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Foreword

The publication of this second edition of
The American Psychiatric Press Textbook of

Geriatric Neuropsychiatry provides an opportunity to re-
flect on the many advances that have transformed the
field since the first edition.

First, increasingly, the term geriatric is no longer asso-
ciated with the feebled or impaired. With improvements in
lifestyle and health care, the outer boundary of middle age
has now been moved to age 64. Furthermore, the fastest
growing sector of the American population is that of those
over 80 years of age. Most of the elderly report living satis-
fying lives, engaged with family, hobbies, religion, and
travel. Thus, the importance of geriatric neuropsychiatry
must grow commensurate with these demographic
changes and should focus increasingly on preventive strat-
egies that maintain healthy brains in the elderly.

Second, the molecular mechanisms responsible for
neuronal damage and degeneration that underlie many of
the age-related disorders of the brain—stroke, Alzheimer’s
disease, Parkinson’s disease, amyotrophic lateral sclero-
sis—have been worked out in considerable detail in recent
years. For example, five risk genes for Alzheimer’s disease
have been identified, thereby illuminating the final com-
mon pathway leading to senile plaques and selective
neuronal vulnerability in this disorder. Through recombi-
nant DNA technology, the human Alzheimer genes have

been inserted in the mouse genome, thereby creating mice
who develop the neuropathology of Alzheimer’s disease.
These advances provide molecular targets for the design of
drugs that will not simply palliate the disease but will actu-
ally prevent it.

A common theme emerging from these studies is the
role of reactive oxygen species in causing cumulative dam-
age to neuronal membrane, proteins, and, most impor-
tantly, the DNA. The “new agers” obsession with antioxi-
dants now has a scientific basis as aspirin and vitamin E
appear to have protective effects in Alzheimer’s and Hun-
tington’s disease. The cumulative damage to DNA by reac-
tive oxygen species triggers a form of cell suicide known as
apoptosis. In the periphery, apoptosis eliminates cells with
DNA damage that are likely to become cancerous; how-
ever, in the nondividing neurons, it appears to account for
neuronal elimination in neurodegenerative disorders. In
the future, pharmacologic blockade of neuronal cell sui-
cide may prevent or delay the onset of these neuro-
degenerative disorders, but the impact of these drugs on
carcinogenesis will present a challenge.

Third, remarkable advances in imaging technology
now permit noninvasive studies of human brain structure,
chemistry, and function with increasingly higher resolu-
tion. With advances made in cognitive neuroscience, men-
tal tasks are devised that challenge the systems affected by
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disorders such as schizophrenia and obsessive-compulsive
disorder much like the stress test is used in cardiology.
These new, more refined “windows” into the brain are pro-
viding opportunities for better understanding the
pathophysiology of age-related brain impairments and
ways of testing new treatments and rehabilitation tech-
niques.

Finally, the armamentarium of therapeutic agents to
treat effectively neuropsychiatric disorders of late life has
grown substantially and will continue to expand. The new
drugs are generally much more specific in their actions and
thus have fewer noxious side effects to which the elderly are
particularly vulnerable. The molecular sites of action of

most are well characterized so that clinicians now have, for
example, antidepressants that act at six different molecular
targets alone or in combination.

It is the mind, the product of the brain, that defines our
humanity, and it is the loss of mind that most terrifies the el-
derly. This textbook provides a remarkably comprehensive
approach to the identification, diagnosis, and treatment of
the broad range of neuropsychiatric conditions that affect
the elderly. Given the pace of discovery and the rich knowl-
edge displayed in this textbook, we and our patients can
look forward with greater confidence to successful aging.

Joseph T. Coyle, M.D.

xvi THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



Preface

Geriatric neuropsychiatry is an emerging
clinical subspecialty that is devoted to

the diagnosis and treatment of psychiatric or behavior
disorders in aging patients with disturbances of brain
structure or function. Such disturbances are particularly
common in older individuals, and the continued expan-
sion of the elderly segment of our population has recently
resulted in considerable interest in the study of neuropsy-
chiatric illness associated with brain aging.

The first edition of The American Psychiatric Press Text-
book of Geriatric Neuropsychiatry was published in 1994. Its
popularity exceeded even our mothers’ expectations. Its
publication also generated a number of cards, letters,
emails, faxes, and phone calls from readers with apprecia-
tion for our efforts as well as suggestions for how future edi-
tions of the textbook could be improved. The 6-year inter-
val since the first edition of the textbook has also witnessed
a continued aging of the population (by almost exactly
6 years!), as well as the continued explosion in neuroscience
research and in our understanding of human behavior.

The second edition of the Textbook of Geriatric Neuro-
psychiatry takes to heart the advice of our previous readers
and advisors, embraces the “graying” of our population,
and incorporates the very latest in neuroscience research in
an updated text designed for clinicians interested in
brain-behavior relations. This edition bridges the fields of

geriatric neurology and geriatric psychiatry, and empha-
sizes the relationships that exist between neuropsychiatric
illness and aging of the nervous system. The book is in-
tended for healthcare professionals—psychiatrists, neu-
rologists, psychologists, geriatricians, and other clini-
cians—who desire to understand and manage disturbed
behavior in the elderly through a comprehensive approach
based upon a thorough knowledge of contemporary neuro-
science. This textbook endeavors to establish a link be-
tween the neurobiology of idiopathic psychiatric illness
and the neurobiology of neurologic disorders that cause
disturbed behavior in the elderly and in so doing stimulate
consideration of fundamental brain-behavior relation-
ships.

A number of changes have been incorporated in the
second edition of the Textbook of Geriatric Neuropsychiatry.
The text has been expanded by 28%, from 32 to 41 chap-
ters. In addition to the 9 new chapters, all previous chapters
have been extensively revised and updated with the latest in
published research.

The textbook is organized into five sections, each of
which is edited by one or more of the book’s editors or asso-
ciate editors. The section editors have assembled an out-
standing collection of world-renowned neuropsychiatrists
and neuroscientists who in turn have produced chapters
that impart clinically relevant information within the con-
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text of the very latest in neuroscience research.
Section I, “Introduction to Geriatric Neuropsy-

chiatry,” begins with an overview of the emerging clinical
specialty of geriatric neuropsychiatry, followed by chapters
on the demography of aging and the neurobiology of brain
aging. The final chapter in this section provides an integra-
tive model linking neurobiology with behavior and thus
sets the stage for the subsequent sections in the book.

Section II, “Neuropsychiatric Assessment of the El-
derly,” comprises three practical chapters on clinical and
neuropsychological examination of the elderly, a chapter
on memory changes in senescence, and four chapters on
the role of advanced brain imaging technologies (updated
chapters on magnetic resonance imaging [MRI], posi-
tron-emission tomography, and computerized topo-
graphic electroencephalography, as well as a new chapter
on functional MRI and resonance spectroscopy) in the
evaluation of the aging patient. This section accomplishes
the essential and fundamental task of defining the accept-
able limits of “normal” aging as assessed at the bedside and
in the neuroscience laboratory.

Sections III and IV provide the clinical core of the
book and focus on the neuropsychiatric aspects of psychiat-
ric and neurologic disorders, respectively, in the elderly.
Section III, “Neuropsychiatric Aspects of Psychiatric Dis-
orders in the Elderly,” includes three new chapters that ex-
amine personality disorders in geriatric neuropsychiatry,
neuropsychiatric aspects of aging in the mentally retarded
population, and aggression in geriatric neuropsychiatry.
Section IV, “Neuropsychiatric Aspects of Neurological
Disease in the Elderly,” includes a new chapter on neuro-
behavioral syndromes. The comprehensive chapters in
these sections highlight the influence of the aging nervous
system on the pathophysiology, neuropsychiatric manifes-
tations, clinical course, and prognosis of neurologic and
psychiatric illness in the elderly.

