.13). These 
typically occur with aging and require no treatment 
unless trapped food and bacteria cause inflamma-
tion. Gentle brushing can alleviate most symptoms. 
Fissured tongue has also been associated with Down 
syndrome, acromegaly, psoriasis, and Sjögren syn-
drome. Melkersson-Rosenthal syndrome is accom-
panied by severe tongue fissuring, relapsing orofacial 
edema, and facial nerve palsy.

Geographic Tongue

The prevalence of geographic tongue, also known as 
benign migratory glossitis or erythema migrans, has 
been reported to vary between 0.28% and 14.4%, but 
most surveys show a range between 1 and 2.5%. Dif-
ferences in sampling, diagnosis, type of examination, 
and ethnic group studied may explain the wide range 
in reported rates.41,42 The cause of the disease remains 
unknown. It has been associated with several condi-
tions, such as pustular psoriasis, allergy, hormonal 
disturbances, juvenile diabetes, Reiter syndrome, 
Down syndrome, nutritional deficiencies (vitamin 
B complex in particular), psychological upsets, fis-
sured tongue, lichen planus, and lithium treatment. 
A geographic tongue in an otherwise healthy person 
may indicate a tendency to develop generalized pus-
tular psoriasis. Geographic tongue is not related to 
infection with human immunodeficiency virus or 

Table 19.2 Conditions associated with atrophic 
glossitis

Amyloidosis

Celiac disease

Chemical irritants

Drug reactions

Local infections (candidiasis)

Nutritional deficiencies (iron, folic acid, B12, riboflavin, 
niacin)

Vesiculoerosive diseases (pemphigoid, pemphigus vulgaris, 
erythema multiforme, Stevens–Johnson syndrome)

Pernicious anemia

Protein-calorie malnutrition

Sarcoidosis

Sjögren syndrome

Systemic infections (syphilis)

Fig. 19.13 Patient with geographic tongue, fissure tongue, 
and fibroma.
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Traumatic Fibromas

Traumatic fibromas are common, typically appearing 
along the bite line. The lesion is usually dome-shaped, 
pink, and smooth (see Fig. 19.13). It is caused by the 
accumulation of dense connective tissue at the site of 
chronic irritation. Diagnosis and treatment should be 
made with biopsy if another diagnosis is suspected.47

Leukoplakic and Erythroplakic Lesions

Leukoplakic and erythroplakic lesions appear 
as adherent patches of red or white coloration  
(Fig. 19.15). They both have premalignant potential, 
more so with erythroplakia. Strong consideration 
should be given for biopsy and close follow-up. The 
most common associated factor is tobacco use.

Lingual Thyroid

This condition appears as a smooth, nodular mass in 
the midline, posterior, dorsal surface of the tongue. Its 
presence usually represents a lack of descent of thy-
roid tissue, and up to 70% of patients are hypothyroid.48

Lymphoepithelial Cysts

The lesions are yellow nodules located on the ven-
tral surface of the tongue, tonsil regions, or floor of 
the mouth. They are benign and thought to represent 
minor salivary or mucosal tissue entrapped during 
development. Biopsy is necessary to confirm diagnosis.

Macroglossia

This entity is an abnormal enlargement of the tongue 
relative to the morphology of the mouth and jaws. 
A scalloped lateral margin due to crowding against 

Oral hairy leukoplakia appears on the lateral mar-
gins of the tongue and may be unilateral or bilateral. It 
is associated with immunosuppression and is caused 
by the Epstein-Bar virus. In the absence of a known 
immunocompromising condition, human immuno-
deficiency virus (HIV) testing should be considered. 
Antiviral medications such as acyclovir may be used 
for 1 to 3 weeks, although recurrence is common.41

Other Lesions

Granular Cell Tumors

Granular cell tumors are small, solitary, painless 
tumors that can involve the dorsal surface of the 
tongue. The tumors typically have a smooth surface 
and are more common after age 30 and in women. 
Biopsy is necessary to confirm the diagnosis, and 
malignant transformation is rare.46

Fig. 19.14 Patient with hairy tongue.

Fig. 19.15 Erythroplakia on the ventral tongue in a 90-year-
old man.
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Treatments of xerostomia are summarized in 
Table 19.6. Patients with xerostomia who have some 
remaining viable salivary parenchymal tissue will 
respond to salivary stimulants; these include sugar-
less candies, mints, and gums; and nonsugared, non-
acidic beverages, used frequently. A combination of 
alcohol-free mouthwash and sugarless chewing gum, 
although the effect is short-lived, has been shown 
to improve xerostomia secondary to radiotherapy.56 
Vitamin C has been shown to be subjectively more 
effective than artificial saliva but less effective than 
other salivary stimulants.57 Malic acid, found in fruits 

the teeth is common. Associated conditions include 
Down syndrome, hypothyroidism, tuberculosis, 
sarcoidosis, amyloidosis, multiple myeloma, neuro-
fibromatosis, infection (e.g., syphilis), vascular mal-
formations (Fig. 19.16), and angioedema or allergic 
reaction. Diagnosis and treatment should be directed 
at the underlying disorder.

Squamous Papilloma

These common lesions are present in up to 1% of 
adults. The disorder is usually associated with papil-
lomavirus type 6 or 11.49 They may present as a sin-
gle pedunculate lesion or involve a more diffuse area. 
Diagnosis and treatment involve surgical excision.

 ■ Specific Conditions

Xerostomia and Salivary Hypofunction

A sensation of oral dryness (xerostomia) is a fre-
quent complaint among the elderly.48 This may occur 
despite normal salivary gland activity because saliva 
does not necessarily wet the whole mouth uniformly 
and localized areas of dryness can trigger the sen-
sation of dry mouth.50 Nevertheless, whatever the 
original salivary flow rate, sensation of oral dryness 
occurs when the flow rate is diminished by 50%.51

Possible causes of dry mouth are summarized in 
Table 19.3. Common habits such as tobacco smoking, 
alcohol use (including in mouthwashes), and use of 
beverages containing caffeine (coffee, tea, some soft 
drinks) can cause some oral dryness.

A wide range of drugs can cause reduced saliva-
tion (Table 19.4). The drugs most commonly impli-
cated in dry mouth are the tricyclic antidepressants, 
antipsychotics, atropinics, β-blockers, and antihis-
tamines. Dry mouth is a common complaint in the 
elderly, mainly as a consequence of the large number 
of drugs used and the high frequency of polyphar-
macy.52,53 Even in elderly patients with advanced 
cancer, dry mouth was the fourth most common 
symptom (78% of patients), but the usual cause was 
drug treatment, and there was an association with 
the number of drugs prescribed.54

Systemic diseases (e.g., Sjögren syndrome) should 
be identified, managed, and controlled. Tests to be 
considered in the evaluation of xerostomia are sum-
marized in Table 19.5. In medication-associated 
xerostomia, elimination, substitution, or reduc-
tion of the causative drug, in collaboration with the 
patient’s physicians, is the ideal solution. For patients 
receiving head and neck radiation therapy for oro-
pharyngeal cancers, contralateral parotid gland 
preservation techniques can help diminish postirra-
diation xerostomia.55

Table 19.3 Etiology of xerostomia

Cystic fibrosis

Dehydration

Drugs

Graft vs. host disease

Infections

     Human immunodeficiency virus

     Hepatitis C

     Human T lymphotropic virus 1

Irradiation

Primary biliary cirrhosis

Psychogenic

Sarcoidosis

Sjögren syndrome

Fig. 19.16 Hemangioma/arteriovenous malformation mac-
roglossia in a 65-year-old woman.
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agents include cevimeline, bethanechol, carbachol, 
and pyridostigmine.58–60

Finally, it is vital that precautions be taken to 
prevent the deleterious consequences of diminished 
salivary production. These precautions include fre-
quent dental recall, daily use of fluorides, brushing 
and flossing after meals, and excellent prosthesis 
hygiene.

Burning Mouth

Many elderly patients present with a complaint of 
oral burning of the tongue or other location in the 
oral cavity. If the sensation of oral burning is a symp-
tom of other local, systemic, or psychogenic diseases, 
then this is referred to as oral burning disorder; oth-

such as pears and apples, can also be effective in the 
treatment of xerostomia, but both vitamin C and 
malic acid’s main disadvantage is their acidic pH and 
detrimental effect on tooth enamel.

Pilocarpine is a muscarinic receptor agonist and 
has been shown to improve symptoms of radiation-
induced xerostomia. The effects of pilocarpine are 
usually immediate; however, in radiation-induced 
xerostomia, they can take up to 12 weeks. The 
increase in saliva production generally lasts for 4 
hours. Its undesirable side effects include perspira-
tion, flushing, lacrimation, urinary frequency, and 
gastrointestinal disturbances. As a result of its cho-
linergic effect, it is contraindicated in patients with 
asthma, chronic obstructive airway disease, heart 
diseases, narrow-angle glaucoma, epilepsy, hyper-
thyroidism, and Parkinson disease. Other muscarinic 

Table 19.4 Examples of drugs associated with 
xerostomia

Antihistamines

     Cyclizine, chlorpheniramine, diphenhydramine

Antihypertensive medication

     Beta-blockers, clonidine, methyldopa

Antipsychotics

     Clozapine, chlorpromazine

Bronchodilators

     Ipratropium, tiotropium

Decongestants

     Pseudoephedrine

Diuretics

     Furosemide, hydrochlorothiazide, spironolactone

Eyedrops

     Atropine, tropicamide

Gastroesophageal reflux medication

     H2 antagonists and proton pump inhibitors

Pain medications

     Opioids

Parkinson disease medication

     Procyclidine, benzatropine

Tricyclic antidepressants

     Amitryptyline, imipramine

Urinary incontinence medication

     Oxybutynin, tolterodine tartrate

Table 19.5 Tests to be considered for xerostomia 
evaluation

Complete blood count

     Anemia may indicate chronic disease

      White cell count abnormal in immunodeficiency, 
Sjögren syndrome (SS) or systemic lupus erythematosis 
(SLE)

     Thyrombocytopenia in SS or SLE

Blood chemistry

     Increased urea and creatinine in dehydration

      Increased alkaline phosphatase in primary biliary 
cirrhosis (PBC)

      Serum angiotensin-converting enzyme elevated in 
sarcoidosis

Immunology

     SSA/Ro and SSB/La antibody for Sjögren syndrome 

     Rheumatoid factor for SS, rheumatoid arthritis, SLE

      Antinuclear antibody for SLE (anti-double stranded 
DNA) and SS

     Antimitochondrial antibody for primary biliary cirrhosis

Histopathology minor salivary gland

     Sjögren syndrome: focal lymphocytic infiltrate

     Sarcoidosis: noncaseating granuloma

Other

      Sialometry, sialography, sialoendoscopy, salivary flow 
analysis
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The prevalence of burning mouth symptoms 
reported from international studies ranges from 0.6 
to 15%.63 BMS seems to increase with age in both 
males and females, mainly affecting females in the 
fifth to seventh decade.64,65

Possible etiologies of oral burning are summa-
rized in Table 19.7. Up to a third of patients associate 
the onset of symptoms with a previous illness such 
as an upper respiratory infection, dental procedure, 
or use of a medication. Other individuals claim the 
onset of symptoms relates to traumatic life stress-
ors. Typically, the symptoms occur continuously 
for months or years without periods of cessation or 
remission. There have been reports of complete/par-
tial remission (with or without intervention) in ~ 50% 
of patients and of complete spontaneous remission 
in ~ 20% of patients within 6 to 7 years of onset.66–68

Although anxiety and depression have been con-
sistently demonstrated among patients with BMS, 
suggesting a psychogenic etiology, it is unclear 
whether psychological dysfunction is present just in 
association with chronic pain. The reported success 
of biobehavioral techniques in the treatment of BMS 
may be related more to an improvement in pain-cop-
ing strategies than to cure of the disorder.69,70

Vitamin deficiencies such as B1, B2, B6, and zinc 
deficiencies, as well as diabetes, have not shown a con-
sistent link to BMS.71,72 Mucosal ulcerative lesions, peri-
odontitis, geographic tongue, and changes in intraoral 
soft or hard tissues have not been found to have a 
significant relationship with BMS. Likewise, chemical 
irritation and allergic reaction to dental materials have 
not been found to be important causative factors.73–75

Because the majority of women in BMS studies 
are postmenopausal, hormonal changes are consid-
ered to be an important factor. However, only one 
controlled clinical trial has examined the role of 
hormone replacement therapy in postmenopausal 
women with BMS. The diagnostic criteria and out-
come measures were unclear. There were fewer than 
10 participants in each treatment arm, and compara-
bility of groups at baseline was not discussed. Due to 
methodological flaws, there are insufficient data to 
draw any reliable conclusions on the effectiveness of 
hormone replacement therapy for postmenopausal 
women with BMS.76

Patients with BMS have a higher incidence of per-
ceived mouth dryness. However, salivary flow rate 
studies have not offered supporting evidence of this. 
Alterations in levels of mucin, immunoglobulin A (IgA), 
phosphates, and pH have been found, but the relation-
ship of these to symptomatology remains unknown.69,71

A possible relationship may exist between dis-
turbance in taste and BMS. There are an increased 
number of persons with enhanced abilities to detect 
taste, “supertasters,” among patients with BMS. 
Supertasters have a higher density of taste buds, 
each surrounded by pain neurons of the trigeminal 

erwise the term burning mouth syndrome (BMS) is 
used, making it a diagnosis of exclusion.61 Histori-
cally, BMS has been referred to by many names based 
on the quality or location of pain: glossodynia, glos-
sopyrosis, glossalgia, sore tongue, burning tongue, 
scalded mouth syndrome, oral dysesthesia, and 
burning mouth condition. The use of these mul-
tiple terms reflects the confusion and uncertainty 
that exists in the scientific literature and in clinical 
practice. The International Classification of Diseases 
(version 9) has assigned the term glossodynia, which 
includes the adjunctive terms glossopyrosis and 
painful tongue, and a specific identity code number 
(529.6).62 Several definitions have been proposed, 
but most often the patient presents with sensations 
of burning pain in the mouth without any obvious 
clinical signs. The physician is unable to definitively 
diagnose the cause even with the use of diagnostic 
testing or imaging.

Table 19.6 Treatments of xerostomia

Mechanical and gustatory (sugarless)

     Chewing gum

     Sucking ointment

     Menthol

     Sweet

     Acid

     Vitamin C

     Ice chips

Pharmaceutical

     Pilocarpine

     Bethanechol

     Carbachol

     Cevimeline

     Physostigmine

     Anethole trithione

     Bromhexine

Palliative measures

     Homemade mouthwash

        – Saline, sodium bicarbonate, glycerol, mint or lemon

     Commercial mouthwash (alcohol free)

     Saliva substitutes

     Fluoride rinse, gel, and varnishes (in dentate only)
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nerve.77,78 The ability to detect bitter taste has been 
found to decrease with menopause. Reduction in bit-
ter taste at the level of the chorda tympani, cranial 
nerve VII, is associated with increased taste sensa-
tions from the area of the glossopharyngeal nerve 
(cranial nerve IX) and the production of taste phan-
toms.79 These are frequently evaluated in the process 
of establishing the diagnosis of BMS.

BMS is a diagnosis of exclusion. A thorough his-
tory and physical examination are critical. Most 
patients report increased pain intensity during the 
course of the day, decreased pain with eating, pain 
that does not wake them in the night, xerostomia 
that has varying intensity with burning, and taste 
disturbance. If symptoms persist after other prob-
lems have been excluded and treated, BMS may be 
considered and treatment offered. Clinical tests are 
summarized in Table 19.8.

Epidemiological surveys suggest that both acute 
pain and chronic oral-facial pain are significant prob-
lems among elderly people and that they require a 
thorough multidisciplinary approach to diagnosis 
and management.80,81 Oral, systemic, psychological, 
and behavioral problems are more likely to be major 
contributors to oral-facial pain. No clear evidence 
indicates that age per se is a factor in treatment out-
come for an older patient with pain.82 Although it 
was once assumed that there is a decline in sensitiv-

Table 19.7 Possible causes of oral burning

Allergy

     Dental restorations

     Denture material

     Foods

     Preservatives, additives, flavorings

Autoimmune

     Elevated antinuclear antibody

     Elevated rheumatoid factor

Cranial nerve injury/neuropathy/neoplasm

Dry mouth

     Sjögren syndrome

     Radiation therapy

     Chemotherapy

     Altered saliva content

Endocrine

     Diabetes

     Thyroid disease

     Menopause

     Hormonal deficiencies

Medication

     Angiotensin-converting enzyme inhibitors

Mucosal disease

     Candidiasis

     Fissured tongue

     Lichen planus

     Migratory glossitis (geographic tongue)

     Viral

Nutritional deficiency

     Vitamin B complex, iron, zinc

Mechanical

     Bruxism

     Clenching

     Dental/denture

Neurological

Psychological

     Anxiety

     Depression

     Phobia

Table 19.8 Clinical tests considered for burning 
mouth syndrome

Allergy testing

Change of medications

     Angiotensin-converting enzyme inhibitors

Cultures

     Fungal, viral, bacterial

Gastroesophageal reflux studies

Hematologic

     Autoimmune panel

     Chemistry including glucose, iron, vitamin B, zinc

     Complete blood count with differential

     Endocrine including thyroid

Imaging

      Magnetic resonance imaging, computed tomography  
(if indicated)

Salivary flow rates

Salivary uptake scans

     If low salivary flow rates and Sjögren syndrome suspected

Psychometric tests
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Halitosis

Although the majority of causes of halitosis in oth-
erwise healthy people is localized to the oral cavity, 
halitosis can also signal serious systemic illnesses, 
including diabetes, gastroesophageal reflux disease, 
or liver or kidney failure. Considering the older adult 
who may have several medical problems treated 
with multiple medications, a multifactorial etiol-
ogy of the malodor is not unexpected. Halitosis may 
also provide a helpful clue leading to the diagnosis 
of a previously undetected condition.85 Causative and 
management strategies are summarized in Tables 
19.10, 19.11, 19.12, 19.13.86

ity to painful stimulation with aging, more studies 
have not found this to be the case, and differences 
in the clinical presentation of disease may account 
for altered pain association.83,84 Aging and the incre-
mental effects of dental wear, previous restorative 
treatments, oral diseases, and oral hygiene practices 
can induce structural changes in teeth and periodon-
tal tissues that can affect the perception of pain in 
elderly individuals. There is little research evidence 
to provide clear recommendations for management 
of patients who have BMS.74 Initially, the clinician 
must determine if the patient is suffering from pri-
mary (essential/idiopathic) BMS or oral burning in 
which symptoms are attributable to underlying local 
or systemic conditions (secondary BMS). Treatments 
are summarized in Table 19.9.

Table 19.9 Treatments for burning mouth syndrome

Behavioral/cognitive therapy

Topical therapy

     Clonazepama

     Lidocaine

     Topical capsaicin

     Topical doxepin

Systemic therapy

     Tricyclic antidepressants

          Nortriptylinea

          Amitriptylinea

     Selective serotonin reuptake inhibitor

          Paroxetinea

          Sertralinea

     Atypical antipsychotic agents

          Amisulprideb

          Levosulpirideb

     Benzodiazepine

          Clonazepama

     Anticonvulsant

          Gabapentina

     Antioxidant

          Alpha-lipoic acid

     Atypical analgesic

          Capsaicinb

aOff-label use.
bNot available in the United States.

Table 19.10 Potential causes of halitosis

Oral

      Poor oral hygiene: dental caries, gingivitis, candidiasis, 
denture colonization, retained debris

     Aphthous and other ulcers

     Tonsillitis, tonsillith, pharyngeal abscess

     Xerostomia, hyposalivation, Sjögren syndrome

     Carcinoma

Nasal

     Sinusitis, abscess, atrophic rhinitis, foreign body

     Carcinoma

Lower respiratory

     Infection

     Carcinoma

Gastrointestinal

      Reflux, pyloric stenosis, malabsorption syndrome, 
infection, carcinoma

Hepatic

     Liver failure (dimethyl sulfide and ketones in expired air)

Renal

     Uremia

Systemic

     Starvation, dehydration

     Vitamin deficiencies

     Leukemia

     Blood dyscrasia

Psychogenic
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 ■ Summary
Recognizing that older adults are the most rapidly 
growing segment of the population, health care pro-
viders will need to address the unique issues regard-
ing this age group on a more routine basis. With 
regard to oral health, primary and systemic disease 
can interact to produce a wide range of symptoms 
and pathologies. The prevention and treatment of 
these problems can have a dramatic impact on the 
quality of life of this population, making it impera-
tive for the practitioner to have a broad fund of 
knowledge to meet the needs of elderly patients.

Table 19.12 Bacteria and by-products associated with 
halitosis

Porphyromonas gingivalis

Prevotella intermedia

Fusobacterium nucleatum

Bacteroides forsythus

Treponema denticola

Volatile sulfur compounds (VSCs)

      Methyl mercaptam, hydrogen sulphide, dimethyl 
sulphide

Volatile aromatic compounds

Indole, skatole

Polyamines

Putrescine and cadaverine

Short-chain fatty acids: butyric, valeric, acetic, and 
propionic acids

Table 19.13 Management of halitosis

Patient education

Treat underlying cause: oral and systemic

Avoiding smoking and certain foods (i.e., onions, garlic, 
cauliflower, radish)

Eating regular meals including fibrous fruits, vegetables

Good oral hygiene: brushing, flossing, tongue cleaning

Denture cleaning: leave them out at night and in 
chlorhexidine

or dilute hypochlorite solution

Use of oral care products: toothpastes and mouthwashes 
containing: chlorhexidine, triclosan, amine fluoride/
stannous fluoride, metal ions

Oral deodorants: sugar-free chewing gum, parsley, mint, 
cloves, or fennel seeds

Recalcitrant cases: metronidazole 200 mg three times a 
day for 7 days

Table 19.11 Drugs associated with halitosis

Amphetamines

Chloral hydrate

Cytotoxic agents

Dimethyl sulphoxide (DMSO)

Disulfiram

Nitrates and nitrites

Phenothiazines

Solvent abuse
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Advanced Cutaneous Malignancies  
in the Elderly
Kelly Michele Malloy and Chaz L. Stucken

 ■ Introduction and Epidemiology
Skin cancer is the most commonly diagnosed malig-
nancy in the United States.1 The term cutaneous 
malignancy represents a diverse group of epithelial 
and nonepithelial cancers, but, generally speaking, 
the majority tend to be the result of cumulative sun 
exposure. As a person ages, the amount of ultraviolet 
(UV) light exposure accumulates, thus making age 
and cumulative UV exposure difficult to distinguish 
as independent risk factors. In a 2003 study by Godar 
et al, Americans were estimated to receive 22.73% of 
their lifetime UV exposure by the age of 18, 46.53% 
by the age of 40, and 73.71% by age 59; this study 
assumed a lifespan of 78 years, at which point it is 
assumed one would have received 100% UV dose. 
With current life expectancies of over 80 for men and 
women, sun exposure likely exceeds well beyond the 
maximum “dose.”2 This also argues for vigilant sun 
protection precautions regardless of age.

Age alone is recognized as a risk factor for devel-
oping certain cutaneous malignancies, particularly 
with regard to melanoma. The National Cancer 
Institute (NCI) Surveillance, Epidemiology and End 
Results (SEER) Program reports that 44.5% of newly 
diagnosed melanomas occur in individuals aged 65 
years or older, with an additional 22% of new cases 
occurring in those 55 to 64 years.3 Although accu-
rate epidemiological data on nonmelanoma skin 
cancers are not available, it is generally felt that this 
pattern of increasing incidence with age is also true 
for other cutaneous malignancies, such as squa-
mous cell carcinoma (SCC) and basal cell carcinoma 
(BCC). It is worth making special mention of Merkel 
cell carcinoma (MCC) given its increasing incidence 
and association with advancing age. The incidence 
of MCC tripled from 1986 to 2001, and quadrupled 
by 20064,5; SEER data indicate an incidence of 0.6 per 
100,000 annually in the United States. The majority 
of MCCs occur in the elderly, with a mean age of 72 
years at diagnosis; only 5% of MCCs occur in patients 
younger than 50 years.6 Although sun exposure has 

been associated with MCC, more recently the Merkel 
cell polyomavirus has been implicated in the major-
ity of MCCs. Although exposure to this virus tends 
to occur earlier in life, it is postulated that failure 
of immune surveillance with increasing age predis-
poses to the development of this malignancy.

Cutaneous malignancies tend to be readily cur-
able when diagnosed early and treated with defini-
tive surgery; the vast majority of these early cases 
are treated by dermatologists, never entering the 
purview of the otolaryngologist. More advanced skin 
cancers of the head and neck do require the exper-
tise of head and neck surgeons for both resection 
and reconstructive surgery. Surgery remains the 
mainstay of treatment for most cutaneous malignan-
cies and can range in extent from simple wide local 
excision to sentinel lymph node biopsy (SLNB), to 
parotidectomy and neck dissection. Reconstructive 
options may include skin grafts, local flaps, regional 
flaps, and free tissue transfer. Adjuvant radiation or 
chemotherapy may be considered, depending on 
final tumor stage and comorbidities.

This chapter focuses first on the management of 
the geriatric patient with an advanced cutaneous 
malignancy, reviewing the available literature to 
provide practical guidelines for perioperative care. 
This is followed by a brief review of the specifics of 
the major subtypes of skin cancer, including staging 
and treatment considerations.

 ■ Preoperative Concerns
Many surgeons may experience reticence when eval-
uating an elderly patient for major surgery. Although 
a nonagenarian on the preoperative clinic sched-
ule may inspire some trepidation, it is important to 
remember that chronological age is not as important 
as functional age. An 80-year-old retired professor 
who still walks the golf course is a different surgi-
cal candidate compared with a 70-year-old who is 
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need for advanced care following discharge, among 
other variables.7

Extrapolating this information to the treatment 
of advanced head and neck cutaneous malignancy 
in the elderly is not perfect for obvious reasons, but 
it may help define some guidelines when counsel-
ing patients for surgery. The Genther and Gourin 
study defined neck dissection alone as a “minor 
procedure.”7 If it is assumed that parotidectomy is 
not more complicated than neck dissection alone in 
terms of overall operative risk, then it follows that 
most surgery performed for head and neck cutane-
ous malignancy is indeed on the more “minor” end 
of the head and neck surgery spectrum in terms of 
overall operative risk and complications. This study 
noted that both in-hospital mortality and postsurgi-
cal complications were significantly associated with 
major ablative procedures and with cases requiring 
major flap reconstruction (both regional and free tis-
sue transfer) in this elderly study group. This does 
not appear to be the case with more “minor” ablative 
surgery, such as neck dissection or parotidectomy, 
let alone SLNB and wide local excision. Thus there 
does not appear to be a robust reason to recommend 
against “minor” ablative surgery in the elderly based 
on procedure alone. That said, frail elderly status was 
associated with in-hospital death and acute postop-
erative medical complications; as always, functional 
age and comorbidity remain important consider-
ations in assessing surgical risk.9,10

Generally speaking, it is recommended that 
healthy older patients with little to no comorbidity 
be treated no differently than younger patients who 
present with the same clinical stage and prognosis, 
because the literature does not support that age alone 
impacts outcome. For frail elderly patients however, 
standard of care treatment recommendations may 
bring risks that are not in line with the patient and 
family’s goals for treatment and quality of life. The 
literature cited earlier, while not specifically study-
ing advanced cutaneous malignancies, gives surgeons 
a rough framework to begin the discussion of risks 
of perioperative death, acute medical complications, 
and need for advanced aftercare that many elderly 
patients are concerned about as they consider sur-
gery for their advanced cutaneous malignancy. A 
frank discussion of prognosis, with respect to both 
the malignancy and any comorbidity, is imperative. 
Geriatric medicine consultation can be invaluable to 
help assess for coexisting geriatric syndromes and 
assist with advising the patient and family in decision 
making. A more palliative approach to treatment may 
be very appropriate in some frail elderly patients, 
but these alternative treatment strategies are best 
developed under the auspices of a multidisciplinary 
cutaneous malignancy team, which includes derma-
tologists, head and neck surgical oncologists, radia-
tion oncologists, and medical oncologists.

wheelchair-bound following a cerebral vascular 
accident. There are several tools for assessing sur-
gical risk reasonably well in geriatric patients, and 
these would also apply to surgical risk for cutaneous 
malignancy: activities of daily living, instrumental 
activities of daily living, gait speed, exercise toler-
ance, frailty, and the comprehensive geriatric assess-
ment. With respect to the specific risk advanced age 
poses to the surgical care of patients with advanced 
cutaneous malignancy, it is possible to draw some 
conclusions and make recommendations based on 
recent investigations for head and neck surgical care 
in the elderly.

Genther and Gourin recently investigated the 
outcomes of major head and neck surgery in the 
elderly, particularly with respect to the effect of 
comorbidity.7 Their retrospective analysis of a large 
sample of elderly head and neck cancer patients in 
the Nationwide Inpatient Sample sought to evaluate 
the impact of frailty in the surgical care of this group 
of patients. They accurately point out that age alone 
is not a good marker for health status and therefore 
sought to investigate the impact of “frail elderly” sta-
tus on both short-term outcomes and cost of health 
care. Frail elderly is defined by the U.S. Census Bureau 
as “people 65 years or older with significant physi-
cal and cognitive health problems.”8 Genther and 
Gourin adapted this to be defined as patients 65 or 
older with a comorbidity score of 2 or higher using 
the Romano adaptation of the Charlson comorbidity 
index. In their sample of 61,740 patients, patients 80 
years and older were more likely to have advanced 
comorbidity (most commonly cardiovascular and 
chronic pulmonary diseases); however, postsurgical 
complications did not differ significantly by comor-
bidity score and were reported at an overall rate of 
11%. This includes no significant difference in wound 
complications or postoperative infections based 
on comorbid status alone. Frail elderly patients are 
indeed at an increased risk of acute medical compli-
cations as evidenced by the finding that these occur 
in only 18% of elderly patients without comorbid-
ity, in 32% of patients with a comorbid score of 1, in 
49% of those with a score of 2, and in 63% of those 
with a score of 3 or more (p < 0.01). Frail elderly 
patients were noted to be at significantly greater risk 
of acute cardiac and pulmonary events, acute renal 
failure, stroke, sepsis, pneumonia, and urinary tract 
infection. On multiple logistic regression analyses, 
risk of in-hospital death was associated with both 
age over 75 years and frail elderly status, as well as 
weight loss, major ablative procedures, and the use 
of pedicled or free flap reconstruction. Interestingly 
postoperative surgical complications were not asso-
ciated with frail elderly status, although acute medi-
cal complications were. Finally, frail elderly status 
was significantly associated with greater length of 
stay (LOS) and increased hospital-related costs and 
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 ■  Postoperative Care and  
Other Considerations

As with the preoperative management of elderly 
advanced cutaneous malignancy patients, postopera-
tive care must look beyond simple wound issues. The 
stress of surgery may unveil previously well-com-
pensated issues, be they hearing loss, early dementia, 
or depression. Awareness of well-described geriatric 
syndromes (see Chapter 3) assists in safely manag-
ing patients through the perioperative period. Early 
consultation of geriatric medicine provides for effec-
tive multidisciplinary care. Occupational therapy 
and physical therapy are also excellent resources for 
patients who may experience temporary or perma-
nent disability in the aftermath of their surgery.

Finally, thoughtful postoperative consideration of 
reconstruction and donor site choices in this patient 
population is very important. No two older patients 
will be quite alike; thus attention to the details of 
their overall functional status is critical to their qual-
ity of life and safety. For example, older patients 
tend to require glasses. Most of us would be unable 
to complete simple activities of daily living without 
being able to see, but in the elderly, this can be a 
safety issue as well. A patient who has had a parame-
dian forehead flap for nasal reconstruction may ulti-
mately be pleased with her cosmetic result but will 
suffer if she cannot put on glasses for the weeks dur-
ing which inosculation is taking place. The patient 
who requires a partial auriculectomy might have a 
similar issue not being able to wear a long-standing 
hearing aid while bolster dressings are in place and 
wound healing is ongoing. Optometrists and audi-
ologists can offer adjustments to help patients get 
through the perioperative period of time safely and 
mitigate impact on quality of life.

 ■ Disease-Specific Considerations
With the risk of cutaneous malignancy increasing 
with advancing age, a general review of diagnosis, 
staging, and treatment recommendations is helpful 
when approaching any patient with these cancers. 
There are many types of cutaneous malignancy; this 
chapter focuses on BCC, SCC, Merkel cell carcinoma, 
and melanoma.

Nonmelanoma Skin Cancer (NMSC)

Nonmelanoma skin cancer (NMSC) is the most com-
mon cancer in the United States, accounting for 
more malignancies than all other cancers combined. 
In 2006, ~ 2.1 million people were diagnosed with 
NMSC, compared with 1.4 million people with all 

 ■ Operative Considerations
Although the various operative procedures for 
advanced cutaneous malignancy are not necessarily 
technically different when performed in the elderly, 
the operative management of these diseases is par-
ticularly well suited to the older patient. BCC and SCC 
are easily resected under local anesthesia as an office 
procedure in many cases. Mohs micrographic sur-
gery is a well-established, safe operative technique 
for these malignancies as well. Although the derma-
tology literature is similar to the head and neck liter-
ature in its lack of prospective assessment of elderly 
patients, there are some early efforts to establish 
safety in Mohs for older patients.11,12 In many cases, 
wide local excision with margin analysis is all that 
is needed for treatment and, with same-day or 
staged reconstruction, can be performed under local 
anesthesia with or without conscious sedation, and 
entirely on an outpatient basis.

For the patients with melanoma and MCC, SLNB 
at the time of wide local excision may be indicated to 
assess for early regional metastases. Again, this is in 
many ways a procedure ideally suited to the elderly 
patient because it requires only a brief general anes-
thetic event and is routinely performed on an out-
patient basis. The primary defect is reconstructed 
secondarily once final margins are cleared, and this 
can often be performed under local anesthesia, with 
or without sedation, as an outpatient, or at the time 
of completion lymphadenectomy should the sentinel 
node(s) be positive for metastasis.

If a patient requires parotidectomy and/or neck 
dissection for known regional metastasis, this is of 
course performed under general anesthesia and 
most often involves a short inpatient or observation 
stay. Working efficiently to minimize general anes-
thesia time is important in reducing operative risk, 
particularly in frail elderly patients.

Occasionally, patients with advanced cutane-
ous malignancy will require major head and neck 
reconstruction to address their ablative defect; in 
many institutions these are addressed with micro-
vascular free tissue transfer. The literature for both 
ablative and free tissue transfer surgery in the 
elderly cutaneous malignancy patient is limited. 
The few cohort studies of free tissue use in elderly 
head and neck mucosal surgery patients are limited 
by low patient numbers and retrospective design, 
and only conclude that elderly patients are at 
higher risk for postoperative morbidity and require 
a thorough preoperative work up of any comorbid 
conditions.13 The need for free tissue transplant 
indicates an advanced primary malignancy requir-
ing a lengthy surgical procedure. Involving geriatric 
medicine consultants in these cases is important in 
optimizing medical comorbidities prior to a major 
surgical event.
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The most common form of BCC is nodular, which 
accounts for over 75% of all cases. These classic lesions 
present as a pearly papule or nodule with overlying 
telangiectasia and a rolled border with or without 
central crusting or ulceration. Superficial BCC is the 
second most common type, but it is usually seen on 
the trunk and extremities. The morpheaform type is 
rare, but almost all cases are found in the head and 
neck. It is characterized by invasion deeper into the 
dermis and is more aggressive than the nodular and 
superficial types. Other rare types include micronod-
ular, infiltrative, and basosquamous, all of which are 
more aggressive variants associated with higher 
rates of local recurrence.