Section V, “Principles of Neuropsychiatric Treatment
of the Elderly,” emphasizes the special considerations that
are essential for safe and effective treatment of neuropsy-
chiatric disorders in the elderly. This section features up-
to-date chapters on interactions between aging and neuro-
pharmacotherapy, electroconvulsive therapy, psychosocial

and family therapies, and extended care. Four new chapters
have been added on genetic interventions, behavioral and
cognitive rehabilitation, ethical issues, and medico-legal
and forensic issues. The discussions and recommendations
for treatment are anchored as much as possible in a firm
foundation of clinical science research. The new chapters
in this section acknowledge the increasingly complex ethi-
cal, social, and forensic issues arising in the health care of
the elderly.
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Geriatric Neuropsychiatry

Jeffrey L. Cummings, M.D.

C. Edward Coffey, M.D.

Grow old along with me!
The best is yet to be,
The last of life, for which the first was made.

Robert Browning
Rabbi Ben Ezra

Neuropsychiatry is the discipline devoted
to understanding the neurobiological

basis of human behavior. Neuropsychiatry has patient
care, research, and educational dimensions emphasizing,
respectively, the application, enhancement, and dissemi-
nation of neuropsychiatric information. The growth of
neuropsychiatry has been stimulated by advances in neu-
roscience, neuroimaging, neuropsychopharmacology,
geriatrics, and psychiatry. Geriatric neuropsychiatry repre-
sents the application of neuropsychiatry to older individ-

uals. Geriatric neuropsychiatry is an integrative activity
bridging the fields of psychiatry, neurology, neurosci-
ence, and geriatrics. The emergence of geriatric neuro-
psychiatry is a response to the increasing size of the el-
derly population and the high prevalence of brain diseases
and behavioral disorders among them. The practice of
geriatric neuropsychiatry reflects commitment to the
principle that improved understanding of brain-behavior
relationships can lead to a higher quality of life for older
individuals through minimization of excess disability,
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early recognition of diseases, and improved therapeutic
interventions in behavioral disturbances.

The Textbook of Geriatric Neuropsychiatry is the first vol-
ume devoted exclusively to the discipline of geriatric
neuropsychiatry. It is intended to serve as a guide to the
practice and further development of this area of research
and care. In this introductory chapter, we review the major
issues in geriatric neuropsychiatry. Our purpose is to pro-
vide a neurobiological perspective on behavioral distur-
bances in elderly individuals, to create a context for the re-
maining chapters of this book, and to define and describe
geriatric neuropsychiatry. In this chapter, we also review
important aspects of training and research in geriatric
neuropsychiatry.

Geriatric Neuropsychiatry
as a Discipline

Geriatric Neuropsychiatry

Most subspecialization or growth of an area of specific
knowledge results from concentration on a small part of a
parent discipline. With the explosion of information rele-
vant to behavioral alterations in the elderly, however, the
emergence of geriatric neuropsychiatry arises from a
different imperative. Geriatric neuropsychiatry is an inte-
grative specialty that draws from a diversity of fields (psy-
chiatry, neuropsychiatry, neurology, neuroscience, neuro-
imaging, neuropsychopharmacology, neuropsychology,
gerontology, molecular biology, genetics, epidemiology,
and psychodynamics) with the intent of improving the care
of elderly individuals with behavioral disorders and to
stimulate research in this critical area (Figure 1–1).

The practice of geriatric neuropsychiatry depends on
distinguishing normal age-related changes from those of
disease and disordered brain function. Slowing of cogni-
tion, diminished access to specific bits of memory (e.g.,
names), and reduced cognitive flexibility may occur in the
course of normal aging (Van Gorp and Mahler 1990) (see
Chapters 7 and 8 in this volume). These changes must be
differentiated from the effects of dementia, depression,
and systemic illness. Geriatric neuropsychiatry provides
expertise in this area.

Neuropsychiatry and Geriatric
Neuropsychiatry

Neuropsychiatry is an old discipline that has been resur-
rected to assume a prominent place in contemporary psy-
chiatry. There is no consensus definition of neuropsychiatry.

Lishman (1992) suggested that it is that aspect of psychia-
try that seeks to advance understanding of behavioral prob-
lems through increased knowledge of brain structure and
function. Yudofsky and Hales (1989a, 1989b) defined
neuropsychiatry as the discipline concerned with the assess-
ment and treatment of patients with psychiatric illnesses or
symptoms associated with brain abnormalities. Trimble
(1993) emphasized that neuropsychiatry attempts to un-
derstand the effects of central nervous system structural or
functional change on behavior, recognizing the essentially
dynamic and individualistic nature of behavioral disposi-
tions.

Neuropsychiatry is an umbrella discipline under
which geriatric neuropsychiatry is subsumed. Geriatric
neuropsychiatry, however, integrates information from
geriatrics, gerontology, and aging research not specifically
relevant to all areas of the broader discipline of neuro-
psychiatry.

Geriatric Neuropsychiatry and
Geriatric Psychiatry

Geriatric neuropsychiatry has a wide interface with geriat-
ric psychiatry and can be regarded as an integration of geri-
atric psychiatry and neuropsychiatry. Both geriatric psy-
chiatry and geriatric neuropsychiatry are concerned with
care, education, and research related to behavioral changes
in elderly individuals. The principal difference between
the two is one of emphasis. Geriatric neuropsychiatry em-
phasizes its relationship to the neurosciences, the applica-
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FIGURE 1–1. Geriatric neuropsychiatry is an integrative
discipline importing information from a number of specialties
relevant to behavioral alterations in elderly individuals.



tion of pharmacological treatments, and the assessment
and management of psychiatric aspects of neurological dis-
eases in elderly patients. Geriatric neuropsychiatry is com-
mitted to the proposition that the cure of neuropsychiatric
disorders of elderly patients, improved management of be-
havioral disturbances, and amelioration of adverse
age-related changes in brain function are linked to ad-
vances in neuroscience, as well as to progress in psychol-
ogy, sociology, and related disciplines. While accepting
the incontestable importance of social, cultural, and psy-
chological aspects of aging and diseases of the elderly pop-
ulation, geriatric neuropsychiatry emphasizes importing
and developing neuroscience information with the goal of
better understanding and treatment of disorders of the el-
derly.

Geriatric Neuropsychiatry and
Behavioral Neurology

No definitional boundaries exist between neuropsychiatry
and behavioral neurology or between geriatric neuro-
psychiatry and behavioral neurology. Traditionally, behav-
ioral neurology has been devoted to the study of “deficit
disorders” such as aphasia, amnesia, agnosia, and apraxia,
whereas neuropsychiatry has been concerned with the di-
agnosis and management of syndromes with “productive
symptoms” such as hallucinations, delusions, and mood
changes. In addition, behavioral neurologists usually have
been trained in neurology, whereas neuropsychiatrists usu-
ally have had a background in psychiatry. Neither neurol-
ogy nor psychiatry, however, completely prepares a clini-
cian for the broad range of behavioral disorders associated
with acquired and idiopathic brain dysfunction. Both disci-
plines produce behavioral neuroscientists who use similar
concepts to relate abnormal behavior to brain dysfunction.
Furthermore, individual patients often manifest both defi-
cit and productive disorders, making it imperative that cli-
nicians have knowledge of both neuropsychiatry and be-
havioral neurology. This knowledge is particularly
important in geriatric neuropsychiatry where the preva-
lence of acquired brain disease as a cause of altered behav-
ior is high.

A corollary of the absence of boundaries between be-
havioral neurology and neuropsychiatry is the transcen-
dence of traditional restrictive definitions of individual dis-
eases as “neurological” or “psychiatric.” Alzheimer’s
disease and Parkinson’s disease are examples of disorders
traditionally considered as “neurological,” whereas de-
pression and obsessive-compulsive disorder have been
thought of as “psychiatric.” Neither of these assumptions
proves to be true from the perspective of geriatric

neuropsychiatry. Alzheimer’s disease and Parkinson’s dis-
ease both have major behavioral manifestations, whereas
depression and obsessive-compulsive disorder are increas-
ingly well understood as brain disorders. It is ever more evi-
dent that designating disorders as “neurological” or “psy-
chiatric”—although convenient for some administrative
purposes—is arbitrary and may be misleading. These des-
ignations are clinically unhelpful and may hinder the evo-
lution of a behavioral neuroscience commensurate with
optimum patient care.