The American Joint Committee on Cancer (AJCC) 
staging of BCC is the same as for NMSC and is reviewed 
in Tables 20.1 and 20.2.17 The National Comprehen-
sive Cancer Network (NCCN) stratified BCC into low-
risk and high-risk groups based on their possibility 
for local recurrence—these risk factors are reviewed 
in Table 20.3.18 The risk of regional metastasis is 
quite low, ranging from 0.0028 to 0.55%.19

other cancer types. Despite the high incidence of 
NMSC, these cancers are responsible for less than 
0.1% of all cancer deaths.14,15

Basal Cell Carcinoma (BCC)

Basal cell carcinoma (BCC) is the most common cuta-
neous malignancy, accounting for ~ 80% of NMSCs. 
These lesions are of particular importance to the 
otolaryngologist because 80% of all BCC occurs in 
the sun-exposed head and neck region.16 The most 
important risk factor associated with the develop-
ment of BCC is sun exposure in fair-skinned patients. 
In contrast to squamous cell carcinoma, which is 
related to cumulative sun exposure, basal cell carci-
noma is more strongly related to intense intermit-
tent UV exposure during childhood and adolescence. 
Other known risk factors include male gender, red or 
blond hair, light eye color, and immunosuppression. 
A personal history of BCC increases the risk of devel-
oping another BCC by a factor of 10.17

Table 20.1 TNM classification of non-eyelid nonmelanoma skin cancer

Tumor classification (T) Characteristics

T1 ≤ 2 cm and < 2 high-risk features

T2 > 2 cm or ≥ 2 high-risk features

T3 Invasion of maxilla, mandible, orbit, or temporal bone

T4 Invasion of skeleton or perineural invasion of skull base

Nodal classification (N0)

N0 No lymph node metastases

N1 Metastasis to single ipsilateral node ≤ 3 cm in greatest dimension

N2a Metastasis to a single ipsilateral node, 3–6 cm in greatest dimension

N2b Metastasis to multiple ipsilateral nodes, ≤ 6 cm in greatest dimension

N2c Metastasis to bilateral or contralateral nodes, ≤ 6 cm in greatest dimension

N3 Metastasis to a lymph node > 6 cm in greatest dimension

Metastasis classification (M)

M0 No distant metastases

M1 Distant metastases

Used with permission from Edge SE, Byrd DR, Compton CC, et al, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer; 
2010.
Note: High risk features include > 2 mm thickness, Clark level ≥ IV, perineural invasion, primary site on the ear, primary site on non-
hair-bearing lip, and poorly differentiated or undifferentiated.
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that are not amenable to curettage and electrodis-
section. Low-risk BCC should be excised with 4 mm 
margins. High-risk BCC may be treated with excision 
with wider margins and comprehensive intraopera-
tive margin control. Mohs surgery remains the pre-
ferred treatment of high-risk BCC, because it allows 
intraoperative assessment of all margins and a 
5-year disease-free survival rate of 99%. As is the case 
with all of the cutaneous malignancies discussed in 

Early and small tumors may be treated with 
simple excision or curettage and electrodissection. 
Because it is a common, slow-growing malignancy, 
the majority of BCC is treated by family physicians 
and dermatologists. However, locally aggressive 
tumors that are in proximity to functionally impor-
tant and cosmetically sensitive anatomical structures 
are frequently referred to otolaryngologists. Surgical 
resection is the mainstay of treatment for lesions 

Table 20.2 Anatomical stage and prognostic groups of non-eyelid nonmelanoma skin cancer

Pathological stage Tumor classification Nodal classification Metastasis classification

I T1 N0 M0

II T2 N0 M0

III T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

IV T1
T2
T3
Any T
T4
Any T

N2
N2
N2
N3
Any N
Any N

M0
M0
M0
M0
M0
M1

Used with permission from Edge SE, Byrd DR, Compton CC, et al, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer; 2010.

Table 20.3 Risk factors for recurrence of basal cell carcinoma

H&P Low risk High risk

Location/size Area L < 20 mm
Area M < 10 mm
Area H < 6 mm1

Area L ≥ 20 mm
Area M ≥ 10 mm
Area H ≥ 6 mm1

Borders Well defined Poorly defined

Primary versus recurrent Primary Recurrent

Immunosuppression No Yes

Site of prior radiation therapy No Yes

Pathology

Subtype Nodular,2 superficial Agressive growth pattern3

Perineural invasion No Yes

Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Basal Cell Skin Cancer 
V.1.2015.  © 2015 National Comprehensive Cancer Network, Inc.  All rights reserved.  The NCCN Guidelines® and illustrations herein 
may not be reproduced in any form for any purpose without the express written permission of the NCCN.  To view the most recent 
and complete version of the NCCN Guidelines, go online to NCCN.org.  NATIONAL COMPREHENSIVE CANCER NETWORK®, NCCN®, 
NCCN GUIDELINES®, and all other NCCN Content are trademarks owned by the National Comprehensive Cancer Network, Inc.
Area L: trunk and extremities (excluding pretibia, hands, feet, nail units, and ankles).
Area M: cheeks, forehead, scalp, neck, and pretibia.
Area H: “mask areas” of face (central face, eyelid, eyebrow, periorbital, nose, lips [cutaneous and vermilion], chin, mandible, preau-
ricular and postauricular skin/sulci, temple, and ear, genitalia, hands, and feet).
1Location independent of size may constitute high risk in certain clinical settings.
2 Low risk histologic subtypes include nodular, superficial and other non-aggressive growth patterns such as keratotic, infundibulocys-
tic, and fibroepithelioma of Pinkus.

3 Having morpheaform, basosquamous (metatypical), sclerosing, mixed infiltrative, or micronodular features in any portion of the tumor.
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SCC and portends more aggressive behavior of the 
cancer with increased rates of recurrence and metas-
tasis.23 Human papilloma virus (HPV) has also been 
associated with the development of SCC, particularly 
in immunosuppressed populations.

Clinically, SCC typically presents as an ulcerated, 
crusting lesion, often with a surrounding area of 
raised induration (Fig. 20.1). Staging of SCC is iden-
tical to that of BCC and is reviewed in Tables 20.1 
and 20.2. SCC has a higher risk of both regional and 
distant metastasis compared with BCC, with a 10% 
occult metastasis rate24; nonetheless over 95% of 
nonmelanoma cutaneous malignancy will present 
as local disease only. The National Comprehensive 
Cancer Network (NCCN) has sought to define risk 
factors for aggressive behavior in SCC to help guide 
management. Most SCCs are low-risk and are diag-
nosed and treated at an early stage and under the 
auspices of dermatologists. Treatment of low-risk 
lesions would include definitive wide local excision, 
as well as judicious use of cryotherapy, electrother-
apy, or photodynamic therapy in patients with early 
or in situ disease. High-risk SCC in the head and 
neck includes tumors that are 1 cm or larger on the 
cheeks, forehead, scalp, and neck, and tumors that 
are 6 mm or larger on the mask areas of the face, 
the chin/jawline region, and the periauricular region 
(Fig. 20.2). High-risk SCC parameters recognized 
by the NCCN also include the following: recurrent 
tumors; those with diffuse, poorly defined clini-
cal borders; immunosuppression; previous radia-
tion; rapid tumor growth; neurological symptoms 
or pathological perineural or perivascular invasion; 
and depth of tumor ≥ 2 mm. Poorly differentiated 
tumors and those of the adenoid, adenosquamous, 

this chapter, surgical margins should be discussed, 
because individual patient preferences may guide the 
treatment goals. In some cases, patients will accept 
closer margins to preserve function or cosmesis. In 
other cases, patients will decline surgery altogether 
and opt for radiation or targeted agents. Radiation 
therapy is usually reserved for patients with uncon-
trollable margins or for those who are poor surgical 
candidates.18

Patients with metastatic, multiply recurrent, or 
locally advanced BCCs now have another potential 
treatment modality in the form of a drug called vis-
modegib. Almost all BCCs have a loss of inhibition 
of the smoothened homologue (SMO) protein in the 
hedgehog signaling pathway, leading to uncontrolled 
proliferation of basal cells. Vismodegib is a novel tar-
geted agent inhibitor of SMO that recently obtained 
Food and Drug Administration (FDA) approval based 
on the results of a phase 2 trial in patients with 
advanced BCC who had been previously treated with 
surgery, radiotherapy, and/or other systemic thera-
pies. The metastatic disease response rate was 30%, 
and the locally advanced disease response rate was 
43%. Both groups responded for a mean duration of 
7.6 months, and 21% had complete responses. This 
hedgehog pathway inhibitor has been studied only 
in advanced, recurrent, and metastatic disease, and 
further study will elucidate its role, if any, in less 
advanced BCCs.20

Squamous Cell Carcinoma (SCC)

SCC is less common than BCC, representing ~ 10% of 
cutaneous malignancies. The risk of SCC is related 
to chronic, cumulative UV radiation exposure and 
is more commonly found in patients of northern 
European descent with fair skin (Fitzpatrick 1 and 
2 skin types), light eye color, and a history of mul-
tiple sunburns.21 SCC incidence is increased in sunny 
climates close to the equator, and increased risk of 
SCC is noted in the elderly, in those with a history 
of previous cutaneous malignancy or premalignant 
lesion, and in male patients. Risk of SCC is also higher 
in patients with a history of previous radiation treat-
ment or occupational radiation exposure22; elderly 
patients may have a history of radiation treatment 
to the skin for treatment of acne because this was 
a common approach to acne treatment between 
1920 and 1960. Arsenic exposure is associated with 
an increased risk of both SCC and BCC; although not 
commonly seen as an etiologic agent, some geriatric 
patients may have been exposed to Fowler’s solution 
(potassium arsenic) in their youth, because this was 
a popular general tonic through the 1930s. SCC may 
also arise in the context of previous trauma, particu-
larly burns and scars (e.g., Marjolin ulcer). Immuno-
suppression is widely recognized as a risk factor for 

Fig. 20.1 Classic presentation of a squamous cell carcinoma 
of the scalp in an elderly, fair-skinned man. (Photo courtesy of 
Dr. Karen Kost.)
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with high rates of local recurrence (25–30%), regional 
metastasis (52–59%), and distant metastasis (34–
36%); its mortality rate surpasses that of melanoma, 
with 5 year overall survival rates between 30 and 
64%.30 Risk factors for MCC include fair skin types, age 
65 years or older, and a history of extensive sun expo-
sure. As with other cutaneous malignancies, MCC is 
more likely to occur in immunosuppressed patients, 
for example, those with allogeneic organ transplants, 
human immunodeficiency virus (HIV) infection, 
or lymphoproliferative disease. MCC appears to be 
related to infection by a polyomavirus, since named 
Merkel cell polyomavirus (MCV). MCV is ubiquitous, 
even a part of normal flora for humans, and infection 
is both common and typically asymptomatic. MCV 
infection typically occurs in childhood and results in 
viral integration into the host genome with subse-
quent quiescent chronic infection. Although still an 
area of active investigation, it is hypothesized that 
failure of cellular immune surveillance is responsi-
ble for tumor development; host immunity may be 
compromised by immunosuppressive therapy, HIV 
infection, lymphoproliferative disease, or possibly by 
aging itself; hence the association of MCC with these 
patient populations.31

MCC most commonly presents as a painless, 
indurated, pink to bluish-red colored intracutaneous 
nodule. Patients often describe it as initially looking 
like a blemish, but one that undergoes rapid growth. 
Over a third of MCC occurs on the face, scalp, or neck, 
making the head and neck the most common body 
region for MCC (36%), followed by upper limbs and 
shoulders (22%).32 MCC is diagnosed by biopsy of 
the primary lesion, and immunohistochemistry is 
needed to differentiate this malignancy from other 
“small blue tumors”; MCC stains positive for cyto-
keratin 20 and thyroid transcription factor-1, and 
negative for S100, high molecular weight cytokera-
tins, and leukocyte common antigens, which helps 
differentiate it from metastatic small cell lung can-
cer.33–35 Assessment of the patient for regional metas-
tasis should be performed clinically; palpable lymph 
nodes may indicate nodal metastasis, whereas a clin-
ically negative neck indicates that the patient may be 
eligible for SLNB for further staging.

MCC is such an uncommon malignancy that 
there is a paucity of prospective clinical trials to 
guide the development of guidelines for evalua-
tion and treatment. The NCCN recently updated its 
guidelines based on available lower-level evidence, 
and its consensus is that overall, tumor stage and 
primary tumor size > 2 cm appear to portend a poor 
prognosis.30 The AJCC staging for MCC is provided 
in Table 20.4.17Generally speaking the NCCN guide-
lines advocate for MCC patients to be evaluated and 
treated by a multidisciplinary cutaneous malig-
nancy group given the rarity and complexity of 
this disease.30,36 Surgery remains the cornerstone of 

and desmoplastic subtypes are also considered as 
potentially more aggressive.23,25

Treatment of high-risk SCC is primarily surgical. 
The primary lesion may be addressed with either 
Mohs surgery or wide local excision with intra-
operative margin assessment. Concern for neck or 
parotid lymph node involvement on exam should 
prompt fine needle biopsy of the node(s); lymphad-
enectomy, including parotidectomy if appropriate, is 
recommended for regional metastasis. Interestingly, 
parotid lymph node metastasis portends a poor 
prognosis.26,27 The use of SLNB in cutaneous SCC is an 
area of active investigation, and SLNB does appear to 
be a reliable method for staging early regional metas-
tasis in SCC.28,29 Adjuvant radiation is recommended 
for tumors with perineural invasion, close or posi-
tive tumor margins, and positive metastatic lymph 
nodes, particularly with evidence of extracapsular 
spread (ECS). Recommendations for chemoradiation 
(typically platinum based) are based on data from 
head and neck mucosal SCC; chemoradiation is rec-
ommended for cases with ECS and microscopically 
involved primary tumor margins.23

Merkel Cell Carcinoma (MCC)

While a relatively rare malignancy, MCC deserves 
special mention because it is primarily a disease of 
the elderly. It is an aggressive neuroendocrine tumor 

Fig. 20.2 Large squamous cell carcinoma of the left temple 
and upper eyelid. This is a high-risk lesion given its location and 
large size. (Photo courtesy of Dr. Karen Kost.)
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considered for small primary lesions without lym-
phovascular invasion or nodal disease, adjuvant 
radiation should be considered in those cases with 
tumors ≥ 2 cm, perineural or lymphovascular spread, 
and nodal metastasis. It is also recommended for 
immunosuppressed patients and may be substituted 
for lymphadenectomy in patients who are high-risk 
surgical candidates.30

Melanoma

Melanoma is one of the fastest-growing cancers in 
the United States, with the incidence rising 5% per 
year over the past 2 decades. In 2007, the lifetime 
risk of developing a cutaneous melanoma was 1 in 
52, compared with 1 in 1,500 in 1935. Melanoma is 
most commonly a malignancy found in adults and 
the elderly, with a median age of diagnosis at 63 years 

MCC treatment. Wide local excision of the primary 
cancer with 1 to 2 cm margins, coupled with SLNB 
for the clinically N0 neck is the standard primary 
approach; if the neck is clinically suspicious, needle 
biopsy should be performed, and plans for appro-
priate lymphadenectomy made should the needle 
biopsy be positive for metastatic MCC. Small postre-
section defects may be closed primarily; however, 
large primary defect reconstruction should be 
delayed if adjacent tissue rearrangement, extensive 
skin grafting, or free tissue transfer is expected to 
be required.

There is increasing evidence that adjuvant radia-
tion may be beneficial in both locoregional control 
and overall survival.37–39 There is significant hetero-
geneity in the design and patient populations of this 
limited literature; therefore the NCCN recommends 
a broad approach to adjuvant radiation in this rare, 
aggressive disease. Although observation may be 

Table 20.4 TNM Staging of Merkel cell carcinoma

Tumor classification (T) Characteristics

T1 ≤ 2 cm

T2 > 2 cm and ≤ 5 cm

T3 > 5 cm

T4 Primary tumor invades bone, muscle, fascia, or cartilage

Nodal classification (N0)

N0 No lymph node metastases

N1 Metastasis in regional lymph node(s)

N1a Micrometastasisa

N1b Macrometastasisb

N2 In transit metastasisc

Metastasis classification (M)

M0 No distant metastases

M1a Metastasis to skin, subcutaneous tissues or distant lymph nodes

M1b Metastasis to lung

M1c Metastasis to all other visceral sites

Used with permission from Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer, 2010.
a Micrometastases are diagnosed after sentinel or elective lymphadenectomy.
b Macrometastases are clinically detectable nodal metastases verified by therapeutic lymphadenectomy or needle biopsy.
c  In transit metastasis is tumor distinct from primary and located either between primary lesion and draining regional lymph nodes or 
distal to the primary lesion.
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a high rate of local recurrence, and many patients 
undergo adjuvant radiation therapy after surgery. 
Other less common melanoma subtypes include 
acral lentiginous, malignant blue nevus, and muco-
sal melanoma. Of note, up to 50% of mucosal mela-
nomas occur in the head and neck, and this subtype 
is very aggressive, with 5-year survival rates ranging 
between 10 and 30%.

old for men and 56 years old for women.40 The early 
detection of thin melanomas prior to the develop-
ment of metastatic disease is paramount. The 5-year 
survival rates for individuals with localized, regional, 
and distant stage disease are 98.2%, 61.7%, and 15.2%, 
respectively.41

As previously discussed, the most important envi-
ronmental risk factor is sun exposure, which varies 
depending on geographic latitude, occupation, out-
door leisure activities, and tanning. Other factors that 
contribute to the risk of melanoma include increas-
ing age, male gender, fair skin, immunosuppression, 
and the presence of > 20 pigmented nevi. Men are 1.5 
times more likely to develop melanoma,40 and older 
men are at a particularly increased risk of developing 
melanomas that are ≥ 3 mm in thickness or of the 
nodular subtype.42 Dysplastic nevi are not considered 
a precursor lesion—the annual risk for a dysplastic 
nevus to transform into melanoma is < 1 in 30,000 
moles. However, dysplastic nevi are a marker for 
patients who are at increased risk of developing mel-
anoma. Indeed, patients with one dysplastic nevus 
are 1.6 times more likely to develop melanoma, and 
patients with five or more dysplastic nevi are 10.5 
times more likely to develop melanoma.43

In the geriatric population, it is not uncommon 
for patients to develop multiple cutaneous malignan-
cies. In patients who have a personal history of NMSC, 
the relative risk of developing a melanoma is 4.28.44 
In patients with a personal history of melanoma, 
11% will develop a second primary tumor within 5 
years.45 Patients with a family history of melanoma 
are 1.74 times more likely to develop a melanoma 
than the general population44; familial atypical mul-
tiple moles and melanoma (FAMMM) syndrome is an 
autosomal dominant disorder caused by a mutation 
of the INK4a antioncogene that encodes p16 on the 
9p21 chromosome.46

There are multiple types of melanoma, of which 
the most common subtype is superficial spreading 
melanoma (Fig. 20.3). Superficial spreading mela-
noma is characterized by a radial growth phase fol-
lowed by a vertical growth phase. In comparison, 
nodular melanoma is characterized by a rapid ver-
tically invasive growth phase that leads to thicker 
lesions with a worse prognosis (Fig. 20.4). There are 
two subtypes that appear to have a particular pro-
pensity to occur in the elderly population—lentigo 
maligna melanoma and desmoplastic melanoma. 
Lentigo maligna melanoma is an invasive, slow- 
growing subtype with a relatively favorable prog-
nosis that arises from the lentigo maligna precur-
sor lesions. Desmoplastic melanoma is an aggressive 
subtype that frequently presents as an amelanotic 
lesion with a tumor thickness of ≥ 2 mm and has a 
propensity to have perineural invasion. Because des-
moplastic melanoma tends to present with a more 
advanced stage and perineural invasion, there is 

Fig. 20.3 Classic appearance of a scalp melanoma; note the 
presence of satellite lesions. (Photo courtesy of Dr. Karen Kost.)