Geriatric Neuropsychiatry:
Clinical Training

There is a marked lack of availability of individuals with ex-
pertise in geriatric neuropsychiatry and a dearth of training
programs to provide experience in this area. This reflects
the widespread lack of training in clinical care and research
regarding both behavioral neuroscience and the care of el-
derly patients (Cummings et al. 1998). Few United States
neurology residencies provide formal research training
(Griggs et al. 1987), and only a small number of psychiatric
faculty members have postgraduate research training
(Burke et al. 1986). Geriatric psychiatry and geriatric med-
icine are decidedly understaffed (Rowe 1987; Small et al.
1988). Development of a cadre of individuals with expertise
in the assessment and management of geriatric neuropsy-
chiatric abnormalities is an essential response to the ex-
panding elderly population. Currently available training
programs are inadequate to meet the growing need.

Converging Information in
Geriatric Neuropsychiatry

The two principal dimensions in geriatric neuropsychiatry
are the psychiatric manifestations of neurological disor-
ders and the neurobiological basis of psychiatric illnesses.
One exciting aspect of contemporary neuropsychiatry is
the convergence of conclusions emanating from these two
avenues of research (Table 1–1). For example, Robinson
and Starkstein (1990) have demonstrated that depression is
most common among stroke patients when the
cerebrovascular lesion involves the anterior structures of
the left hemisphere, whereas studies of idiopathic depres-
sion have found evidence of reduced frontal lobe volume
(Coffey et al. 1993) and metabolism (Baxter et al. 1985,
1989). Thus, both avenues of investigation lead to similar
anatomical implications. Neuropathological investiga-
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tions in schizophrenia have revealed abnormalities in the
cellular architectonics in the temporal lobe (Altshuler et al.
1987), and studies of neurological disease with psychosis
demonstrated that the temporal lobe is a common site of
pathological changes (Cummings 1992b). Again, studies of
psychiatric and neurological disorders with similar symp-
toms suggest shared pathophysiologies.

In studies of idiopathic obsessive-compulsive disor-
ders, Baxter et al. (1987) found increased metabolism in the
orbitofrontal cortex, and Cummings (1993) observed that
obsessions and compulsions occur in neurological disease
when there is involvement of structures participating in the
frontal-subcortical circuit originating in orbitofrontal cor-
tical regions. Preliminary studies with positron-emission
tomography (PET) have suggested altered regional meta-
bolic activity in anxiety disorders (Reiman et al. 1989; Wu
et al. 1991), and anxiety symptoms have been associated
with structural lesions of related cortical areas in neurolog-
ical diseases (Drubach and Kelly 1989). The convergence
of information from the neurological and psychiatric ap-
proaches to neuropsychiatry has many implications. When
clinical neuropsychiatric symptoms are similar, even in
seemingly different disorders, there may be involvement of
the same underlying neuroanatomical structures and com-
mon pathobiological mechanisms. These observations
also support the use of the same therapeutic agents in pa-
tients with diverse underlying diseases but similar neuro-
psychiatric symptoms.

These convergent data in neuropsychiatric research
justify the working assumption of geriatric neuro-
psychiatry that the relationship between brain dysfunction
and behavioral disturbances is rule governed, that the axi-
oms relating structure and function are discoverable, and

that the rules will apply regardless of the etiology of the un-
derlying disorder (Cummings 1999).

Aging, the Brain, and
Geriatric Neuropsychiatry

The brain undergoes various neurochemical, structural,
and neurophysiological alterations in the course of normal
aging (Creasey and Rapoport 1985; see also Chapters 3, 9,
and 10 in this volume). Grossly, there is a small decrease in
brain weight in the course of normal aging with widening
of cerebral cortical sulci and enlargement of the lateral ven-
tricles.

Microscopically, neuronal loss occurs in specific corti-
cal and subcortical structures (Brody 1982; Terry et al.
1987). In addition, lipofuscin, granulovacuolar changes,
neuritic plaques, and neurofibrillary tangles also accumu-
late in the course of aging, and there is a progressive shrink-
age of the dendritic domain of some cortical and
subcortical neurons (Brody 1982).

Neurochemical changes also accompany aging. De-
creased activity of catecholamine synthesizing enzymes
and increased activity of monoamine oxidase (an enzyme
involved in catecholamine catabolism) have been docu-
mented (Bowen and Davison 1982; Van Gorp and Mahler
1990). These biochemical changes may underlie the
psychomotor retardation of elderly individuals, as well as
the mild parkinsonian habitus associated with aging, and
they may contribute to the occurrence of depression in el-
derly people (Veith and Raskind 1988). Neurochemical al-
terations may also have a role in the age-associated memory
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TABLE 1–1. Convergent results of investigations of the psychiatric complications of neurological
disorders and the neurobiological basis of psychiatric illness

Neuropsychiatric abnormality Neurological disorder Psychiatric illness
Depression Poststroke depression after left frontal

stroke
Reduced metabolism in the frontal lobes in

idiopathic depression with PET; reduced
frontal lobe volume in depression with
MRI

Psychosis Increased prevalence in temporal lobe
disorders

Histological changes in the temporal lobes
in schizophrenia

Obsessive-compulsive
disorder (OCD)

Increased prevalence of OCD in
diseases affecting frontal-subcortical
circuits originating in orbitofrontal cortex

Increased glucose metabolism in
orbitofrontal cortex in idiopathic OCD

Anxiety Occurs with lesions of the temporal cortex Increased blood flow in the temporal lobes
during episodes of anxiety

Note. PET = positron-emission tomography; MRI = magnetic resonance imaging.



impairment observed in elderly individuals (see Chapter 8
in this volume).

The underlying mechanisms of aging remain mysteri-
ous, but strides are being made in understanding some of
the processes that contribute to age-related changes in
function. Oxidative metabolism catalyzed by oxygen free
radicals damages enzymes, and this in turn leads to a re-
duced synthetic ability and compromise of the aged organ-
ism’s ability to respond to changing biological contingen-
cies (Stadtman 1992). Trophic factors may be responsible
for maintaining cellular connectivity, and changes in tro-
pism with aging may contribute to some age-related brain
alterations (Creasey and Rapoport 1985). Finally, some
cells have genetically determined life-spans, whereas other
cell populations manifest few, if any, changes in the course
of aging (Finch 1990). Deciphering the molecular mecha-
nisms responsible for programmed aging is critical to a
comprehensive understanding of the neurobiology of
aging.

The brain is continuously changing from its fetal de-
velopmental period through senescence. The changes as-
sociated with aging are not global, and they affect specific
cellular populations, structures, and transmitters more
than they do others. The temporal sequence of aging varies
among different structures. The neurobiological changes
of aging, as well as the differential involvement of func-
tional systems, may influence the types of neuropsychiatric
disorders to which elderly people are vulnerable.

Aging, Brain Diseases, and
Geriatric Neuropsychiatry

The emergence and growth of geriatric neuropsychiatry
are driven by four circumstances: 1) the growth of the size
of the elderly population, 2) the increased prevalence of
brain diseases among the elderly, 3) a high frequency of
psychiatric disorders among elderly people, and 4) the rec-
ognition that behavioral disturbances often are manifesta-
tions of brain dysfunction.

Demography of Aging

People over age 65 composed only 4% of the United States
population in 1900; this population will increase to 13% by
the year 2000 and to 22% by 2030 (Department of Health
and Human Services 1990; see also Chapter 2 in this vol-
ume). The growth of the old-old population is proceeding
at a disproportionately rapid pace. Those over age 80 num-
bered 6 million in 1985 and comprised 22% of the elderly
population; by 2005, 31% of elderly Americans will be over

age 80 (Torrey et al. 1987). In 1980, there were approxi-
mately 15,000 centenarians in the United States; this num-
ber increased to 25,000 by 1986 and is projected to reach
100,000 by the year 2000 (Spencer et al. 1987).

Aging and the diseases of elderly people present a
global challenge (Torrey et al. 1987). The world’s elderly
population is growing at a rate of 2.4% per year, faster than
the rest of the population. In 1985, there were 290 million
individuals over age 65 in the world; this number will rise to
410 million by the year 2000. Twenty-three countries had
2 million or more elderly individuals in 1985; 50 countries
will have this number by 2025. The growth of the world’s
elderly population will occur disproportionately in the
countries least able to provide services; by the year 2025,
69% of the world’s elderly people will live in developing
countries (Torrey et al. 1987).

Neurological Diseases With Behavioral
Manifestations Among the Elderly

The three neurological conditions most responsible for
neuropsychiatric morbidity in elderly individuals are
1) Alzheimer’s disease and other dementing disorders,
2) Parkinson’s disease, and 3) stroke. The prevalence of
dementia increases dramatically with age. A demographic
study of dementia in Stockholm, Sweden (Fratiglioni et al.
1991), found that 5.7% of individuals 75–79 years old had
mental status changes indicative of dementia, and 9.6% of
those 80–84 years old had dementia; the proportion rose to
20.4% in those 85–89 years old and to 32% in those over
age 90. Evans et al. (1989) found the rate of Alzheimer’s dis-
ease among the elderly in a United States community to be
3% in those 65–74 years old, 18.7% in those 75–84 years
old, and 47.2% in those over age 84. Parkinson’s disease
also exhibits an age-related prevalence. The reported fre-
quency varies among studies, but a representative investi-
gation (D’Alessandro et al. 1987) revealed a prevalence of
0.8% among people 55–59 years old, 3.8% in those 60–64,
5.7% in those 65–69, 12.4% in those 70–74, 19.5% in those
75–79, and 9.5% in those 80–84 years old. The prevalence
of stroke and vascular dementia likewise increases with age.
The prevalence of cerebrovascular disease rises from 2.3%
in those 55–64 years old to 4.2% in those 65–74, 8.1% in
those 75–84, and 10% in those over age 85 (National Cen-
ter for Health Statistics 1986). The cumulative prevalence
of neurological disease among the elderly and the chronic
nature of many neurological illnesses make brain diseases a
major source of morbidity and mortality among elderly in-
dividuals.

Neurological diseases of elderly people are often man-
ifested by alterations in behavior. The dementia syn-
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dromes are defined by loss of cognitive abilities, and many
patients with dementia also exhibit delusions, depression,
anxiety, agitation, and aggressiveness (Cummings and
Benson 1992; Cummings et al. 1987; Mega et al. 1997;
Merriam et al. 1988; Reisberg et al. 1987; Teri et al. 1988).
Dementia occurs in 41% of patients with Parkinson’s dis-
ease (Mayeux et al. 1992), and 40%–60% of patients with
Parkinson’s disease have depressive disorders, anxiety, and
apathy (Cummings 1992a). With treatment, hallucina-
tions and delusions may emerge. Eighty percent of strokes
involve the cerebral hemispheres, where they produce
neurobehavioral and neuropsychiatric syndromes such as
aphasia, amnesia, visuospatial disturbances, depression, or
psychosis (Beckson and Cummings 1991; Robinson and
Benson 1981). One-fourth of all patients hospitalized with
stroke meet criteria for vascular dementia (Hershey et al.
1987). Thus, behavioral disturbances are the principal clin-
ical manifestations of many brain diseases of elderly peo-
ple. Recognition and management of geriatric neuropsy-
chiatric disorders is critical in an aging society.

Psychiatric Illness in the
Elderly Population

Psychiatric illness is present in 12.3% of the elderly popu-
lation (Regier et al. 1988; see also Chapter 2 and Section III
in this volume). Approximately 5.5% of elderly individuals
have anxiety disorders (4.8% phobia, 0.1% panic), 4.9%
have severe cognitive impairment, 2.5% have a mood dis-
order (0.7% major depressive episode; 1.8% dysthymia),
1% manifest alcohol abuse or dependence, 0.8% have ob-
sessive-compulsive disorder, and 0.1% have schizophrenia
or a schizophreniform disorder. These figures were de-
rived from a household study (Regier et al. 1988) of individ-
uals in five United States cities using the criteria of
DSM-III (American Psychiatric Association 1980). In a
similar community survey (Myers et al. 1984), the four
most common psychiatric disorders in men over age 65
were severe cognitive impairment, phobia, alcohol abuse
and dependence, and dysthymia; in women of the same age,
the four most frequent diagnoses were phobia, severe cog-
nitive impairment, dysthymia, and major depressive
episode.

Thus, dementia, alcoholism, anxiety, and mood disor-
ders are the most common psychiatric conditions among
elderly people. Each of these diseases has an important
neurobiological dimension. Dementia is an overt brain dis-
order produced by Alzheimer’s disease, cerebrovascular
disease, or other encephalopathic processes (Cummings
and Benson 1992). In individuals with alcohol abuse, PET
reveals diminished brain glucose metabolism (Volkow et al.

1992), and dysfunction of basal ganglia–limbic circuits is
implicated in alcohol craving (Modell et al. 1990). Patients
with anxiety disorders have an increased frequency of
structural alterations of the right temporal lobe (Fontaine
et al. 1990), exhibit regional alterations in metabolism
(Reiman et al. 1989; Wu et al. 1991), and evidence func-
tional disturbances involving a variety of neurotransmitter
systems (Hoehn-Saric 1982).

Depression occupies a particularly important place in
geriatric neuropsychiatry. This disorder is disabling and
treatable and may occur for the first time in elderly individ-
uals. If not detected and treated, depression may be fatal;
men 65–74 years old have the highest suicide rate of any age
group in the United States (Department of Health and Hu-
man Services 1990). Imaging studies suggest that depres-
sion is associated with alterations in brain structure and
function, particularly in elderly people (see Chapter 13 in
this volume). Reported structural abnormalities include
cortical atrophy (especially of the frontal lobes), ventricu-
lar enlargement, and subcortical encephalomalacia
(Coffey 1996; Coffey et al. 1993; Duffy and Coffey 1997).
These findings may be related to the onset of mental disor-
ders in late life (Coffey 1991), and they are associated with a
poor long-term prognosis (Jacoby et al. 1981). Functional
imaging studies reveal evidence of altered regional cerebral
blood flow and metabolism in depressive disorders. The
frontal lobes are most prominently affected (Baxter et al.
1985, 1989; Duffy and Coffey 1997; Sackeim et al. 1990;
see also Chapter 13 in this volume). Although relatively few
studies have examined elderly subjects, data suggest that
functional brain imaging may be useful in distinguishing
the neurodegenerative dementias from the dementia of de-
pression. Together, these observations indicate that alter-
ations of brain structure and function may interact with the
aging process to facilitate the emergence of affective disor-
ders in late life.

Late-onset psychoses may occur, although they are con-
siderably rarer than late-occurring depression or anxiety (see
Chapter 14 in this volume). Investigations of patients with
late-onset delusional disorders reveal that about half have an
identifiable underlying brain disease (Leuchter and Spar
1985; Miller et al. 1992). Thus, delusions may be the herald-
ing feature of a neurological disease.