Fig. 20.4 Nodular melanoma. (Photo courtesy of Dr. Karen 
Kost.)
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factor when both mitotic rate and ulceration were 
taken into account.47

The treatment of melanoma is generally surgi-
cal, consisting of complete excision of the primary 
tumor with adequate margins, followed by adjuvant 
therapy based on the stage of disease. Based on the 
NCCN guidelines, recommended surgical margins for 
wide local excision are 0.5 to 1 cm for melanoma in 
situ, 1 cm for T1 tumors, 1 to 2 cm for T2 tumors, 
and 2 cm for T3 and T4 tumors.48 A 1 to 2 cm margin 
in the complex head and neck region can result in 

Staging of melanoma is based on the 2010 AJCC 
staging system; a summary of the staging system can 
be viewed in Tables 20.5 and 20.6. The factors of the 
primary tumor that most affect survival are tumor 
thickness, ulceration, and mitotic rate. The 10-year 
survival rate is 92% for patients with T1 lesions (≤ 1 
mm thickness), 80% for T2 lesions (1.01–2 mm), 63% 
for T3 lesions (2.01–4 mm), and 50% for T4 lesions  
(> 4 mm). Mitotic rate was introduced into the newest 
staging system, replacing the Clark level of invasion, 
which was not a statistically significant prognostic 

Table 20.5 TNM staging of melanoma

Tumor classification (T) Thickness (mm) Ulceration/mitoses

T1 ≤ 1 a: without ulceration AND mitosis < 1/mm2

b: with ulceration OR mitosis ≥ 1/mm2

T2 1.01–2 a: without ulceration
b: with ulceration

T3 2.01–4 a: without ulceration
b: with ulceration

T4 > 4 a: without ulceration
b: with ulceration

Nodal classification (N) Number of metastatic nodes Nodal metastatic burden

N0 0 N/A

N1 1 a: micrometastasis
b: macrometastasis

N2 2–3 a: micrometastasis
b: macrometastasis
c: in transit metastases/satellites without 
metastatic nodes

N3 4+ metastatic nodes, or matted nodes, 
or in transit metastases/satellites with 
metastatic nodes

Metastasis classification (M) Site Serum LDH

M0 No distant metastases Not applicable

M1a Distant skin, subcutaneous, or nodal 
metastases

Normal

M1b Lung metastases Normal

M1c All other visceral metastases
Any distant metastasis

Normal
Elevated

Used with permission from Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer, 2010.
Note: Micrometastases are diagnosed after sentinel lymph node biopsy and completion lymphadenectomy (if performed).
Note: Macrometastases are defined as clinically detectable nodal metastases confirmed by therapeutic lymphadenectomy or when 
nodal metastasis exhibits gross extracapsular extension.
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weighs the risks of the procedure. The final report of 
the phase 3 Multicenter Selective Lymphadenectomy 
Trial (MSLT-I) confirmed that SLNB for intermediate- 
thickness melanomas significantly improves 10-year 
disease-free and melanoma-specific survival.50 
Completion lymph node dissection is indicated for 
patients with a positive SLNB.

Adjuvant radiation therapy for primary disease 
is considered for patients with desmoplastic mela-
noma with narrow margins, locally recurrent dis-
ease, or extensive perineural invasion. Radiation 
therapy is also considered for regional disease that 
has gross extracapsular extension, more than one 
node within the parotid gland, more than two nodes 
in the neck, or nodal size ≥ 3 cm. Palliative radiation 
may be considered in unresectable nodal, satellite, or 
in-transit disease.48

Patients with stage III melanoma are at increased 
risk of developing distant metastases. Pegylated 
interferon-a-2b (IFNa2b) administered over a 5-year 
course has been shown to improve relapse-free 
survival from 38.9% to 45.6% in a randomized trial 

a significant functional disability or aesthetic defor-
mity. It is important to discuss the implications of 
adequate surgical margins with elderly patients so 
that patients may provide their input in balancing 
both oncological and functional concerns. Adjuvant 
radiation may improve local control when adequate 
margins are not obtained due to functional concerns.

In patients with clinical evidence of regional 
spread, neck dissection is indicated. Patients with a 
clinically N0 neck have been the subject of contro-
versy over the past few decades, but recent stud-
ies have clarified the treatment recommendations. 
In 2012, the American Society of Clinical Oncology 
and Society of Surgical Oncology released clinical 
practice guidelines on the use of lymphatic map-
ping and SLNB in patients with melanoma.49 Accord-
ing to these guidelines, SLNB is recommended for 
patients with intermediate-thickness melanomas 
(1–4 mm) and thick melanomas (> 4 mm) for staging 
purposes and regional disease control. SLNB may be 
considered in selected patients with thin melanomas  
(< 1 mm) with high-risk features when staging out-

Table 20.6 Anatomical stage and prognostic groups of melanoma

Pathological stage Tumor classification Nodal classification Metastasis classification

IA T1a N0 M0

IB T1b
T2b

N0
N0

M0
M0

IIA T2b
T3a

N0
N0

M0
M0

IIB T3b
T4a

N0
N0

M0
M0

IIC T4b N0 M0

IIIA T1–4a
T1–4a

N1a
N2a

M0
M0

IIIB T1–4b
T1–4b
T1–4a
T1–4a
T1–4a

N1a
N2a
N1b
N2b
N2c

M0
M0
M0
M0
M0

IIIC T1–4b
T1–4b
T1–4b
Any T

N1b
N2b
N2c
N3

M0
M0
M0
M0

IV Any T Any N M1

Used with permission from Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer, 2010.
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As with all malignancies, clinical surveillance is 
necessary after treatment. General recommenda-
tions include skin and regional node examination 
at least yearly for 5 years and annually thereafter. 
Elderly patients who were offered SLNB but declined, 
or those with a positive SLNB who declined comple-
tion neck dissection, may be followed by cervical 
ultrasonography. High-risk patients may require sur-
veillance imaging depending on their stage, but there 
is little reliable data to guide the use of laboratory or 
radiographic testing.48

 ■ Conclusion
Advanced cutaneous malignancies occur most com-
monly in elderly patients. Accordingly, adherence to 
sound geriatric principles of patient management is 
vital to the safe and effective treatment of the older 
patient with advanced skin cancer. Early involvement 
of the patient’s geriatric specialist and/or consulta-
tion of geriatric medicine when needed will greatly 
enhance the care and outcomes for these patients. 
Finally, a patient- and caregiver-centered approach 
to treatment decisions, under the auspices of a mul-
tidisciplinary team, is important to the comprehen-
sive care of these complex patients.

of 1,256 patients with completely resected stage III 
disease.51 IFNa2b therapy has significant toxicity and 
side effects, including fatigue and nausea, which may 
limit its use in the elderly population.

The prognosis of patients with metastatic mela-
noma is dismal, but novel immunotherapy agents 
have shown promising results in recent years. Ipilim-
umab is a monoclonal antibody that stimulates T cells 
to promote antimelanoma immunity, and it was FDA 
approved for the treatment of metastatic melanoma 
in 2011. In two different phase 3 trials, ipilimumab 
lengthened survival from 6.4 to 10.1 months compared 
with treatment with glycoprotein 100 peptide vaccine, 
and it lengthened survival from 9.1 to 11.2 months 
compared with treatment with dacarbazine.52,53

Between 40 and 60% of patients with metastatic 
melanoma have a BRAF mutation in which glutamic 
acid is substituted for valine at codon 600 (V600E), 
which activates signaling of the mitogen-activated 
protein kinase (MAPK) pathway. Vemurafenib, dab-
rafenib, and trametinib are immunotherapy agents 
that inhibit BRAF and are increasingly being used 
in unresectable and metastatic melanoma patients 
with BRAF mutations. In a phase 3 trial comparing 
vemurafenib to dacarbazine, vemurafenib signifi-
cantly improved 6-month overall survival from 64 
to 84%. One important side effect of BRAF inhibitor 
therapy is the development of cutaneous SCC, which 
may occur in up to 18% of patients.54
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 ■  Prevalence of Head and Neck 
Cancer among the Elderly

The definition of elderly continues to evolve as human 
lifespans increase. The National Institute of Aging and 
the National Institutes of Health use three categories 
to define aged patients: 65 to 74 years as young old, 
75 to 84 years as older old, and 85 and over as old-
est old.1 A chronological landmark is considered the 
age of 70, because an increased incidence of age-
related physiological changes becomes present at 
this age, resulting in pharmacokinetic changes that 
may lead to increased treatment-related toxicity.2 
Although aging is associated with a variety of declin-
ing physiological functions, due to the fact that bio-
logical age may differ greatly from chronological age, 
thorough evaluation and risk assessment are needed 
for decision making in the setting of head and neck 
cancers. It is imperative for the treating physicians 
to consider the factors that might affect a patient’s 
ability to withstand cancer treatment. In addition, 
it is important to estimate the life expectancy of a 
patient when treatment strategies are planned. In 
Western societies, age-adjusted life expectancy is  
~ 13.6 years for a 70-year-old man and 16.4 years for 
a 70-year-old woman.2

Head and neck cancers occur within the parana-
sal sinuses, nasal cavity, oral cavity, pharynx, and 
larynx. In 2014, there were an estimated 55,070 new 
cases of head and neck cancers, with 12,000 head 
and neck cancer-related deaths in the United States.3 
Worldwide, head and neck cancer is the sixth most 
common cancer, with roughly 650,000 new cases 
reported annually. Despite the increasing prevalence 
of cancer related to the human papillomavirus, which 
primarily affects younger patients,4,5 head and neck 
cancer remains principally a cancer of an older pop-
ulation. According to the Surveillance, Epidemiology, 
and End Results database, ~ 47% of all patients diag-
nosed with head and neck cancer in the United States 
between 1973 and 2008 were age 65 and older.6 In 

addition, the incidence of newly diagnosed head and 
neck cancer cases among the elderly is expected to 
increase by more than 60% by the year 2030.7

In the realm of head and neck cancer, squamous 
cell carcinoma of the head and neck (SCCHN) is the 
most prevalent and challenging malignancy to treat 
and is thus the focus of discussion. The treatment 
for SCCHN has become quite complex, necessitating 
multidisciplinary teams and multimodality ther-
apy. Historically, tumors of the head and neck have 
been treated primarily with open surgery–alone 
approaches. The use of postoperative adjuvant radia-
tion therapy (RT) became common in the 1970s, 
although its introduction in SCCHN began several 
decades earlier. Mounting data subsequently fol-
lowed demonstrating that adjuvant treatment with 
RT improved locoregional control rates, thus improv-
ing overall survival. Further investigations have also 
led to the use of RT alone for the primary treat-
ment of certain early-stage SCCHN with excellent 
outcomes. Along with surgery and RT, a third effi-
cacious modality to treat SCCHN is chemotherapy. 
Investigated most thoroughly in the last decades of 
the 20th century, chemotherapeutic regimens, as a 
neoadjuvant therapy or in combination with RT in 
the postoperative setting, have shown great promise 
as an adjunct therapy in further improving oncologi-
cal outcomes. In the mid to late-1990s, concomi-
tant chemoradiation therapy (CRT) became a viable 
primary treatment option for certain patients with 
advanced-stage SCCHN. Yet, despite the continued 
advances in the therapeutic options available for 
SCCHN patients over the past 20 or more years, over-
all survival (OS), disease-free survival (DFS), func-
tional outcomes, and toxicity profiles from therapy 
have remained relatively poor.8 To date, patients with 
SCCHN continue to have some of the lowest survival 
rates of all major cancer types.

In the era of multimodality therapy, treat-
ment paradigms for older patients with head and 
neck cancer are not well defined. The majority of 
patients with head and neck cancer will present with 
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largely escalations in management by incorporating 
multimodality therapy.21 Furthermore, discussion 
at a multidisciplinary head and neck tumor con-
ference may serve as a forum to mitigate bias that 
continues to surface in the literature regarding the 
elderly patient population with respect to treatment 
stratification.

 ■  Quality of Life Assessment  
and Comorbidities

The challenge in identifying surgical candidacy in 
the elderly population begins with preoperative 
quality of life assessment. Quality of life is a multidi-
mensional concept that includes evaluation of posi-
tive and negative aspects of life.22 Quality of life refers 
to “a patient’s appraisal of and satisfaction with their 
current level of functioning compared with what 
they perceive to be possible or ideal.”23 There is lim-
ited quality of life data available in older head and 
neck cancer patients. The reason for this is unclear; 
however, subjective evaluation using validated qual-
ity of life questionnaires may be especially challeng-
ing in older patients. Treating physicians quite often 
believe that older patients have more side effects and 
toxicities from treatment and have more difficulty 
adjusting to their cancer diagnosis, thus overestimat-
ing the problems faced by their older patients with 
cancers and potentially affecting the aggressiveness 
of care.24

Although preconceived notions regarding the 
disproportionate impact of surgical therapy in the 
elderly persist, several studies have demonstrated no 
differences in posttreatment quality of life between 
older and younger head and neck cancer patients. A 
prospective assessment of surgically treated patients 
with head and neck cancer studied quality of life at 3 
months postoperatively and observed no age-based 
differences.25 An institutional database analysis of 
quality of life in 289 patients with head and neck 
cancer stratified by sex and age determined that, 
although global quality of life assessments are pre-
dicted by age, head and neck–specific metrics are 
not.26 This is supported by a similar analysis using 
head and neck–specific quality of life instruments.27 
These findings were further confirmed in a long-
term prospective observational study demonstrating 
that age did not impact on the quality of life for up to 
6 years after diagnosis.28

Interestingly, younger patients may report worse 
quality of life outcomes after treatment for head and 
neck cancer. In a prospective study comparing qual-
ity of life, 78 older patients and 105 younger patients 
with head and neck cancer undergoing surgery 
were stratified based on baseline changes in physi-
cal function.27 Although older patients had worse 

advanced (stage III and IV) disease requiring multi-
modality therapy.9 Combined surgery, radiation, and 
chemotherapy cause significant acute toxicity and 
long-term morbidity, thus reducing compliance to 
therapy and decreasing quality of life as well as life 
expectancy. These morbidities can be profound in 
older patients, secondary to comorbid medical con-
ditions and impaired functional status. As a result, 
older patients are often considered poor candidates 
for multimodality treatment and are therefore less 
likely to receive standard of care therapy compared 
with younger patients.10,11 This bias against optimal 
treatment in the elderly may jeopardize their chance 
of cure. A retrospective series from Ortholan et al 
noted deviation from institutional protocol for head 
and neck cancer treatment in greater than half of 
older patients.12 Although standardized treatment 
plans should be based on clinical stage and progno-
sis, age-related comorbidities and frailty need to be 
taken into account. Healthy older patients should 
be treated as aggressively as younger patients,13 and 
treatment plans should be adapted in higher-risk 
frail elderly patients to balance the goal of cura-
tive treatment with an increased risk of treatment-
related morbidity and mortality.12

In addition, older patients are often ineligible for 
the large prospective, randomized trials14 on which 
treatment paradigms are based (Table 21.1). For 
example, in a recent meta-analysis of 93 clinical tri-
als, only 692 of 17,346 patients (4%) were ≥ 70 years 
of age.15 Thus the outcomes of these studies may not 
be applicable to older patients. Despite recommen-
dations not to include age limits in large prospective 
trials, many ongoing trials continue to have upper 
age limits in their inclusion criteria.