Together, these studies indicate that mental disorders
are an important aspect of geriatric care, that there is an
emerging understanding of the neurobiology of these psy-
chiatric conditions, and that brain abnormalities are associ-
ated with many late-onset psychiatric disturbances. Geri-
atric neuropsychiatry addresses both the neurobiology of
idiopathic psychiatric disorders and the psychiatric distur-
bances associated with neurological conditions.
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Cost of Brain Disorders

The annual cost of brain disease has been calculated, and
the yearly expense is staggering (National Foundation for
Brain Research 1992). The annual cost (direct and indirect
total) in billions of dollars for psychiatric illnesses is
$136.1; for neurological disease, $103.7; for alcohol abuse,
$90.1; and for drug abuse, $71.2. Together, these diseases
cost United States society $401.1 billion annually. Fifteen
percent of the average annual income of workers in the
United States is devoted to brain diseases. Although the
costs of diseases of the elderly were not separately calcu-
lated, dementia accounted for the largest share (45%) of
the costs of all neurological illnesses, and it is obvious that a
substantial share of the funds expended on brain disorders
concerns diseases of elderly patients.

Aging, Medical Illness, Drugs, and
Geriatric Neuropsychiatry

The rise of geriatric neuropsychiatry is fueled in part by the
marked rise in medical illness in the elderly population and
the increased frequency of associated behavioral distur-
bances. Medical disorders become increasingly common
among elderly people, medications are more frequently
administered, and there are changes in drug metabolism
with aging (see Chapter 31 in this volume). These alter-
ations create a neurophysiological setting that is conducive
to brain dysfunction and behavioral abnormalities (Figure
1–2).

Medical illnesses are common in elderly people, and
many of these affect brain function and produce behavioral
alterations. Among the 10 most common nonneurological
diseases of elderly people are hypertension, ischemic heart
disease, diabetes, and arteriosclerosis (Cassel and Brody
1990). These may involve the brain through direct mecha-
nisms such as stroke or through indirect mechanisms in-
cluding hypoxia and renal failure. Epidemiological studies
(Cohen-Cole 1989; Derogatis and Wise 1989) have re-
vealed that approximately 20% of patients with medical ill-
ness have significant depressive symptoms and 5%–20%
experience major depressive episodes; 10%–15% of pa-
tients with medical illness manifest anxiety disorders. The
coexistence of medical and psychiatric illness increases the
length of stay of hospitalized patients and is associated with
a poorer postdischarge prognosis (Mayou et al. 1991;
Saravay et al. 1991). Conversely, approximately 50% of el-
derly patients with psychiatric illness have significant med-
ical illnesses. Nearly 60% of these conditions are
undiagnosed before psychiatric admission, and in

10%–20% the behavioral changes are directly attributable
to the physical pathology (Koranyi 1982).

The high prevalence of medical illness among elderly
people results in an increase in the number of medications
ingested (see Chapter 29 in this volume). Elderly people
take more prescribed and over-the-counter medications
than any other age group. They comprise 12% of the popu-
lation and take 25%–30% of all prescribed drugs. The av-
erage older United States citizen receives 4.5 prescribed
medications, and two-thirds also take at least one
over-the-counter agent (Beers 1992; Lamy 1985). Forty
percent of the elderly individuals who take medications re-
ceive prescriptions from more than one physician, and
12% take drugs prescribed for someone else (Lamy 1985).
These practices are further complicated by intentional or
accidental noncompliance with prescribing instructions.
Up to 30% of elderly patients make serious errors in the
way they take their medications, and up to 50% default on
one or more prescribed agents (Lamy 1985).

Drug metabolism is altered in elderly patients, and the
changes may have marked consequences for brain function
and the treatment of behavioral abnormalities (see Chapter
34 in this volume). There is an increased sensitivity of re-
ceptors for most classes of drugs in the course of aging,
making lower levels more effective and “standard” doses
more likely to induce toxicity (Avorn and Gurwitz 1990).
Changes also occur in drug distribution with aging. There
is a relative increase in body fat and decrease in muscle; this
produces a greater volume of distribution for fat-soluble
drugs (e.g., benzodiazepines) and smaller volume of distri-
bution for drugs absorbed primarily in lean body mass (e.g.,
lithium). There is reduced liver blood flow and impaired
oxidative metabolism by hepatic enzymes in the course of
normal aging, leading to reduced hepatic metabolism of
many pharmacological agents. Renal function also declines
with age; glomerular filtration rate is reduced by approxi-
mately one-third in elderly individuals (Avorn and Gurwitz
1990). These changes all tend to increase the risk of toxicity
when medications are administered to elderly patients. Ad-
verse drug reactions account for 12%–17% of all hospital
admissions of elderly patients, and 21% of all elderly pa-
tients experience adverse side effects while in the hospital
(Davison 1985; Lamy 1985).

The higher frequency of medical illness in the elderly
population and concomitant need for more drug adminis-
tration place elderly patients at a substantially increased
risk of toxic-metabolic neuropsychiatric disturbances. De-
lirium, dementia, depression, mania, psychosis, and anxi-
ety have all been observed in patients with brain dysfunc-
tion secondary to systemic illnesses and drug toxicity
(Cummings 1985; Estroff and Gold 1986).
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Neuroimaging

The emergence of new diagnostic technologies has accel-
erated the development of geriatric neuropsychiatry.
Among these, neuroimaging has had the greatest impact.
Neuroimaging plays an increasingly large role in the diag-
nosis, differential diagnosis, and treatment monitoring of
behavioral disturbances in the elderly. Structural and func-
tional imaging has provided new insights into brain func-
tion, the pathophysiology of brain disorders, and the
neurobiology of normal aging.

Imaging brain structure, metabolism, and chemical
composition are now possible (Mazziotta and Gilman
1992). In addition, specialized techniques allow visualiza-
tion of arterial and venous blood flow. Images of brain
structure are generated by computed tomography (CT)
and magnetic resonance imaging (MRI) (see Chapter 4 in
this volume). These techniques reveal the brain structure
and the ventricular system. Tumors, large strokes, subdural
hematomas, large demyelinating lesions, arteriovenous
malformations, and hydrocephalus are demonstrated by
both techniques. MRI is more sensitive to changes in white
matter of the central nervous system and is superior to CT

in revealing evidence of ischemic and inflammatory dis-
ease.

MRI has been shown to have a potential role in pre-
dicting adverse responses to therapy. Patients with depres-
sion who have basal ganglia lesions and increased white
matter abnormalities are more likely to exhibit prolonged
interictal confusion during electroconvulsive therapy and a
higher frequency of antidepressant-induced deliria than
are elderly patients with depression who have normal MRI
results (Coffey 1996; Figiel et al. 1990). Elderly patients
with depression who have enlarged ventricles and cortical
atrophy may have a poorer prognosis for recovery than el-
derly patients with depression but without these structural
changes (Jacoby et al. 1981; Nasrallah et al. 1989).

Magnetic resonance spectroscopy is a specialized ap-
plication of magnetic resonance technology that allows the
determination of the concentration of specific chemicals in
the brain, and new fast imaging techniques using magnetic
resonance can be used to determine cerebral blood flow
(see Chapter 11 in this volume). The rapid advances in MRI
technology suggest that this tool will be of increasing im-
portance in neuropsychiatry (Prichard and Cummings
1997).

Except for the marked caudate nucleus atrophy associ-
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ated with Huntington’s disease, degenerative brain dis-
eases (e.g., Alzheimer’s disease and Parkinson’s disease)
produce no pathognomonic changes that are detectable on
conventional structural imaging. In these disorders, struc-
tural imaging techniques such as CT and MRI provide lit-
tle specific diagnostic information. Moreover, idiopathic
neuropsychiatric disorders such as depression, mania, psy-
chosis, and anxiety are not associated with diagnostic struc-
tural brain alterations.

Functional brain imaging such as PET and single pho-
ton emission computed tomography (SPECT) provides a
new approach to these neuropsychiatric disorders. PET
may be used to study cerebral glucose metabolism (with
radiolabeled glucose), cerebral blood flow (with radio-
labeled oxygen), and neurotransmitter function (with
radiolabeled receptor ligands and transmitters) (see Chap-
ter 10 in this volume). SPECT is typically used to measure
cerebral blood flow but may also be applied to assessment
of neurotransmitters and receptors. Degenerative diseases
and idiopathic neuropsychiatric illnesses may have distinc-
tive alterations on metabolic imaging studies. For example,
Alzheimer’s disease typically causes reduced metabolism or
perfusion in the temporoparieto-occipital junction region;
frontal lobe degenerations cause decreased metabolism or
perfusion of the frontal lobes; depression may be associated
with diminished frontal lobe metabolism; and obses-
sive-compulsive disorder has been shown to be associated
with increased metabolism of the orbitofrontal cortex
(Holcomb et al. 1989).