Limited data suggest that selected older patients 
have survival outcomes similar to younger patients 
when treated primarily with surgery. In particular, 
several retrospective studies have matched older 
patients to a younger cohort and have shown no dif-
ference in survival outcome.16–18 One study matched 
115 patients who were ≥ 70 years of age by tumor 
type and stage to 115 patients < 70 years of age and 
found no difference in 5-year survival rate.16 In addi-
tion, multiple nonmatched retrospective studies 
have shown similar results.19,20

An integral component of treatment planning 
is access to a Head and Neck Tumor Board Confer-
ence. Once a cancer diagnosis is confirmed, optimal 
treatment strategies are designed and individual-
ized during a multidisciplinary tumor board. A mul-
tidisciplinary approach to patients has been shown 
to alter diagnosis, stage, and treatment modalities 
in head and neck cancer patients in nearly a third 
of patients.21 Change in treatment was significantly 
more common in cases of malignancy, occurring 
in 24% of patients versus 6% of benign tumors. Sig-
nificant changes in treatment were also noted to be 
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Table 21.1 Median age in important multimodality randomized trials on head and neck cancer

Trial (see page 245) Randomization Results
No. of 
patients

Median 
age, years 
(range)

Larynx preservation studies

Department of Veterans 
Affairs (VA)1

Definitive sequential 
chemotherapy + radiation 
vs. surgery + postoperative 
radiation

OS: no difference; larynx 
preserved in 64%

322 62 (24–79)

Radiation Therapy Oncology 
Group (RTOG) 91–112

Sequential chemotherapy 
+ radiation vs. concurrent 
chemoradiation vs. radiation 
alone

Larynx preservation; LC: 
better with concurrent 
chemoradiotherapy

547 59 (26–79)

European Organization for 
Research and Treatment of 
Cancer (EORTC) 249543

Sequential chemotherapy 
+ radiation vs. alternating 
chemotherapy and radiation

No differences 450 55 (35–76)

Definitive chemoradiation with standard fractionation studies

Groupe Oncologie 
Radiotherapie Tete Et Cou. 
(GORTEC)4

Radiotherapy with concurrent 
chemotherapy (carboplatin + 
5-FU) vs. radiotherapy alone

OS, DF, and LC were 
all improved with 
chemotherapy

226 55 (32–74)a

Intergroup trial5 Radiation alone vs. radiation 
with bolus cisplatin vs. split 
course RT with bolus cisplatin 
and infusional 5-FU

Did not meet accrual; OS 
was improved with RT and 
bolus cisplatin

295 57 (25–80)a

RTOG 97–036 RT with daily cisplatin and 5-FU 
vs. RT with daily hydroxyurea 
with 5-FU vs. RT with weekly 
cisplatin and paclitaxel

Phase 2: All three regimens 
feasible

241 56 (21–83)

Hellenic Cooperative 
Oncology Group (COG)7

RT alone vs. RT with cisplatin vs. 
RT with carboplatin

OS improved with 
concurrent chemotherapy; 
cisplatin with best median 
OS and TTP

128 57 (31–78)

United Kingdom Head 
and Neck Trialists Group 1 
(UKHAN1) Trial (nonsurgery 
arms)8

RT alone vs. RT with concurrent 
chemotherapy (VBMF or M 
alone) vs. RT with adjuvant 
chemo vs. RT with concurrent 
and adjuvant chemotherapy

Improvement in EFS 
with RT + concurrent 
chemotherapy

713 60 (17–84)

Bonner trial9 RT + concurrent cetuximab vs. 
RT alone

LC and OS improved with 
cetuximab

424 57 (34–83)

Definitive chemoradiation with hyperfractionation studies

Brizel trial10 Hyperfractionated RT alone vs. 
hyperfractionated RT + cisplatin 
and 5-FU

Improvement in LC with 
chemotherapy and trend in 
OS, RFS

122 59a

Jeremic trial11 Hyperfractionated RT alone vs. 
hyperfractionated RT + daily 
cisplatin

OS, LRPDFS, and DMFS 
improvement with 
concurrent chemotherapy

130 61 (39–70)

German trial12 Hyperfractionated RT alone 
vs. hyperfractionated RT + 
carboplatin and 5-FU

1-year survival with 
local control benefit for 
concurrent chemotherapy

263 57 (28–73)

(Continued on page 234)
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Another important preoperative assessment in 
the elderly is a careful evaluation of medical comor-
bidities. One case-control study did not identify sig-
nificant differences in postoperative complications, 
mortality, or recurrence in a diverse population of 
patients with head and neck cancer stratified by the 
age of 70 who were treated surgically.16 Despite data 
suggesting that age itself does not influence out-
comes in head and neck cancer,30 it stands to reason 
that patients with medical comorbidities and poorer 
functional reserve (common issues in older patients 
with SCCHN) would experience more and/or worse 
treatment-related toxicity.

The literature on head and neck cancer surgical 
outcomes stratified by medical comorbidities reveals 
mixed and conflicting conclusions. In one retrospec-
tive evaluation, medical comorbidities, independent of 
age, did independently predict postoperative compli-
cations.31 Another demonstrated an increase in 30 day 
postoperative mortality in older patients (3.5% mortal-
ity) as compared with that in a younger cohort (0.8%).32 

physical functioning prior to treatment, the differ-
ence remained constant throughout treatment, indi-
cating that the older patients did not have a higher 
relative decrease in physical functioning compared 
with younger patients.27 In addition, younger patients 
reported more pain at 6 months than older patients.27 
This difference is not limited to physical perfor-
mance only, given that one retrospective study of 638 
patients demonstrated that patients older than 65 
had better long-term physical and emotional func-
tioning than younger patients following surgery.29 
These findings may suggest that older patients expe-
rience fewer quality-of-life difficulties than their 
younger peers. Alternatively, they may suggest that 
older patients are less likely to report changes in 
quality of life due to differences in perceived expec-
tations. Although the current data suggest that older 
patients do not have worse quality of life following 
treatment, the subjective nature of quality-of-life 
end points makes it difficult for clinicians to interpret 
these data for their individual older patients.

Trial (see page 245) Randomization Results
No. of 
patients

Median 
age, years 
(range)

Swiss trial13 Hyperfractionated RT alone vs. 
hyperfractionated + cisplatin

LC and DFS improved with 
cisplatin; no difference in 
OS or time to failure

224 ~ 55 (33–74)

GORTEC 99–0214 Standard fractionated RT 
+ concurrent carboplatin 
and 5-FU vs. accelerated 
hyperfractionated RT + 
concurrent carboplatin and 
5-FU vs. very accelerated 
hyperfractionated RT alone

Most favorable outcomes 
in conventional 
chemoradiotherapy arm

840 56.6 (34–75)a

Postoperative chemoradiation studies

RTOG 950115 RT alone vs. RT with concurrent 
cisplatin

LC and DFS benefit with 
chemotherapy

459 ~ 56 (24–80)b

EORTC 2293116 RT alone vs. RT with concurrent 
cisplatin

LC, PFS, and OS improved 
with chemotherapy

167 54

French trial17 RT alone vs. RT with concurrent 
carboplatin

No difference 144 55.5a

UKHAN1 trial (surgery arms)8 RT alone vs. RT with concurrent 
VBMF

No difference 253 ~ 58 (32–81)

Abbreviations: DMFS, distant metastases-free survival; ECOG, Eastern Cooperative Oncology Group; EFS, event-free survival; FU, 
fluorouracil; LC, local control; LRPFS, local recurrence progression-free survival; M, methotrexate; OS, overall survival; PFS, pro-
gression-free survival; RFS, recurrence-free survival; RT, radiation therapy; TTP, time to progression; VBMF, vincristine, bleomycin, 
methotrexate, and fluorouracil.
Used with permission from VanderWalde NA, Fleming M, Weiss J, Chera BS. Treatment of older patients with head and neck cancer: a 
review. Oncologist 2013;18(5):568–578.
aMean age.
bTotal of 25 patients who were > 70 years old (5%).

Table 21.1 (Continued) Median age in important multimodality randomized trials on head and neck cancer
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mortality, surgical complications, acute medi-
cal complications, length of stay, and costs that 
included an interaction term between frail elderly 
status and weight loss. The median age in this study 
was 73 years (range, 66–104 years) and did not dif-
fer significantly between groups based on comor-
bidity status; however, patients 80 years of age or 
older were more likely to have advanced comor-
bidity. Cardiovascular diseases and chronic pulmo-
nary disease were the most frequent comorbidities 
and had an increased prevalence in patients with 
advanced comorbidity scores.35

Multinomial regression analysis was performed 
to identify variables associated with frail elderly 
patients, identifying a cohort that was significantly 
more likely to be 75 years of age or older, required 
urgent admission, and had significantly increased 
risks of acute medical complications (Table 21.3). 
Multiple logistic regression analyses of indepen-
dent variables associated with the risk of in-hospital 
death and complications are shown in Table 21.4. 
After controlling for the effects of all variables, sta-
tistically significant independent predictors associ-
ated with the risk of in-hospital death were urgent or 
emergent admission, age 75 years or older, hypopha-
ryngeal primary site disease, procedure, pedicled or 
free flap reconstruction, weight loss, and frail elderly 

However, the authors here concluded that, given the 
relatively low rate of perioperative mortality, age alone 
should not be a contraindication to aggressive sur-
gery. In a large retrospective analysis of 310 patients 
over age 70 with mucosal and salivary head and neck 
cancers, the authors determined that medical comor-
bidities (measured on the Adult Comorbidity Evalua-
tion-27 index, see Appendix) and performance status 
(using the Karnofsky performance scale [Table 21.2]),  
as well as age > 80, all independently predict survival.33 
Finally, another study limited to patients > 80 years of 
age indicated that age did not impact on survival in 
early-stage disease but was a strong predictor of poor 
overall survival (median, 8 months) in patients with 
advanced-stage cancer.34

A new paradigm to emerge in the evaluation 
of candidacy for treatment may be defined not by 
age but by frailty. In a population study of 61,740 
elderly patients,35 frail elderly is defined as 66 years 
of age or older with comorbidity scores of 2 or 
higher and was examined as an independent vari-
able in an analysis that included the previously 
described independent variables as well as acute 
medical complications, surgical complications, dys-
phagia, and weight loss as dependent variables.17 
Frail elderly status was additionally examined as 
an independent variable in analyses of short-term 

Table 21.2 Karnofsky performance scale status definitions rating (%) criteria

Able to carry on normal activity and to work; no 
special care needed

100 Normal to no complaints; no evidence of disease

90 Able to carry on normal activity; minor signs or 
symptoms of disease.

80 Normal activity with efforts; some signs or 
symptoms of disease

Unable to work; able to live at home and care for 
most personal needs; varying amount of assistance 
needed.

70 Cares for self; unable to carry on normal activity or 
to do active work

60 Requires occasional assistance but is able to care 
for most of personal needs

50 Requires considerable assistance and frequent 
medical care

Unable to care for self; requires equivalent of 
institutional or hospital care; diseases may be 
progressing rapidly

40 Disabled; requires special care and assistance

30 Severely disabled; hospital admission is indicated 
although death not imminent

20 Very sick; hospital admission necessary; active 
supportive treatment necessary

10 Moribund; fatal processes progressing rapidly

0 Dead

Used with permission from Oxford Textbook of Palliative Medicine, Oxford University Press; 1993:109.
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 ■  Factors to Consider in Surgical 
Procedures for Elderly

Preoperative Nutrition

Nutrition in the elderly is often impaired without 
the acute or chronic impacts that the presence of a 
head and neck cancer would create. Alterations in 
the senses of smell and taste as well as social isola-
tion often create a relative anorexia with diminished 
caloric intake. This combined with decreased activ-
ity leads to a loss of lean body mass. In the setting 
of SCCHN, the presence of malnutrition plays a vital 
role in wound healing.

status. Postoperative surgical complications were 
significantly associated with urgent or emergent 
admission, major procedure, pedicled or free flap 
reconstruction, and weight loss, but not frail elderly 
status. Finally, acute medical complications were sig-
nificantly associated with frail elderly status, age 75 
years or older, urgent or emergent admission, major 
procedure, flap reconstruction, and weight loss.35 
Although the data presenting are conflicting, the evi-
dence favors a comprehensive treatment approach 
in patients with head and neck cancer, with appro-
priate modifications in those with multiple comor-
bidities, which may assist surgical planning and help 
take preventive measures to minimize potential 
complications.

Table 21.3 Multivariate logistic regression analysis of variables associated with frail elderly status

Variables Relative risk ratio 95% CI p-value

Age 75–79 years 1.29 1.14–1.45 < 0.001

Age ≥ 80 years 1.23 1.08–1.40 0.001

Female sex 0.84 0.75–0.95 0.004

Urgent/emergent admission 1.21 1.06–1.38 0.005

Laryngeal primary tumor 1.47 1.31–1.65 < 0.001

Oropharyngeal primary tumor 1.47 1.31–1.65 < 0.001

Acute cardiac event 4.52 4.00–5.09 < 0.001

Acute pulmonary edema/failure 2.41 1.95–2.98 < 0.001

Acute renal failure 3.39 2.55–4.50 < 0.001

Acute cerebrovascular event 10.49 5.32–20.68 < 0.001

Sepsis 1.95 1.35–2.80 < 0.001

Pneumonia 2.05 1.75–2.42 < 0.001

Urinary tract infection 1.52 1.19–1.95 0.001

Weight loss 1.60 1.31–1.94 < 0.001

Short-term hospital stay 3.68 2.38–5.68 < 0.001

Other facility 2.60 2.24–3.02 < 0.001

Home health care 1.53 1.35–1.73 < 0.001

Abbreviation: CI, confidence interval
Used with permission from Genther DJ, Gourin CG. Effect of comorbidity on short-term outcomes and cost of care after head and 
neck cancer surgery in the elderly. Head Neck 2014.
Note: Procedures were categorized by severity as minor (excision/destruction of lesion, tonsillectomy, and partial glossectomy, with 
or without neck dissection; and neck dissection alone when performed as the index admission procedure) and major (partial or 
total laryngectomy, esophagectomy, total glossectomy, pharyngectomy, mandibulectomy, and maxillectomy, with or without neck 
dissection).
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Table 21.4 Multivariate logistic regression analysis of variables associated with risk of in-hospital death and 
postoperative complications

Variable Odds ratio 95% CI p-value

In-hospital death

Urgent/emergent admission 1.82 1.19–2.79 0.005

Age 75–79 years 1.60 1.01–2.54 0.04

Age ≥ 80 years 2.60 1.79–3.76 < 0.001

Hypopharynx primary site 2.41 1.31–4.44 0.005

Major procedure 1.63 1.03–2.61 0.04

Pedicled or free flap reconstruction 4.26 2.43–7.46 < 0.001

Weight loss 1.64 1.00–2.69 0.047

Frail elderly 3.55 2.57–4.90 < 0.001

Postoperative surgical complications

Urgent/emergent admission 1.30 1.06–1.60 0.01

Major procedure 2.49 2.01–3.08 < 0.001

Pedicled or flap reconstruction 7.32 5.49–9.82 < 0.001

Weight loss 2.00 1.63–2.46 < 0.001

Acute medical complications

Urgent/emergent admission 1.49 1.30–1.70 < 0.001

Age 75–80 years 1.38 1.24–1.55 < 0.001

Age ≥ 80 years 1.76 1.57–1.98 < 0.001

Female sex 0.84 0.75–0.93 0.001

Medicaid 1.85 1.19–2.87 0.006

Major procedure 1.28 1.14–1.43 < 0.001

Pedicled or flap reconstruction 2.09 1.74–2.51 < 0.001

Weight loss 2.92 2.42–3.53 < 0.001

Frail elderly 3.71 3.32–4.14 < 0.001

Abbreviation: CI, confidence interval.
Used with permission from Genther DJ, Gourin CG. Effect of comorbidity on short-term outcomes and cost of care after head and 
neck cancer surgery in the elderly. Head Neck 2014.
Note: Procedures were categorized by severity as minor (excision/destruction of lesion, tonsillectomy, and partial glossectomy, with 
or without neck dissection; and neck dissection alone when performed as the index admission procedure) and major (partial or 
total laryngectomy, esophagectomy, total glossectomy, pharyngectomy, mandibulectomy, and maxillectomy, with or without neck 
dissection).
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The study highlights the value of PG-SGA screen-
ing because it allows assessment of weight loss and 
causes in light of potential upcoming treatments. 
Second, it frames involuntary weight loss in the con-
text of current dietary habits/intake and swallowing 
function. Last, it makes it possible to treat causes of 
NISs, especially pain. This consideration weighs in on 
treatment decision making in our group and likely 
others.

For this reason, another study attempted to gener-
ate a prediction model for percutaneous endoscopic 
gastrostomy (PEG) placement in head and neck can-
cer patients.40 A cohort of 152 patients were analyzed, 
taking into consideration the following parameters: 
age, gender, BMI, staging, size and localization of the 
tumor, or need for a neck dissection. Decisive predic-
tive parameters for needing a PEG included size and 
localization of the tumor in the oral cavity, resection 
of the root of the tongue or the oropharynx region, 
and performance of a neck dissection.40 Specifically, 
T3 and T4 oral cavity tumors necessitate preoperative 
PEG placement. Tumor location in the posterior floor 
of the mouth, root of the tongue, and oropharynx are 
predictive of preoperative PEG placement irrespec-
tive of T stage. This study cohort was taken from 
2005 through 2010, prior to Food and Drug Admin-
istration (FDA) clearance of transoral robotic surgery 
(TORS). TORS data for oropharyngeal SCCHN demon-
strate that PEG may not be necessary in this group. 
Studies in patients undergoing TORS reported 2% and 
0% of patients being gastrostomy tube dependent at 
1 year (in the setting of adjuvant therapy).41,42 Studies 
from three other institutions reported a cumulative 
gastrostomy tube rate of 1.4% (2/139) at the time of 
surgery and 30% (32/107) placed expectantly at the 
time of adjuvant therapy.43–45 Negative margin sur-
gery in the setting of TORS can lead to deintensifica-
tion of the use of radiation and potentially negate the 
need for chemotherapy. At the University of Pennsyl-
vania Cancer Center, some patients, especially those 
with lower risk pharyngeal cancers, are treated with 
postoperative radiation to the neck only to mitigate 
the need for PEG during adjuvant therapy.

Neck Dissection

General considerations in surgical approaches for 
head and neck cancer invariably involve manipula-
tion of the neck. This includes the cervical spine 
and great vessels, in particular the carotid. Although 
there are no practice guidelines for monitoring the 
cervical spine, if, during the workup of an elderly 
head and neck cancer patient, the radiologist has 
expressed concern for stenosis according to the neck 
computed tomographic (CT) scan, a dedicated cervi-
cal spine study is ordered in our practice. In addition, 

Preoperative consideration of how to deliver ade-
quate nutrition must be addressed given that one 
of the three phases of swallowing will be affected 
after surgical intervention. A study evaluating nutri-
tion impact symptoms, defined as key determinants 
of reduced dietary intake, weight loss, and reduced 
functional capacity of patients with head and neck 
cancer before treatment, suggests that symptoms 
before treatment may adversely affect nutritional 
intake, weight/body mass index (BMI), and the 
functional capacity of patients with head and neck 
cancer.36 Diagnosis, management, and treatment of 
symptoms were essential in preventing weight loss. 
To do this, patients must be assessed for nutrition 
impact symptoms (NISs), such as dysphagia, mouth 
sores, xerostomia, dental problems, and difficulty 
chewing. The extent of dysphagia is graded from 0 to 
4, from no dysphagia (grade 0) up to dysphagia for all 
kinds of oral intake including liquids (grade 4).

A patient-generated subjective global assessment 
tool (PG-SGA)37 was used to systematically collect 
information on the NISs of the patients, and linked to 
dietary intake and weight loss. The PG-SGA is a vali-
dated nutritional screening technique for patients 
with cancer, which includes NIS, dietary intake, 
height, weight, weight loss history, and functional 
capacity. A PG-SGA score ≥ 9 indicates a higher nutri-
tional risk, and in this report 31% of patients fell into 
this category.36 This study prospectively assessed 341 
patients from the Canadian health care system and 
found that the presence of anorexia, dysphagia, and 
mouth sores among others were predictors of signifi-
cant weight loss from reduced dietary intake.36 A BMI 
of < 18.5% was associated with a decrease in survival 
(p-value = 0.001). Patients with T1 and T2 tumors 
had fewer NISs than those with T3/T4 tumors.36

Patients in this series in the study by Kubrak 
and colleagues36 were of mean and median age of 
62 with 40% of the patients over the age of 65. The 
most profoundly affected group were those with oral 
and pharyngeal cancers. Of the patients with BMI  
< 18.5, who accounted for 5% of the study population, 
a greater proportion were older than 65 and most 
likely to have oral and pharyngeal cancers. Indeed, 
the patients with these cancers had the most weight 
loss. The survival of patients was worse in univariate 
analysis for PG-SGA > 9. The strongest impact on sur-
vival was BMI ≤ 18.5 and a reduced functional capac-
ity. For example, patients with a BMI of ≤ 18.5 had a 
survival average of 519 days versus 1,263 days for a 
BMI of > 18.5 (p < 0.0001) (Table 21.5). The assess-
ment and management of NISs is not systematized or 
even considered prior to treatment.38,39 A standard-
ized nutrition instrument may provide an opportu-
nity to optimize outcomes in the geriatric patient 
population and optimize functional status during 
and after treatment.
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Table 21.5 Univariate and multivariate survival analysis of patient and nutrition characteristics derived from the 
Patient-Generated Subjective Global Assessment (PG-SGA) for patients with head and neck cancer at presentation

Variablesa

Univariate analysis Multivariate analysis

p value
Hazard ratio  
(CI 95%) p value

Hazard ration  
(CI 95%)

Sex

Male 0.23 1.3 (0.8–2) N/S

Age

≥ 65 years old 0.001 1.8 (1.2–2.7) 0.008 1.7 (1.1–2.5)

Tumor classification (T1/T2)

T3/T4 ≤ 0.001 2.6 (1.8–3.9) 0.001 2 (1.3–3.2)

Treatment category (no treatment)

RT/RT surgery 0.001 0.3 (0.1–0.6) ≤ 0.001 0.2 (0.1–0.5)

ChemoRT/surgerychemoRT 0.01 0.4 (0.2–0.8) 0.005 0.3 (0.1–0.7)

Palliative treatment 0.05 2.2 (0.9–4.3) 0.60 1.2 (0.5–2.8)

Tumor localization (oral cavity)

Salivary gland 0.51 0.6 (0.2–2.1) N/S

Paranasal sinuses 0.21 2.1 (0.5–8.8) N/S

Pharynx 0.27 1.8 (1–2.2) N/S

Larynx 0.14 0.5 (0.2–1.1)

N/SMI category (> 18.5–24.9)

≤ 18.5 ≤ 0.001 4.1 (2.1–8) 0.001 3.1 (1.6–6.1)

≥ 25–29.9 ≤ 0.001 0.1 (0.07–0.3) 0.10 0.6 (0.4–1)

≥ 30 ≤ 0.001 0.8 (0.01–0.3) 0.07 0.6 (0.3–1)

PG-SGA (< 9 Score)

≥ 9 Score ≤ 0.001 2.1 (1.4–3.1) N/S

PG-SGA components (an/ssence)

Grade 1 weight loss 0.007 1.6 (1.1–2.4) N/S

Reduced dietary intake ≤ 0.001 2.3 (1.5–3.7) N/S

Nutrition impact systems

Anorexia 0.02 1.7 (1–2.7) N/S

Nausea 0.94 1 (0.3–2.8) N/S

Constipation 0.15 1.4 (0.8–2.5) N/S

Mouth sores 0.003 1.9 (1.2–2.9) N/S

Dysgeusia 0.71 1.1 (0.6–2.0) N/S

(Continued on page 240)
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with the conventional vertical partial and supraglot-
tic laryngectomies, SCPLs appear to be the conser-
vative laryngeal procedures that most disturb the 
sphincteric function of the larynx. Aging impairs 
oropharyngeal motor command and laryngopharyn-
geal sensitivity,51–53 as well as esophageal motility.54 
Modifications of the pulmonary physiology related 
to aging also greatly increase the risk of atelectasis 
and pneumonia in the postoperative period in this 
group of patients.54

In the setting of potential dysphagia and aspira-
tion, head and neck surgeons must give special con-
sideration to the functional results encountered in 
assessing elderly patients presenting with endolaryn-
geal carcinoma, which is oncologically amenable to 
SCPL. Currently, there is no consensus on the param-
eters defining the ideal elderly patient for SCPL. In one 
series, several variables, including gender, age, medical 
history, tobacco consumption, associated neck dissec-
tion, arytenoid cartilage resection, type of reconstruc-
tion performed, and laryngeal RT were examined, and 
none were found to statistically increase the risk for 
aspiration after SCPL.19 On the other hand, univari-
ate analysis revealed that postoperative aspiration 
was less likely if repositioning of the pyriform sinus 
and inferior constrictor muscles was performed (p = 
0.01).19 This maneuver allows for repositioning of the 
pyriform sinuses laterally to the reconstructed neo-
glottis. Such repositioning may result in better propul-
sion of the bolus at the time of swallowing, therefore 
reducing the risk for postoperative aspiration.

Although current evidence suggests that age by 
itself should not be considered as a deterrent to SCPL, 

intraoperative sensory evoked potentials (SEPs) are 
monitored, particularly when positioning the neck 
in extension. The patients for whom we use this type 
of monitoring note symptoms with extensions dur-
ing assessment at the preoperative history and phys-
ical appointment.

In general, retrospective data suggest that the 
risk of postoperative stroke after neck dissection 
varies from < 1% to 4.8%.46,47 Theoretically, this risk is 
higher in patients with preexisting carotid stenosis 
or atherosclerosis, which is more prevalent in elderly 
patients.48 Moreover, the management of high-grade 
carotid stenosis is complicated by prior oncological 
treatment. Carotid ultrasonography has been advo-
cated as a screening mechanism for patients sched-
uled for neck dissection, although no studies have 
confirmed its role, nor has it become accepted rou-
tine practice.49 Nevertheless, in some cases, elderly 
patients with head and neck cancer may benefit 
from either imaging or subspecialist consultation 
or both before either neck dissection or radiation 
to plan appropriately.50 Indeed, surgeons operating 
on elderly patients should be mindful and cautious 
when positioning the neck and manipulating the 
carotid sheath.

Supracricoid Partial Laryngectomy

Supracricoid partial laryngectomies (SCPLs) result 
in complete and bilateral resection of the paraglottic 
space, including, when required, one arytenoid car-
tilage on the tumor-bearing side. When compared 

Dysphagia 0.001 1.9 (1.3–2.8) N/S

Feeling full 0.031 1.8 (1–3.2) N/S

Pain 0.049 1.4 (1–2.1) N/S

Dental pron/slems 0.14 1.4 (0.8–2.2) N/S

Xerostomia 0.80 1 (0.6–1.8) N/S

Other 0.594 1.1 (0.6–1.8) N/S

Reduced functional capacity ≤ 0.001 2.4 (1.6–3.5) 0.001

Abbreviations: RT, radiotherapy; chemo, chemotherapy; BMI, body mass index; N/S; not significant; PG-SGA, patient generated sub-
jective global assessment.
Used with permission from Kubrak C, Olson K, Jha N, Jensen L, McCargar L, Seikaly H, Baracos V. Nutrition impact symptoms: key 
determinants of reduced dietary intake, weight loss, and reduced functional capacity of patients with head and neck cancer before 
treatment. Head Neck 2010;32(3):290–300.
aReference category in the parentheses.

Table 21.5 (Continued) Univariate and multivariate survival analysis of patient and nutrition characteristics derived from 
the Patient-Generated Subjective Global Assessment (PG-SGA) for patients with head and neck cancer at presentation
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(~ 4 mm in diameter), containing a one-way valve, is 
inserted. When the tracheostoma is finger-occluded, 
this device diverts exhaled air through a one-way 
valve into the neopharynx and mouth, creating a 
gurgling sound, which is then modulated into words. 
With this technique, aspiration is generally not a 
risk, and more air is available to produce a more 
fluent and sustained sound. A further advantage is 
that, when the surgical procedure for the insertion 
of the voice prosthesis is performed at the time of 
the laryngectomy, the patient can be trained to 
speak within a few days, with psychological bene-
fits.57 Disadvantages are that, in most cases, a thumb 
is required to occlude the stoma during speech, and 
the voice prosthesis allows air to flow from the tra-
chea to the esophagus. Frail and elderly patients or 
those with neurological disorders such as Parkinson 
disease do not have the proprioceptive capabilities 
to care for their valve, which needs daily cleaning, or 
to occlude the stoma to speak. In both these groups, 
such a device is not appropriate, and an alternative 
means of communication should be sought.

Free Tissue Transfer

As microsurgical techniques have advanced, free 
tissue transfer has evolved to become the preferred 
modality of reconstruction after head and neck can-
cer ablation.58,59 Previous studies have suggested that 
free tissue transfer can be performed in selected 
patients that are 65 years of age or older.60–65 How-
ever, most studies focus exclusively on the flap sur-
vival, flap-related complications, or comparable 
results to those of younger patients (often < 65 and 
≥ 65 or < 70 and ≥ 70) and demonstrate that there 
is no difference between comorbidity and complica-
tions in both young and elderly head and neck can-
cer patients, suggesting difficulty in predicting the 
postoperative morbidity and mortality in the elderly 
subgroup.60,63,66

It is of paramount importance that we under-
stand the safety and feasibility of complex micro-
surgical reconstruction in this patient population. In 
elderly patients undergoing head and neck surgery, 
potential perioperative complications appear to be 
related to the preoperative comorbidity status.66 The 
American Society of Anesthesiologists (ASA) physical 
status classification (Table 21.6) on the one hand can 
be used for individual estimation for the peri- and 
postoperative risk factors, and on the other hand it 
might correlate with the in-hospital mortality of the 
patients.67 One study focused on free tissue transfer 
outcomes and found that an elderly cohort of over 70 
years of age had a significantly higher ASA score than 
a younger group (age 65–70), which correlated with 
an overall more eventful postoperative course for 
those in the older group that included arrhythmias, 

aspiration remains a risk. Severe aspiration (grade 3) 
was noted in 21.7% of patients in this same study but 
was temporary, given that permanent gastrostomy 
for liquid intake and completion total laryngectomy 
were required in only one patient.19 Another study 
described three elderly patients managed with SCPL-
CHP and found that one patient developed broncho-
pneumonia from aspiration and another required 
completion total laryngectomy.55 This experience 
prompted the authors to state that SCPL-CHP was not 
advisable in patients over the age of 65.55 Late aspira-
tion has been documented in one patient that died of 
aspiration-related complications 3 years after SCPL-
CHP with arytenoid cartilage disarticulation,19 there-
fore suggesting that long-term functional follow-up 
is necessary when SCPLs are performed in elderly 
patients.

Total Laryngectomy

Total laryngectomy, defined by complete removal of 
the laryngeal framework to create a tracheostoma, 
has proven oncological results for the treatment of 
late-stage SCCHN. However, communication after 
total laryngectomy is a critical component of quality 
of life and therefore an important consideration in 
terms of patient selection. Postlaryngectomy com-
munication is undertaken using a team approach 
that relies on a preoperative assessment by a speech-
language pathologist and a comprehensive discus-
sion of available communication options.

There are essentially two types of artificial larynx. 
The pneumatic larynx is activated by respiratory air 
from the tracheostoma via a connection to a tracheal 
cannula. This voice device has the advantage of not 
requiring a battery, and the fact that the pitch varies 
with breath pressure results in fundamental frequen-
cies that are more gender-appropriate. Despite this 
they have not won widespread acceptance, probably 
because patients regard them as cumbersome and 
do not like the plastic or metal tube that serves to 
transmit the sound from the vibrator at the stoma to 
the mouth. The second type of artificial larynx is the 
electrolarynx, a handheld battery-driven device that 
uses a diaphragm, acted on by an electromechanical 
vibrator. When the diaphragm is held tightly against 
the neck, vibrations are transmitted through the 
soft tissue and emerge from the vocal tract, where 
the user modulates them with the mouth to create 
speech.56

Effective postlaryngectomy communication can 
also be restored by surgically creating a tracheo-
esophageal puncture (TEP), or a fistula through the 
tracheoesophageal party wall. This may be per-
formed either primarily during laryngectomy or 
secondarily when the tracheostoma is fully healed. 
Once the fistula has been created, a prosthetic tube 



Geriatric Otolaryngology242

In major head and neck surgery necessitating 
reconstruction, substantial blood loss is possible. 
The extent of blood loss and the subsequent need 
for transfusion depend on the patient’s condition, 
disease stage, tumor size, and complexity of opera-
tive procedures.71,72 Preoperative evaluation includes 
hemoglobin levels, which were found to be within 
normal ranges in both the older (age > 70) and the 
younger (age 65–70) groups.68 On average, however, 
lower levels were seen in the older group. Despite 
no significant difference in intraoperative blood loss 
between these two groups, the need for intraop-
erative blood transfusion of at least 2 units was sig-
nificantly higher in the older group.68 Interestingly, 
blood loss of > 220 mL is a significant predictor for 
postoperative medical complications; thus the sur-
geon should aim to achieve minimal blood loss.

Because free flap reconstruction is an integral 
component of oral cavity, oropharyngeal, and total 
laryngectomy defects, particular understanding of 
potential wound complications is paramount. The 
incidence of wound infection in head and neck can-
cer surgery remains controversial, with reported 
rates ranging from 11 to 47%.73,74 Wound infection 
rates were 40% and 19% for the older (age > 70) and 
younger (age 65–70) groups, respectively (p = 0.003). 
The rate of flap loss (< 1 week postoperatively), 
including partial and total flap loss, was low at 4.1% 
(4/73) for the younger group and 10.6% (10/94) 
for the older group, with no significant difference 
between these two groups.68 The high flap success 
rate of both groups is consistent with those of large 
series from major microsurgical centers, where stud-
ies of flap success rates ranged from 91 to 99%.75,76 
Compared with the previously published literature, 
in which 5 to 25% of transferred flaps require reex-
ploration within the first week postoperatively due 
to circulatory compromise or neck hematoma, the 
reexploration rate is 5.5% in the younger group and 
10.7% in the older group.77 As a matter of fact, there 

bronchopulmonary pneumonia, gastroparesis, and 
delirium.68 In evaluating 13 octogenarians undergo-
ing free flap reconstruction of the head and neck, 
medical complications were fourfold higher when 
compared with a younger cohort (62% vs. 15%).69 The 
authors determined that free flaps were dependable 
in this age group; however, they cautioned against 
their use.69 Complication rates in this cohort were 
then controlled for a higher ASA class in octogenar-
ians, and despite this there remained a statistically 
higher complication rate in elderly patients (67% vs. 
29%).69 When comparing the two elderly subpopula-
tions, patients aged 70 to 79 years versus those 80 
years and older, the overall complication rate (35% 
vs. 59%), medical complication rate (12% vs. 41%), 
and perioperative mortality (8% vs. 18%) were sig-
nificantly higher in the over-80 subset.65 Neverthe-
less, flap success rates remained near identical at 96% 
for those aged 70 to 79 years and 100% for patients 
80 years and older.65 The authors concluded that free 
flap surgery can be performed successfully in well-
selected elderly patients, but with increased medi-
cal complications. In fact, flap success in patients 90 
years and older has been reported for 10 cases.70 Four 
medical complications occurred that included one 
case of pneumonia and three cases of arrhythmia. 
There were no mortalities after 8 months of follow-
up. Two recipient-site complications occurred (one 
infection and one fistula), and the flap failure rate 
was 0%. One late complication developed 7 months 
postoperatively involving infection and nonunion 
of the mandibular reconstruction. The authors con-
clude that medical and flap-related complications in 
patients 90 years and older are consistent with rates 
previously reported in elderly patients and note that 
this population can tolerate free flap reconstruction 
with favorable long-term outcomes.70 This relatively 
low mortality rate highlights the efficacy and impor-
tance of careful preoperative evaluation and optimi-
zation in the elderly patient population.

Table 21.6 American Society of Anesthesiologists (ASA) Physical Status Classification System

ASA Physical Status 1 A normal healthy patient

ASA Physical Status 2 A patient with mild systemic disease

ASA Physical Status 3 A patient with severe systemic disease

ASA Physical Status 4 A patient with severe systemic disease that is a constant threat to life

ASA Physical Status 5 A moribund patient who is not expected to survive without the operation

ASA Physical Status 6 A declared brain-dead patient whose organs are being removed for donor purposes

Courtesy of American Society of Anesthesiologists website: https://www.asahq.org/clinical/physicalstatus.htm.

https://www.asahq.org/clinical/physicalstatus.htm
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comorbidities will help identify patients at higher 
risk. These individuals can then be offered therapy to 
optimize the outcomes of the standard treatment, or 
be presented with customized management options 
that account for comorbidities and individual cir-
cumstances. The team is critical to the successful 
care of elderly patients. The incorporation of geriat-
ric specialists or teams will likely be beneficial and 
more common. There is no doubt that with the cur-
rent boom of healthy aging and virally related malig-
nancy, the number of patients needing treatment 
will increase. As the aging population increases, and 
in parallel the number of patients with head and 
neck malignancies, the geriatric multidisciplinary 
team will assume a greater role in assuring optimal 
care and outcomes in this very special subset.

is no clinical evidence demonstrating a higher inci-
dence of flap loss or vessel thrombosis in the elderly 
patients, even for those over the age of 70. There-
fore patients with cancers that would benefit from 
microvascular reconstruction should be offered this 
modality. The use of synchronous two-team surgery 
should lead to compressed surgical times.

 ■ Summary
In summary, the teams treating elderly (aged) 
patients with head and neck squamous cell cancers 
should offer these patients and their families the 
state of the art in treatments. The use of preoperative 
assessment tools for nutrition, functional status, and 
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Appendix [Courtesy of the Washington University School of Medicine; all rights reserved]

              

Cogent comorbid 
ailment

Grade 3 
Severe Decompensation

Grade 2 
Moderate Decompensation

Grade 1 
Mild Decompensation

Cardiovascular System
Myocardial Infarct  MI  6 months  MI > 6 months ago  MI by ECG only, age undetermined 

Angina / Coronary 
Artery Disease 

 Unstable angina  Chronic exertional angina 
 Recent ( 6 months) Coronary Artery 

Bypass Graft (CABG) or Percutaneous 
Transluminal Coronary Angioplasty 
(PTCA)

 Recent ( 6 months) coronary stent 

 ECG or stress test evidence or 
catheterization evidence of coronary 
disease without symptoms  

 Angina pectoris not requiring 
hospitalization

 CABG or PTCA (>6 mos.) 
 Coronary stent (>6 mos.) 