These investigations demonstrate that reliable rela-
tionships exist between behavioral changes and brain me-
tabolism or perfusion. Imaging research is beginning to
provide important insights into the pathophysiology of
neuropsychiatric disorders.

Advances in Treatment

The value of accurate diagnosis is enhanced when it pro-
ceeds in concert with advances in treatment. In this regard,
the past decade has seen an unparalleled increase in the
availability of medications to treat behavioral disturbances
(see Section V in this volume). Antidepressant agents have
proliferated and become highly differentiated, with rela-
tive selectivity for inhibition of reuptake of norepinephrine
or serotonin. A variety of anxiolytics have been discovered,
and the clinician can now choose an agent that best fits the
patient’s needs according to the rapidity of onset, duration
of action, and side effects. Conventional neuroleptic agents
are rapidly giving way to a new generation of novel
antipsychotic drugs that produces fewer acute or chronic

extrapyramidal side effects (Baldessarini and Frankenburg
1991). With the evolution of these agents, patients should
experience less risk of dystonia, parkinsonism, or tardive
dyskinesia as their psychiatric disorders are controlled.
The discovery that anticonvulsants such as carbamazepine
and sodium valproate have antimanic benefits has im-
proved the treatment of mania while emphasizing that
common neurophysiological processes are shared by some
neurological and psychiatric illnesses (Post et al. 1984).

Relevant advances also have been made in the pharma-
cological treatment of neurological disorders. Most re-
markably, vitamin E has been shown to slow the progres-
sion of Alzheimer’s disease (Sano et al. 1997). This
represents a revolutionary treatment advance and the first
success in intervening in a degenerative disease. The
neuroprotective action of vitamin E implies that the behav-
ioral aspects of Alzheimer’s disease such as depression and
dementia may also be delayed or ameliorated. In addition,
modest symptomatic improvement is observed in patients
with Alzheimer’s disease treated with cholinesterase inhib-
itors (Farlow et al. 1992; Rogers et al. 1998), and intensive
investigation at the molecular biological level has revealed
a systematic cascade of events with individual steps that
might be amenable to pharmacological manipulation.
Ticlopidine (a potent platelet antiaggregate) has been
shown to be more powerful than aspirin in preventing
stroke and improving the prognosis for patients with
cerebrovascular disease (Gent et al. 1989).

The rapid advances in neuropsychopharmacology
provide the clinician with a varied and powerful armamen-
tarium with which to meet the challenges of neuropsychi-
atric disease in the elderly patient. These developments
also require that the clinician be familiar with the
pharmacokinetics, side effects, and drug interactions of
each of these new agents (see Chapter 34 in this volume).
Geriatric neuropsychiatry is the clinical discipline com-
mitted to implementation of these advances for the benefit
of elderly individuals with behavioral disorders.

Geriatric Neuropsychiatry and
Ethical Issues

Ethical issues arise often in geriatric neuropsychiatry (see
Chapter 40 in this volume). The main challenges concern
the ability of individuals to take responsibility for their own
actions and the responsibility of society to preserve the
rights of elderly citizens. With regard to driving, for exam-
ple, at what point are the wishes of the patient to maintain
independence and mobility in conflict with the safety of

Geriatric Neuropsychiatry 11



other drivers and pedestrians who might be endangered by
the patient? At what point do patients relinquish their right
to make decisions regarding disposition of property and
money? When do they lose their right to decide when they
can no longer live at home? When do they need a surrogate
decision maker for questions of life support, treatment of
infections, and postmortem autopsy? Who should make
decisions for the patients when the patients themselves
cannot? Should such decisions be based on family beliefs
about what the patient would want, on advanced directives
from the patient, or on an assessment of the apparent daily
life satisfaction of the individual with dementia (Dresser
1992; Moody 1992; see also Chapter 32 in this volume)? Is
euthanasia a viable societal response to severe dementia?
These questions do not have categorical answers; they
must be answered individually for each patient, taking into
account the needs and abilities of the patient, the family
context, and other patient-specific contingencies.

Geriatric neuropsychiatric illnesses strike at the self
and alter the individual’s personal identity; whereas a pa-
tient may have pneumonia, he or she is “demented.” How
does and how should this change in identity affect decision
making for the patient? How can the dignity of the patient
be preserved when institutional caregivers know the per-
son only after the onset of disease and are unacquainted
with the unique biography of the individual under their
care? For the individual with dementia, how can extended
care become an extended meaningful life?

The great majority of elderly people, and many of
those in institutions, are competent, if physically infirm.
How can we best preserve their autonomy, dignity, and
quality of life? These ethical dilemmas must be given care-
ful consideration as the elderly population grows, more
and more elderly individuals require institutional care, and
the resources available to care for them come steadily un-
der more pressure.

An Agenda for Geriatric
Neuropsychiatry

Patient Care

The growth of geriatric neuropsychiatry can improve the
quality of patient care. Appropriate treatment of neuropsy-
chiatric illness depends on accurate diagnosis, and diagno-
sis in elderly patients depends on a comprehensive under-
standing of brain-behavior relationships. In addition,
diagnosis increasingly demands familiarity with neuro-
imaging, electrophysiology, and a variety of laboratory
tests, and geriatric neuropsychiatry incorporates data from

these techniques into diagnostic formulations. New medi-
cations have been developed and are able to effectively
ameliorate many behavioral disturbances and improve the
quality of life of elderly patients with brain disorders. Many
of these agents have potentially serious side effects, and
practitioners in this area must be familiar with the effects,
as well as the adverse consequences, of these new agents.

Education

The growth of the elderly population demands greater
availability of practitioners of geriatric neuropsychiatry
(Benjamin et al. 1995; Cummings and Hegarty 1994;
Cummings et al. 1998). This field incorporates informa-
tion from psychiatry, neurology, geriatrics, and neurosci-
ence. Training opportunities must be developed and ex-
panded.

Research

Geriatric neuropsychiatry is a nascent field (Cummings et
al. 1998). Its research agenda must include the application
of advanced technologies to diagnosis in the elderly popu-
lation: the usefulness of PET, SPECT, and magnetic reso-
nance spectroscopy has yet to be defined in detail. Their
sensitivity in early disease, specificity in differential diag-
nosis, and predictive ability for determining prognosis and
treatment response have not been established. The corre-
lations between behavior and metabolic and structural
brain imaging findings, as well as between behavior and
pathological alterations, must be described. Complex be-
havioral changes such as delusions and mood disorders are
unlikely to correspond to single specific lesions, and the
shared characteristics of lesions and conditions producing
similar syndromes demand investigation. New treatments
are continuously emerging and must be integrated into
clinical practice to provide the most benefit for elderly pa-
tients. The effects, side effects, and drug interactions of
these new agents must be discovered. Effective non-
pharmacological interventions must also be identified and
perfected. Molecular underpinnings of aging must be iden-
tified and explored. The appropriate ethical responses of
society to severe illness in elderly individuals must be care-
fully considered. Finally, a means of bridging the gap be-
tween neuroscience and human experience must be found.
Geriatric neuropsychiatry will succeed to the extent that
advances in the neurosciences can be related to the suffer-
ing of elderly people and its relief. We hold the conviction
that research advances will translate directly into improved
care and a higher quality of life for elderly individuals.
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2
Epidemiology of Aging

Roberta Malmgren, Ph.D.

Aging populations present one of the
world’s major health care challenges.