Congestive Heart 
Failure (CHF) 

 Hospitalized for CHF within past 6 
months

 Ejection fraction < 20% 

 Hospitalized for CHF >6 months prior 
 CHF with dyspnea which limits 

activities

 CHF with dyspnea which has 
responded to treatment 

 Exertional dyspnea 
 Paroxysmal Nocturnal Dyspnea (PND)

Arrhythmias  Ventricular arrhythmia  6 months  Ventricular arrhythmia > 6 months 
 Chronic atrial fibrillation or flutter 
 Pacemaker 

 Sick Sinus Syndrome 
 Supraventricular tachycardia 

Hypertension   DBP>130 mm Hg 
 Severe malignant papilledema or other 

eye changes 
 Encephalopathy 

 DBP 115-129 mm Hg 
 DBP 90-114 mm Hg while taking 

antihypertensive medications 
 Secondary cardiovascular symptoms: 

vertigo, epistaxis, headaches 

 DBP 90-114 mm Hg while not taking 
antihypertensive medications 

 DBP <90 mm Hg while taking 
antihypertensive medications 

 Hypertension, not otherwise specified 
Venous Disease  Recent PE ( 6 mos.)

 Use of venous filter for PE’s 
 DVT controlled with Coumadin or 

heparin
 Old PE > 6 months 

 Old DVT no longer treated with 
Coumadin or Heparin 

Peripheral Arterial 
Disease 

 Bypass or amputation for gangrene or 
arterial insufficiency < 6 months ago 

 Untreated thoracic or abdominal 
aneurysm (>6 cm) 

 Bypass or amputation for gangrene or 
arterial insufficiency > 6 months ago 

 Chronic insufficiency 

 Intermittent claudication 
 Untreated thoracic or abdominal 

aneurysm (< 6 cm) 
 s/p abdominal or thoracic aortic 

aneurysm repair 

Respiratory System
 Marked pulmonary insufficiency 
 Restrictive Lung Disease or COPD with 

dyspnea at rest despite treatment 
 Chronic supplemental O2
 CO2 retention (pCO2 > 50 torr) 
 Baseline pO2 < 50 torr 
 FEV1 (< 50%) 

 Restrictive Lung Disease or COPD 
(chronic bronchitis, emphysema, or 
asthma) with dyspnea which limits 
activities

 FEV1 (51%-65%)

 Restrictive Lung Disease or COPD 
(chronic bronchitis, emphysema, or 
asthma) with dyspnea which has 
responded to treatment

 FEV1 (66%-80%)

Gastrointestinal System
Hepatic  Portal hypertension and/or esophageal 

bleeding  6 mos. (Encephalopathy, 
Ascites, Jaundice with Total
Bilirubin > 2) 

 Chronic hepatitis, cirrhosis, portal 
hypertension with moderate 
symptoms "compensated hepatic 
failure"

 Chronic hepatitis or cirrhosis without 
portal hypertension 

 Acute hepatitis without cirrhosis 
 Chronic liver disease manifested on 

biopsy or persistently elevated 
bilirubin (>3 mg/dl) 

Stomach / Intestine  Recent ulcers(  6 months ago) requiring 
blood transfusion

 Ulcers requiring surgery or 
transfusion  6 months ago 

 Diagnosis of ulcers treated with meds 
 Chronic malabsorption syndrome 
 Inflammatory bowel disease (IBD) on 

meds or h/o with complications and/or 
surgery 

Pancreas  Acute or chronic pancreatitis with major 
complications (phlegmon, abscess, or 
pseudocyst) 

 Uncomplicated acute pancreatitis 
 Chronic pancreatitis with minor 

complications (malabsorption, 
impaired glucose tolerance, or GI 
bleeding)

 Chronic pancreatitis w/o 
complications 

Adult Comorbidity Evaluation-27
Identify the important medical comorbidities and grade severity using the index.
Overall Comorbidity Score is defined according to the highest ranked single ailment, 
except in the case where two or more Grade 2 ailments occur in different organ systems. 
In this situation, the overall comorbidity score should be designated Grade 3.

IF YOU HAVE QUESTIONS, PLEASE CALL 314-362-7394 AND ASK FOR ASSISTANCE. 
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Cogent comorbid 
ailment

Grade 3 
Severe Decompensation

Grade 2 
Moderate Decompensation

Grade 1 
Mild Decompensation

Renal System
End-stage renal disease  Creatinine > 3 mg%  with multi-organ 

failure, shock, or sepsis 
 Acute dialysis 

 Chronic Renal Insufficiency with 
creatinine >3 mg% 

 Chronic dialysis 

 Chronic Renal Insufficiency with 
creatinine 2-3 mg%. 

Endocrine System (Code the comorbid ailments with the (*) in both the Endocrine system and other organ systems if applicable) 
Diabetes Mellitus  Hospitalization  6 months for DKA 

 Diabetes causing end-organ failure 
 retinopathy 
 neuropathy 
 nephropathy* 
 coronary disease* 
 peripheral arterial disease* 

 IDDM without complications 
 Poorly controlled AODM with 
     oral agents 

 AODM controlled by oral agents only 

Neurological System
Stroke  Acute stroke with significant neurologic 

deficit
 Old stroke with neurologic residual  Stroke with no residual 

 Past or recent TIA 

Dementia  Severe dementia requiring full support for 
activities of daily living 

 Moderate dementia (not completely 
self-sufficient, needs supervising) 

 Mild dementia (can take care of self) 

Paralysis  Paraplegia or hemiplegia requiring full 
support for activities of daily living 

 Paraplegia or hemiplegia requiring 
wheelchair, able to do some self care

 Paraplegia or hemiplegia, ambulatory 
and providing most of self care 

Neuromuscular  MS, Parkinson’s, Myasthenia Gravis, or 
other chronic neuromuscular disorder and 
requiring full support for activities of daily 
living

 MS, Parkinson’s, Myasthenia 
Gravis, or other chronic 
neuromuscular disorder, but able to 
do some self care 

 MS, Parkinson’s, Myasthenia Gravis, 
or other chronic neuromuscular 
disorder, but ambulatory and 
providing most of self care 

Psychiatric 
 Recent suicidal attempt  
 Active schizophrenia 

 Depression or bipolar disorder 
uncontrolled

 Schizophrenia controlled w/ meds 

 Depression or bipolar disorder 
controlled w/ medication 

Rheumatologic (Incl. Rheumatoid Arthritis, Systemic Lupus, Mixed Connective Tissue Disorder, Polymyositis, Rheumatic Polymyositis)
 Connective Tissue Disorder with 

secondary end-organ failure (renal, 
cardiac, CNS) 

 Connective Tissue Disorder on 
steroids or immunosuppressant 
medications

 Connective Tissue Disorder on 
NSAIDS or no treatment 

Immunological System (AIDS should not be considered a comorbidity for Kaposi's Sarcoma or Non-Hodgkin's Lymphoma)
AIDS  Fulminant AIDS w/KS, MAI, PCP (AIDS 

defining illness) 
 HIV+ with h/o defining illness. 

CD4+ < 200/L
 Asymptomatic HIV+ patient. 
 HIV+ w/o h/o AIDS defining illness. 

CD4+ > 200/L
Malignancy (Excluding Cutaneous Basal Cell Ca., Cutaneous SCCA, Carcinoma in-situ, and Intraepithelial Neoplasm) 
Solid Tumor including 
melanoma

 Uncontrolled cancer 
 Newly diagnosed but not yet treated 
 Metastatic solid tumor 

 Any controlled solid tumor without 
documented metastases, but 
initially diagnosed and treated 
within the last 5 years 

 Any controlled solid tumor without 
documented metastases, but initially 
diagnosed and treated  5 years ago 

Leukemia and 
Myeloma 

 Relapse 
 Disease out of control 

 1st remission or new dx <1yr 
 Chronic suppressive therapy 

 H/o leukemia or myeloma with last Rx 
> 1 yr prior 

Lymphoma  Relapse  1st remission or new dx <1yr 
 Chronic suppressive therapy 

 H/o lymphoma w/ last Rx >1 yr prior 

Substance Abuse (Must be accompanied by social, behavioral, or medical complications) 
Alcohol  Delirium tremens  Active alcohol abuse with social, 

behavioral, or medical 
complications 

 H/o alcohol abuse but not presently 
drinking

Illicit Drugs  Acute Withdrawal Syndrome  Active substance abuse with social, 
behavioral, or medical 
complications 

 H/o substance abuse but not presently 
using

Body Weight
Obesity   Morbid (i.e., BMI  38)  

OVERALL COMORBIDITY SCORE (Circle one.) 0  1  2  3  9 
None Mild Moderate Severe Unknown 
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The Role of Neuropsychology  
in the Evaluation and Treatment  
of Geriatric Patients
Thomas Swirsky-Sacchetti and Caterina B. Mosti

 ■ Introduction

What Is Neuropsychological 
Assessment?

Neuropsychology is the science of brain–behavior 
relationships. Neuropsychological assessment is the 
objective measure of brain functioning in which a 
person’s performance is compared with individu-
als in that person’s normative group (i.e., similar 
age and educational backgrounds). Although brief 
and/or computerized batteries are now available, a 
comprehensive battery measures all major domains 
of neurocognitive functioning, including overall 
intelligence, learning and memory, expressive and 
receptive language, sensory and motor function, and 
complex problem solving/executive function. A good 
neuropsychological evaluation should also include a 
measure of personality/emotional functioning. Fixed 
batteries (e.g., the Halstead–Reitan neuropsychologi-
cal battery) are becoming less popular in the wake 
of flexible batteries, in which the test composition is 
dictated by the particular needs of the patient and the 
specific referral question. A full comprehensive bat-
tery can sometimes require up to 6 hours of testing, 
but most batteries developed for the geriatric popu-
lation are of necessity briefer but with every attempt 
made to evaluate all of the aforementioned cognitive 
domains to some extent. Although briefer computer-
ized batteries such as ImPACT (ImPACT Applications, 
Inc., Pittsburgh, PA) have gained popularity in the 
assessment of sports-related concussions, many of 
these batteries have limited use with the elderly due 
to inadequate norms, the inherent discomfort many 
elderly have with computerized assessment, and 
the limited ability of the clinician to clearly under-
stand and adequately diagnose the patient’s prob-
lems with only 20 to 30 minutes’ worth of data. Even 
one of the most widely used neurological screens in 
clinical practice, the Mini-Mental State Examination 
(MMSE), has been shown to have limited utility in 

a white matter dementia,1 underscoring its limited 
utility with common forms of dementia, such as vas-
cular dementia, which predominantly affects white 
matter.

Abbreviated batteries have their utility in a 
screening capacity, but referral questions are often 
complicated in the elderly and require “pattern anal-
ysis” (i.e., an inspection of the individual’s strengths 
and weaknesses across the aforementioned modali-
ties). These strengths and weaknesses are identified 
within a context of the patient’s overall intelligence 
and educational/occupational background. For 
example, one would have higher expectations for 
someone of superior intelligence, such that even a 
technically average or low average score on a mem-
ory task might have implications for the onset of an 
incipient dementia. Given the prevalence of depres-
sion and other emotional issues in the elderly, the 
neuropsychologist must also factor in the contribu-
tion of emotional variables. This is also done by pat-
tern analysis, wherein various subtypes of dementia 
present with differing patterns, each of which dif-
fer from normal aging changes in the brain and/or a 
primary emotional etiology. To do pattern analysis, 
a more comprehensive evaluation covering intelli-
gence, learning and memory, receptive and expres-
sive speech, sensory/motor functions, and executive 
functions is required.

Neuropsychological Functioning  
in the Elderly

There are a host of well-documented changes in brain 
functioning as a result of normal aging. The brain 
slows in information processing speed and is less 
adept at “fluid” measures of cognition, which require 
quick adaptation and adjustment to unfamiliar tasks. 
In contrast, “crystallized” intelligence, such as one’s 
long-term knowledge base for occupationally related 
material, vocabulary, or the rules of grammar, may 

22
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affect less than 1% of adults ages 65 and older,5 are 
some of the more common “rare” dementias.

Neuropsychological assessment is useful in help-
ing to differentially diagnose normal aging and the 
dementias, documenting response to treatment, 
helping the patient/family with decisions regard-
ing needed level of care, and setting up appropriate 
expectations for the patient (i.e., determining if the 
patient is capable of managing finances or driving an 
automobile).

Cognitive Rehabilitation with the Elderly

Cognitive rehabilitation refers to any activity 
designed to improve cognitive functioning. Li  et al6 
and Reijnders et al7 provide excellent reviews on 
cognitive interventions in older adults, those with 
MCI, and even those with mild dementia. The use 
of computerized brain training programs and video 
games to stimulate brain functioning in the elderly 
is becoming more popular, although more research 
is needed to objectively measure any beneficial 
effects. There is increasing research support for 
using various cognitive interventions in the elderly 
population,8 with more success obviously realized 
in those with MCI or mild dementia as opposed to 
moderate–severe dementia groups. Rehearsal-based 
techniques for memory enhancement have demon-
strated efficacy. Compensatory techniques take two 
forms (i.e., external and internal). External compen-
satory techniques simply change or rearrange the 
environment with the use of external crutches, so 
that the same function (e.g., remembering tomor-
row’s appointment), is done with the use of a crutch 
(e.g., a calendar notebook or smart phone). Internal 
compensatory strategies involve rehearsal based 
strategies or to using different physiological path-
ways to accomplish the same task in an effort to 
avoid or to minimize reliance on dysfunctional areas. 
Multimodal imprinting is the technique of using 
more than one sensory modality for memory encod-
ing (e.g., a list of shopping items can be encoded by 
auditory verbal rehearsal or by forming a mental pic-
ture of those items on the checkout counter) thereby 
using vastly different brain regions.

Neuropsychology and Presbycusis

One illustrative example of the intersection between 
neuropsychology and geriatric otolaryngology is 
presbycusis, which will be treated in more detail 
because there is a growing body of evidence sup-
porting the association between presbycusis and 
cognitive decline in the elderly.9,10 In evaluating the 
potential contributing factors of brain involvement 
in presbycusis, it is not just the assessment of recep-

continue to increase with age, depending on one’s 
intellectual curiosity. There is a wide range of nor-
mal variation in the cognitive aspects of aging, simi-
lar to physical aging, which is why norms based on 
age and education are crucial in interpretation of 
testing results.

Mild cognitive impairment (MCI) is defined as 
the diminution of one domain of cognitive function-
ing with other domains remaining intact. Subtypes 
of MCI have been identified, with the amnestic sub-
type (i.e., predominant memory impairment) being 
the one subtype more likely to convert to dementia. 
Petersen et al reported that the prevalence of MCI in 
a nondemented population of older adults ages 70 
to 89 is ~ 16%.2 Considering that many of these indi-
viduals will convert to dementia, the importance of 
the potential contribution of cognitive issues in the 
elderly cannot be underestimated. Given increased 
longevity and better medical treatment, the preva-
lence of various forms of dementia is increasing.

Dementia is an umbrella term under which many 
subtypes of cognitive decline may fall. Rates of 
dementia in those ages 71 and older are at ~ 13.5%. 
Incidence of dementia among adults ages 71 to 79 
falls at ~ 5% but jumps to 37% in adults ages 90 and 
over.3 Although Alzheimer disease is perhaps the 
most widely discussed dementia, there are several 
other dementia subtypes, including multi-infarct 
(vascular) dementia, frontotemporal dementia, and 
subcortical dementias. Alzheimer disease is charac-
terized by progressive and diffuse cognitive decline 
with prominent memory decline, often without a 
clearcut onset. Vascular dementia presents with 
more isolated domains of cognitive impairment, 
and is usually characterized by deficits in executive 
functioning with relatively intact aspects of memory. 
Frontotemporal dementia is characterized by atro-
phy of the frontal and/or temporal lobes of the brain 
responsible for planning and judgment and under-
standing and production of speech, respectively. 
Hallmark symptoms of frontotemporal dementia can 
include increasingly erratic or impulsive behavior, 
which may be the first signs of a problem, as well 
as changes in language. Subcortical dementias, such 
as those associated with Parkinson and Huntington 
diseases, tend to result in slower speed of processing 
or inability to initiate activities and are in contrast to 
the forgetfulness or language difficulties associated 
with cortical dementias (e.g., Alzheimer disease).

The most common form of dementia is Alzheimer 
disease. Most agree that histopathologically con-
firmed Alzheimer disease constitutes around 45% 
of the dementia population, with  vascular demen-
tia, representing roughly another 25%. Of course, 
these two forms are not mutually exclusive and can 
co-occur in roughly another 20%. Frontotemporal 
dementia, with an estimated prevalence rate between 
2 and 15%,4 and Parkinson dementia, estimated to 
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Cognitive Domains of Importance  
in Presbycusis

Whereas one can argue that all domains of cogni-
tive and emotional functioning are relevant to the 
evaluation and treatment of presbycusis, the areas of 
attention, memory, and executive function have thus 
far been most researched.

The role of attention takes on more salience as one 
moves from the relatively artificial context of listen-
ing to one stimulus source in a quiet background to 
the more realistic, everyday-life. Inunctional hearing 
required in noisy environments with more than one 
source of speech or other competing demands, the 
listener has to focus not only on the “what” of speech 
but also on the “where” and sometimes the “when.”12 
Selective attention refers to focusing on one source 
of stimuli and inhibiting others. Alain and Woods 
demonstrated that older adults’ difficulty hearing in 
a noisy context may reflect a decline in the ability to 
inhibit irrelevant stimuli.15 Divided attention refers 
to the allocation of attentional resources to more 
than one stimuli simultaneously, a common demand 
of daily life (e.g., listening to a phone message and 
writing down salient notes as a reminder). When 
hearing-impaired listeners were required to perform 
two tasks simultaneously, Rakerd et al found that lis-
tening to speech was especially effortful.16 The brain 
regions subserved by attention depend somewhat 
on the type of sensory stimulation that is involved, 
although most would agree that the bilateral frontal 
lobes play a major role in the regulation of attention 
and the inhibition of distracting factors. Neuropsy-
chological testing of attention includes both visual 
and auditory attention, as well as tasks with varying 
demands (e.g., divided attention, alternating atten-
tion, sustained attention, and attention with simul-
taneous competing demands).

Memory is perhaps the most researched of all 
cognitive domains. Comprehension of lengthy speech 
passages is aided and abetted by recall on the initial 
portions of the passage. There are many schemata for 
organizing this complex brain function. A temporal 
dimension of immediate recall, delayed recall, and 
remote recall can be used to characterize a memory 
task. Another aspect of memory depends on whether 
something is consciously or unconsciously learned. 
Explicit memory refers to recall of material that you 
consciously intend to remember (e.g., information 
from this chapter or tomorrow’s appointments). 
Implicit memory refers to unconsciously learned 
memory or learning of skills and habits, although one 
may not be able to recall the exact time and place of 
acquiring a particular skill (e.g., how to use a ham-
mer). The memory task can also be conceptualized 
according to whether the individual has to produce 
the stimuli or simply to recognize them from among 
confederates. Recognition memory may be signifi-

tive (and expressive) language that is more germane 
to central presbycusis, but also the assessment of 
other brain functions such as memory, executive 
functions, and processing speed, which are increas-
ingly seen to be not only relevant, but of crucial 
importance in diagnosis and treatment.

It is increasingly clear that the comprehensive 
evaluation and treatment of older adults with pres-
bycusis is based on a model in which several levels 
of etiology, such as peripheral functioning, central 
auditory processing, and cognitive functioning, are 
included.11 Some prefer a simplified classification sys-
tem of peripheral versus central etiologies. Central 
presbycusis has been defined by Humes et al as “age 
related changes in the auditory portions of the cen-
tral nervous system negatively impacting auditory 
perception, speech-communication performance, or 
both.”9 Humes et al studied older and young adults, 
the vast majority (90%) of whom had not worn hear-
ing aids.9 They administered 6 cognitive measures, 17 
psychophysiological measures, and 9 different mea-
sures of speech understanding. Of the 12 measures 
in which older adults performed significantly worse 
than younger adults, 6 were cognitive measures. This 
further underscores the importance of considering 
cognitive functioning in working with the elderly 
with presbycusis. Pichora-Fuller and Singh noted 
two conceptual models for describing the relation-
ship between cognitive and central auditory pro-
cessing components with peripheral etiologies, and 
argue for an integration of these models.12 The “site 
of lesion” approach holds that distinct anatomical 
sites are organized hierarchically from the bottom 
up (i.e., peripheral, central auditory processing, and 
cognitive processes, respectively). This system has 
proven useful for differential diagnosis of conduc-
tive, sensorineural, retrocochlear, or central hearing 
loss. However, Pichora-Fuller and Singh argue that 
this schema doesn’t account for overlapping sys-
tems, which are guided by afferent encoding as well 
as efferent feedback. The other model described is 
a “processing view” model, in which a bidirectional 
influence and the interaction of lower-level sensory 
and higher-level cognitive processes is the schema 
for understanding the functions of hearing, listen-
ing, comprehension, and communication. The pro-
cessing view model necessitates the involvement of 
cognitive functions of attention and memory as well 
as language. The authors argue that understanding 
how sensory and cognitive domains interact is an 
important precursor to remediation. Pichora-Fuller 
and Singh also include the role of social-emotional 
factors because both perceptual stressors (noise) 
and cognitive stressors (memory loss) can affect the 
social well-being.13 Cox et al also highlight the impor-
tance of the emotional functioning of the older indi-
vidual, which can have a reverberating effect on the 
perceived success of treatment.14
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sentative sample of older adults. A subset (n = 605) of 
older adults ages 60 to 69 from the National Health 
and National Examination Health Survey was admin-
istered the Digit Symbol Substitution Test (DSST)—a 
subtest from the Wechsler Adult Intelligence Scale 
(WAIS-IV) used to measure executive function and 
psychomotor speed—in addition to standardized 
audiometric testing.21 Results of this study indicated 
a significant negative association between hear-
ing loss and cognitive function among older adults, 
even after controlling for several demographic and 
cardiovascular factors (diabetes, smoking, hyperten-
sion, stroke).21 The magnitude of the reduction in 
cognitive performance was associated with a 25 dB 
hearing loss and an age equivalent of 7 years. Impor-
tantly, hearing aid use was associated with higher 
DSST scores. However, future studies should aim to 
replicate this finding, because only 13 hearing aid 
participants were included in this group.21 Lin et al 
extended these findings by analyzing the relation-
ship between a more comprehensive neurocognitive 
battery and audiometric testing in another nation-
ally representative sample of adults over the age of 
55.22 Participants were administered tests of men-
tal state (MMSE), memory (Free and Cued Selective 
Remind Test [FCSRT]), executive function/attention 
(Trail Making Test B, Stroop Mixed), psychomotor 
and processing speed (Trail Making Test A, Stroop 
Color and Word Naming), and verbal ability (Cat-
egory and Letter Fluency, American Version of the 
Nelson Adult Reading Test [AMNART]). After adjust-
ing for age, sex, education, diabetes, smoking, and 
hypertension, hearing loss was significantly associ-
ated with lower scores on the MMSE, memory free 
recall, and Stroop mixed. Associations between Trails 
A and B approached statistical significance. Thus 
the associations between hearing loss and memory 
and executive function were stronger than those 
between hearing loss and measures of verbal ability 
or processing speed.22

Similar findings have been reported, even in 
mixed samples of older adults with and without 
memory loss and dementia. Gates et al administered 
an extended audiological battery and executive func-
tion testing to a mixed sample of both healthy and 
memory-impaired older adults (n = 313).23 The audio-
logical battery consisted of several tests, including (1) 
peripheral audition, (2) auditory-evoked potentials, 
and (3) central auditory tests including Synthetic 
Sentence Identification with Ipsilateral Competing 
Message, Dichotic Sentence Identification, and Dich-
otic Digits. Executive functioning testing consisted 
of the Trail Making Test, Clock Drawing, Stroop Color 
and Word Naming, and subtests from the Cognitive 
Abilities Screening instrument to measure mental 
concentration.23 Importantly, an executive function-
ing composite score was significantly associated with 
all three measures of central auditory processing but 

cantly better in someone who is encoding the mem-
ory but has difficulty with retrieval or recall. Cued 
recall (e.g., providing the first sound of the word 
to be remembered), is another way to differentiate 
between encoding and retrieval problems. Memory, 
especially explicit memory, relies heavily on the 
hippocampal regions of the mesial temporal lobes. 
However, as the complexity of the task increases 
(e.g., learning a long list of words), frontal lobe 
resources are also used.17 The assessment of memory 
is often the most time-consuming portion of a neu-
ropsychological battery and is especially important 
in differential diagnosis of normal aging, mild cogni-
tive impairment, and various dementing conditions. 
Memory of material presented aurally, visually, and 
through the tactile modality is tested for immediate 
recall and delayed recall, with a variety of cueing and 
recognition trials clarifying the distinction between 
encoding versus retrieval problems. Gates et al 
aimed to measure central auditory processing across 
three groups of older adults—those without memory 
impairment, those with mild memory impairment, 
and those diagnosed with dementia.18 They found 
that central auditory processing worsened across 
memory impairment groups, even after controlling 
for age and peripheral hearing loss. These findings 
suggest that memory may adversely impact central 
auditory processing in the elderly independent of 
sensorineural hearing loss.18

Working memory refers to holding information 
in a temporary store long enough to perform some 
action with it, such as writing down a confirmation 
number or transferring an appointment date to a 
calendar. It is considered by most to be one type of 
executive function. Discourse processing has been 
studied using the working memory model posited 
by Baddeley.19 Information initially heard is held in 
a temporary store long enough for it to be processed 
on a deeper level, and this is done quickly enough 
for the next cluster of information to be heard. When 
information is presented too quickly, the working 
memory demands of the elderly may be overloaded 
due to normal aging changes in processing speed. 
Similarly, when sensory information is presented 
in a degraded form due to peripheral issues, the 
working memory system may be overstressed and 
may break down. Erb and Obleser examined neural 
speech processing in a group of older adults with 
varying levels of sensorineural hearing loss as well as 
younger adults.20 Their findings indicated that both 
young and older adults had similar levels of behav-
ioral adaptation to degraded speech stimuli. How-
ever, older adults with increased levels of hearing 
loss demonstrated greater activation of the anterior 
cingulate cortex as well as the middle frontal gyrus 
for speech comprehension.20 Recently, researchers 
aimed to investigate the relationship between execu-
tive function and hearing loss in a nationally repre-
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poral lobes. Interestingly, hearing loss as well as tin-
nitus was associated with decreased volume in the 
frontal and occipital lobes.26 Similarly, Wong et al’s 
study reported that larger and thicker prefrontal cor-
tex volume was associated with better speech per-
ception in older adults, but not in younger adults.27 
The authors concluded that better prefrontal cortex 
functioning may facilitate speech perception in the 
elderly and supports the “decline-compensation” 
hypothesis, which posits that decline in sensory pro-
cessing abilities due to aging can be accompanied by 
use of more general cognitive areas as a method of 
compensation.

Unlike the Wong et al study, Profant et al were 
unable to replicate findings suggesting involve-
ment of the frontal lobe in presbycusis.28 Their study 
included comparison groups of young adults and 
two groups of older adults with expressed and mild 
presbycusis. Overall, older adults had less gray mat-
ter than young adults. Those with all levels of pres-
bycusis had decreased volume of the Heschl gyrus 
and decreased thickness of the planum temporale. 
Interestingly, research indicates no abnormal audi-
tory cortex morphology in young adults with con-
genital deafness,29 suggesting a neuroanatomical 
component to presbycusis in the elderly. Increased 
white matter in the temporal lobe and increased 
radial vectors under the Heschl gyrus—both asso-
ciated with neural degradation—were also found 
among the presbycusis groups, indicating a role of 
the central auditory processing cortex in central 
hearing loss.

The practical implications of integrating neuro-
psychological assessment into geriatric otolaryn-
gology are widespread and extend beyond routine 
auditory testing. Clinicians need to take cognitive 
factors into account when working with this popula-
tion and understand that impairments may extend 
beyond obvious sensory deficits.

The Evaluation of Surgical Patients

Another important role for the neuropsychologist is 
in the evaluation of surgical patients. The American 
College of Surgeons in collaboration with the Ameri-
can Geriatric Society recently issued best practice 
guidelines for working with geriatric patients.30 
Among the 13 important areas cited by the authors 
as requiring preoperative assessment in geriat-
ric patients were cognitive impairment/dementia 
and decision-making capacity. The authors recom-
mended that, even for patients without a known his-
tory of cognitive impairment or dementia, a detailed 
history and cognitive assessment be strongly recom-
mended. This is particularly important because a 
patient and/or family caregiver may not realize the 
presence of cognitive impairment and may simply 

not with primary auditory pathway measures. The 
Trail Making Test Part B, aimed to measure mental 
set shifting and mental flexibility, was most strongly 
associated with auditory outcomes.23

Neuroanatomical Support of  
Central Presbycusis

Neuropsychological research has increasingly used 
structural and other imaging measures in addi-
tion to traditional paper-and-pencil tests. With the 
increased use of functional magnetic resonance 
imaging (fMRI), diffusion tensor imaging (DTI), 
and other advanced brain imaging techniques, 
there is a growing body of literature suggesting 
neuroanatomical changes associated with hearing 
loss. Although imaging research has traditionally 
focused on deficits in the primary auditory cortex 
located within the temporal lobe of the brain in 
regard to presbycusis, newer research suggests that 
changes in brain morphology associated with hear-
ing loss may be more widespread than previously 
hypothesized.

Hwang et al compared fMRI findings of 12 
healthy elderly and 12 young adults.24 Their find-
ings included reported lower activation of the 
auditory cortex, particularly in the anterior and 
posterior regions of the superior temporal gyrus 
(STG), in older adults while listening to speech 
sounds. These effects were amplified when older 
adults were required to listen to speech in noise. 
Of note, there was a marked decrease in activa-
tion of the posterior region of the STG, suggesting 
that functional changes associated with central 
presbycusis may start in this region.24 Eckert et al 
employed factor analysis to divide hearing met-
rics into high- and low-frequency sounds among a 
sample of 49 older adults.25 High-frequency hear-
ing loss, generally found among those advanced in 
age, was associated with decreased gray matter in 
the auditory cortex and increased cerebrospinal 
fluid. These findings suggest atrophy of the audi-
tory cortex with increased hearing loss. Eckert et 
al indicate that further research is needed to inves-
tigate whether there are specific subtypes of hear-
ing loss (e.g., low frequency vs. high frequency) 
that may be more strongly associated with central 
presbycusis.

In addition to morphological changes within the 
temporal lobe, recent research suggests that pres-
bycusis may be associated with changes in several 
regions of the brain. Boyen et al used voxel-based 
morphometry (VBM) to investigate morphological 
differences between those with hearing loss and 
those with hearing loss and tinnitus.26 Compared 
with the hearing loss group, the tinnitus group had 
greater gray matter in the superior and medial tem-



22 The Role of Neuropsychology in the Evaluation and Treatment of Geriatric Patients  253

the most common physical symptoms of concussion 
are dizziness and tinnitus, and the elderly are more 
vulnerable to persistent symptoms in these areas, 
as well as in cognitive areas,33 perhaps due to lack of 
“cognitive reserve.” Research indicates that anywhere 
from 23 to 81% of concussion patients report dizzi-
ness within the first few days of head injury; how-
ever, the literature also suggests that symptoms of 
dizziness can persist several years postinjury.34 Diz-
ziness may be due to peripheral vestibular injuries 
or to structural damage within the brain, including 
diffuse axonal injury or contusion to the brainstem 
and/or cerebellum.35 Likewise, postconcussive symp-
toms such as migraines or anxiety may contribute to 
or exacerbate symptoms of dizziness in postconcus-
sive patients.35 Elderly patients presenting with diz-
ziness or tinnitus should be carefully screened for a 
history of fall(s) even if not accompanied by a direct 
blow to the head or loss of consciousness. Referral 
for neuropsychological testing can help in determin-
ing the nature and extent of any persistent concus-
sion-related cognitive deficits and how these are 
distinguished from normal aging or dementia. These 
deficits may coexist with dizziness, tinnitus, or other 
physical postconcussion symptoms and may cer-
tainly complicate treatment of the latter. Treatment 
for any concussion-related emotional changes (e.g., 
depression, irritability, anger management issues) 
as well as cognitive rehabilitation for the cognitive 
issues will have a beneficial effect on the patient’s 
ability to understand and follow through with a 
treatment protocol.

Clinical Implications

Neuropsychological assessment of elderly patients 
is increasingly vital to accurate diagnosis and treat-
ment of a variety of ear, nose, and throat patients. 
There exist several easily accessible cognitive mea-
sures aimed to assess gross cognitive function in 
patients at little to no cost to the clinician that would 
be appropriate for use as gross screening measures. 
Likewise, they are simple to administer and interpret 
and thus are appropriate for all levels of familiarity 
with neuropsychological impairment. For example, 
one study found that administration of a simple 
letter–number sequencing task aided clinicians in 
detecting speech recognition deficits.36 However, if 
frank cognitive deficits are apparent or if patients 
have difficulty with a screening measure, clinicians 
should refer patients for a more thorough neuropsy-
chological examination. Emotional functioning is 
equally an important consideration because this has 
been shown to affect how older individuals adjust to, 
comply with, and rate satisfaction with treatment. 
The clinician who senses that depression and anxiety 
or issues of social isolation are at play should make 

attribute it to normal aging. The patient and/or fam-
ily may also be in denial of fairly serious cognitive 
issues for a variety of reasons. The presence of cog-
nitive impairments may interfere with the patient’s 
ability to understand the purpose of and the likely 
outcomes of the planned surgical procedure, and 
may clearly interfere with the capacity to make 
informed decisions. Neuropsychological testing can 
also be helpful in determining these capacities in 
patients with a clearly established diagnosis of mild 
cognitive impairment or dementia. It is important 
to remember that, given varying levels of demen-
tia severity, even a diagnosis of dementia does not 
automatically preclude the patient’s ability to under-
stand the purpose of a planned surgery and the likely 
outcomes. The best practice guidelines also note the 
importance of documenting preoperative cognitive 
status because postoperative cognitive dysfunction 
is common but difficult to evaluate objectively with-
out the record of baseline cognitive status.

Depression should also be assessed preopera-
tively according to the best practice guidelines. As 
noted earlier, depression can often masquerade as an 
organic cognitive issue (i.e., pseudodementia). The 
role of depression in predicting surgical outcome 
has been well established in several medical spe-
cialties. Rosenberger et al found in a meta-analysis 
that depression and other psychosocial factors (e.g., 
social support) played a significant role in recovery 
and were predictive of surgical outcome even after 
accounting for relevant clinical variables.31 Smith et 
al reported that depression was one of the strongest 
predictors of poor outcome following endoscopic 
sinus surgery for chronic rhinosinusitis.32 A compre-
hensive neuropsychological evaluation will assess 
for depression in the elderly patient, and contextual-
ize findings on objective measures suitable for use in 
this population. Some popular depression measures 
that include common somatic symptoms of depres-
sion may overinflate a normal older patient’s depres-
sion score. Contextualization is of vital importance 
in understanding depression and what to do about 
it. An older patient may have a “reactive” depres-
sion in the context of just having lost a spouse or loss 
of independence/function. In this case, supportive 
psychotherapy might be the best treatment recom-
mendation, whereas medication may be more appro-
priate for someone with a long-standing history of 
depression without clearcut precipitating factors.

 ■  Concussion and  
Mild Head Injury

Elderly patients are more at risk for falls due to a vari-
ety of medical issues, which places them at greater 
risk for concussion and closed head injury. Among 
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impaired older adults. Such interventions may also 
be useful in treating older adults presenting to the 
ear, nose, and throat specialist who exhibit some 
cognitive deficits. In particular, those with central 
auditory processing disorders may benefit from com-
puter-based training programs or other newer cogni-
tive rehabilitation efforts37; however, future research 
is needed to establish their utility in this population.

referrals to a mental health professional for further 
evaluation and treatment.

Importantly, there exist several compensa-
tory strategies aimed to reduce cognitive impair-
ments among the elderly. These methods, including 
rehearsal-based strategies to improve memory and 
reliance on external aids such as memory notebooks 
or calendars, have been shown to be of use in memory- 
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