Industrialized countries currently face this challenge; but
developing nations, with anticipated increases in the
numbers and proportion of their elderly populations, will
also soon need to deal with problems of growing geriatric
populations (Holden 1996; Steel 1997). Concerns about
the elderly population arise from two characteristics of
that group: 1) the recent and continuing increases in the
population age 65 and older (“65+”) and 2) the increasing
number and severity of health problems associated with
aging. (Unless otherwise noted, “elderly” and “older peo-
ple” refer to people 65 years old and older.)

Epidemiology characterizes groups rather than indi-
viduals. As cultural background and gender play an impor-
tant role in an individual’s health, so, too, do characteristics
of an age group, such as the elderly, affect and reflect the
well-being of its members. Although the subject of this
book is neuropsychiatric disorders, it is important to un-
derstand how a range of other factors may affect the neuro-
psychiatric realm. Therefore, in this chapter my purpose is
to define the population at risk, the elderly, and to describe
some of the most salient epidemiological characteristics of
this population, particularly its physical health. The focus
is on the 65+ population in the United States. However,
most of the concepts and problems apply to other industri-

alized countries now and presage issues that will affect de-
veloping nations in the near future. What, then, are some
of the major epidemiological characteristics of the elderly?

Graying of the Population

One of the most remarkable and far-reaching demographic
developments of the 20th century has been the “graying” of
populations. This phrase often evokes the image of a hor-
rendous set of problems produced by increasing numbers
of elderly people. The specific problems—medical, social,
financial, and psychological—are not all necessarily new.
But what is unique are the great increases in the numbers
and proportions of older people.

The graying of the population has three components
(Table 2–1). First are the increases in the absolute numbers
of people 65 and older. Between 1900 and 1995, the num-
ber of elderly people in the United States increased
10-fold, from 3 million to almost 34 million. Second are the
increases in the proportion of the population that is elderly.
In 1900, the elderly were only 4% of the total United States
population; currently they are 13%. Third, the oldest old,
those who are 85 or older (“85+”), are growing as a propor-
tion of the 65+ group. In 1995, 3.6 million people in the
United States were 85 or older, almost 30 times their num-
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ber in 1900 and more than double their proportion in the
total elderly population.

Table 2–1 shows that the graying of the United States
population will continue well into the next century. In the
year 2030, there will be close to 70 million elderly people,
more than twice as many as there are now. As a proportion
of the total population, today one of eight Americans is 65
or older; in 2030, one of five will be. In the next century, the
85+ group will be one of the fastest growing age groups, in-
creasing from 3.6 million in 1995 to 18.2 million in 2050.
Currently, 11% of the elderly population is 85+; but in
2050, 23% of the 65+ group will be 85 or older. The major
reason for these rapid future increases in the 65+ popula-
tion is past increases in birth rates: the baby boomers, a
large cohort born between 1946 and 1964, will start to turn
65 in 2011, continuing to inflate the numbers of 65+ until
2030 (Day 1996).

Changing Racial Composition

In the coming century, the racial composition of the elderly
population will also change (Table 2–2). In 1995, 10% of
the United States elderly population was non-white. In
2050, almost one-fifth will be non-white. By 2050, the
black elderly population is projected to increase from 8%
to 11% of the 65+ group, whereas Hispanic elderly people
(who may be of any race) will have quadrupled as a percent-
age of the United States elderly population. By the middle
of the next century, the number of Asian and Pacific Is-
lander elderly will be almost 10 times their current number,
an increase from 1.9% to 6.6% of the total 65+ group.

Sex Ratio

Because of increased mortality rates among men, the ratio
of men to women decreases strikingly from ages 65–69 (83
men to every 100 women) to ages 90+ (when the ratio is 31
to 100) (Figure 2–1). Many social and medical conse-
quences of aging in developed countries are associated with

the sex ratio imbalance. With increasing age, women are
more likely to be unmarried and living alone (Saluter
1996). Both of these characteristics are linked to poverty
(Davis et al. 1997; Lewis 1997; Social Security Administra-
tion 1996) and other disadvantages, such as increased like-
lihood of admission to nursing homes (Davis et al. 1997;
Hing and Bloom 1990).

Marital Status1

Elderly men are more likely to be married, and elderly
women are more likely to be widowed. According to the
U.S. Bureau of the Census, in 1996 15% of all men 65+
were widowers, whereas 47% of all women 65+ were wid-
ows (Saluter and Lugaila 1998). As a corollary of this statis-
tic, 73% of elderly men lived with spouses compared with
40% of elderly women.

Living Arrangements

The percentage of elderly people living alone increases
with age and is greater for women than for men. In 1996,
15% of men 65–74 years old lived alone, whereas 31% of
women these ages did so; 21% of men 75+ lived alone com-
pared with 53% of women 75+ (Saluter and Lugaila 1998).

Income

The median income of the elderly population decreases with
age, is lower for nonmarried people, and is lowest for
nonmarried women (Social Security Administration 1998).
In terms of median income and total assets, today’s elderly
people are financially better off than those in the past (Hobbs
and Damon 1996; Social Security Administration 1996).
Nonetheless, in 1996, 13% of the United States elderly peo-
ple livedbelowthepoverty level andanother37%wouldhave
been below that level had they not had Social Security bene-
fits (SocialSecurityAdministration1998).Theriskofpoverty
ishigher forunmarriedpeople, for women, and for black and
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TABLE 2–1. Population 65 and older (65+)—United States, 1900–2050

Population 1900 1950 1995a 2010a 2030a 2050a

65+ population (in millions) 3.1 12.3 33.5 39.4 69.4 78.9
(As % of total population) (4.1%) (8.1%) (12.8%) (13.2%) (20.0%) (20.0%)

85+ population (in millions) 0.1 0.6 3.6 5.7 8.5 18.2
(As % of 65+ population) (4.0%) (4.7%) (10.8%) (14.4%) (12.2%) (23.1%)

aMiddle series projections.
Source. Adapted from 1900–1990: Hobbs and Damon 1996; 1995–2050: Day 1996.

1 Statistics for marital status, living arrangements, and income are all based on surveys of noninstitutionalized elderly.



Hispanic elderly people (Hobbs and Damon 1996; Social
Security Administration 1998).

Worldwide Aging

The aging of populations is a worldwide phenomenon. In
1995, 371 million people, 6.5% of the world’s population,
were 65+ (Table 2–3). Their numbers will almost double in
2020, when 9% of the world’s population will be 65+. In
that year, two-thirds of the world’s elderly people will live
in developing countries. In the year 2050, one of four peo-
ple in developed countries, and one of seven in developing
countries, will be 65 or older.

Life Expectancy

The single statistic that best summarizes a population’s
health is life expectancy—the average number of years of
life remaining at a certain age. Although life expectancy
from birth is the most commonly quoted, life tables gener-
ate life expectancy values for all ages of a population. Thus
we can compare the longevity of elderly people in different
groups or at different times using life expectancy at, for ex-
ample, age 65 or age 85.

Older Americans have many years of life yet to live. In
1995, a 65-year-old person had a life expectancy of 17.4
years—more than 20% of his or her life still remained (An-
derson et al. 1997). In the same year, a 75-year-old person
had an expected 11 more years of life, and an 85-year-old
could expect to live, on average, 6 more years. Life expec-
tancy for elderly people has, in general, been improving
since 1900. At the turn of the century, the life expectancy of
a 65-year-old person was 11.9 years and that of an
85-year-old person was 4.0 years (Statistical Bulletin of the
Metropolitan Insurance Co 1987). Thus in less than 100
years, life expectancy has increased by about 50% for older
Americans.

As is true of virtually all health measures, life expec-
tancy for elderly people varies by race and sex, with elderly
women having a definite, but decreasing, survival advan-
tage over men. Table 2–4 lists 1995 life expectancy for older
subgroups: a 65-year-old man had a life expectancy of 15.6
years; a 65-year-old woman, 18.9 years. For ages 85+,
male-female differences in life expectancy shrank to 1.1
years (5.2 for men versus 6.3 for women). For blacks and
whites as well, the gap in life expectancy narrows with age:
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TABLE 2–2. Racial and ethnic changes in population of people 65 and older (65+)—United States,
1995–2050 (middle series projections)

1995 2010 2030 2050
All non-whites
Population (in millions)

As % of total 65+ population
3.5

(10.4%)
5.0

(12.7%)
10.6

(15.3%)
14.4

(18.3%)

Blacks (in millions)
As % of total 65+ population

2.7
(8.1%)

3.4
(8.7%)

6.9
(10.0%)

8.6
(10.9%)

Asians/Pacific Islanders (in millions)
As % of total 65+ population

0.6
(1.9%)

1.3
(3.4%)

3.3
(4.7%)

5.2
(6.6%)

Native Americansa (in millions)
As % of total 65+ population

0.1
(0.4%)

0.2
(0.6%)

0.4
(0.6%)

0.6
(0.8%)

Hispanicsb (in millions)
As % of total 65+ population

1.5
(4.5%)

2.8
(7.2%)

7.8
(11.2%)

13.8
(17.5%)

aAmerican Indian, Eskimo, Aleut.
bHispanics may be of any race, including white, so sum of racial/ethnic subgroups exceeds “All non-whites.”
Source. Adapted from Day 1996.

FIGURE 2–1. Ratio of men to women, by age
group—United States, 1995.
Source. Adapted from Day 1996.



in 1995, the life expectancy of a 65-year-old white person
was about 2 years greater than that of a black person the
same age. However, at age 85, life expectancy of black peo-
ple was much closer to that of whites: black men and
women had life expectancies that were only 0.1 year less
than those of their white counterparts. This closing of the
gap of racial survival has been reported for many years and
reflects a phenomenon known as the “black-white mortal-
ity crossover”: at very old ages mortality rates for whites ex-
ceed those of blacks (Nam 1995).

Mortality Rates

Life expectancy, though a succinct summary of a popula-
tion’s health, tells nothing of the specific components of
survival: who dies, what people die from, and how these
causes change over time. Mortality data, from which life
expectancies are calculated, provide this information. In
the United States, 5 of every 100 elderly people die each
year (Table 2–5). Mortality rises dramatically with age: in
1995, the death rates were 2.6% for those 65–74 years old,

5.9% for those 75–84 years old, and 15.5% for those 85+.
Men are at higher risk of dying than are women; and, up to
very old ages, blacks have higher mortality rates than do
whites (National Center for Health Statistics 1997a).
However, with advancing age, differences in mortality
rates lessen between the sexes and between the races; and,
as noted previously, at very old ages, mortality rates for
blacks of both sexes become lower than those of whites.

High mortality rates in the elderly result in a large
turnover of this population in a short time and may result in
considerable changes in the characteristics of the 65+ pop-
ulation in a short period. Myers (1990) estimated that 50%
of those who were 65+ in 1970 had died by 1980. Thus the
elderly population in one decade may be quite different
from that in the next in terms of health, lifestyles, and atti-
tudes.

The three leading causes of death in elderly people are
heart disease, cancer, and stroke. In 1995, these accounted
for two-thirds of all elderly deaths (Anderson et al. 1997).
The major fatal cancers in elderly men are lung, prostate,
and colon; in elderly women, the major sites are lung,
breast, and colon (Yancik 1997). Chronic obstructive pul-
monary disease is the fourth leading cause of death, and the
combined category of pneumonia/influenza is the fifth.
This last cause particularly affects the oldest old: in 1995,
the pneumonia/influenza death rate among those 85+ was
18 times that of those 65–74 years old. In 1995, for the first
time in the history of vital statistics reports in the United
States, Alzheimer’s disease (AD) appeared as one of the 10
leading causes of death in the elderly, ranking number eight
in the 65+ population (Anderson et al. 1997) (see Chapter
24 in this volume).

In the United States, mortality has been declining for
all three older age groups for many years (Figure 2–2). Be-
tween 1950 and 1995, mortality rates for people 65–84
years old decreased by more than one-third; for those 85+,
the rates declined by approximately one-fourth (National
Center for Health Statistics 1997a). Much of this remark-
able decline in mortality is a result of improvements in car-
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TABLE 2–3. World population of people 65 and older, by region: 1995–2050 (medium variant projections)

1995 2020 2050

Region
Number

(in millions)
% of total
population

Number
(in millions)

% of total
population

Number
(in millions)

% of total
population

World 371 6.5 686 8.9 1,416 15.1
More developed regionsa 158 13.5 225 18.4 287 24.7
Less developed regionsb 213 4.7 461 7.1 1,129 13.8
aNorth America, Japan, Europe, Australia, New Zealand.
bAfrica, Latin America/Caribbean, Asia (excludes Japan), Melanesia, Micronesia, and Polynesia.
Source. Adapted from United Nations 1997.

TABLE 2–4. Life expectancy (in years) at ages 65,
75, and 85, by sex and race—United
States, 1995

All races White Black
At age 65

Men
Women

15.6
18.9

15.7
19.1

13.6
17.1

At age 75
Men
Women

9.7
11.9

9.7
12.0

8.8
11.1

At age 85
Men
Women

5.2
6.3

5.2
6.3

5.1
6.2

Source. Adapted from Anderson et al. 1997.



diovascular disease mortality (Bonita and Beaglehole 1996;
Centers for Disease Control 1997; Feinleib 1995; Hunink
et al. 1997). Between 1950 and 1995, the age-adjusted rates
for heart disease for the total United States population
dropped by more than 50%; those of stroke, by 70% (Na-
tional Center for Health Statistics 1997a). These improve-
ments occurred in the elderly population as well: in the past
45 years, death rates from both heart disease and stroke
have decreased in all three of the elderly age groups. Unlike
cardiovascular mortality, death rates for cancer have been
increasing in the elderly (Ries et al. 1998). These long-term
increases in cancer mortality have not been enough to
offset the effects of improved cardiovascular disease
mortality.

In developed countries, virtually all deaths are re-
corded, so that, of all health status measures, mortality data
are the most complete. Cause-specific mortality, however,
has a number of limitations, especially for older persons
(Havlik and Rosenberg 1992). Diagnostic accuracy of
cause of death partly reflects much lower autopsy rates in
the elderly (Smith 1997), as well as attending physicians’
perceptions of what is normal aging and what is disease. But
even with thorough medical assessment of an elderly dece-
dent, determining the underlying cause of death can be
difficult because of the presence of multiple, chronic dis-
orders.

AD exemplifies the limitations of mortality data. In a
1976 article on the senile type of AD, Katzman estimated
that it was the fourth or fifth leading cause of death in the
United States (Katzman 1976), although it was not listed
among the 263 leading causes of death listed in United
States vital statistics. (Until 1979, there was no specific
cause-of-death code for AD.) Katzman’s article greatly in-
creased awareness of AD as a major health problem of the
elderly population. Also, the International Classification
of Diseases (ICD), used to code conditions on death certifi-
cates, now has a unique number for AD (U.S. Department
of Health and Human Services 1980). Because there is now
a specific ICD code for AD and because of increasing phy-
sician awareness of this illness, increasingly more deaths
are appropriately attributed to this cause. However, even
with both improved recognition of AD and assignment of
an ICD code for it, current mortality rates still underesti-
mate the public health importance of this disease (Hoyert
1996). Many cases are undiagnosed (Small et al. 1997) or, if
diagnosed, AD may not be mentioned on the death certifi-
cate (Hoyert 1996).
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TABLE 2–5. Leading causes of death in the population 65 and older (65+)—United States, 1995

Death rates per 1,000 people
Cause 65+ 65–74 75–84 85+
All causes 50.5 25.6 58.5 154.7

Diseases of the heart 18.4 8.0 20.6 64.8
Malignant neoplasms 11.4 8.7 13.6 18.2
Cerebrovascular diseases 4.1 1.4 4.8 16.4
Chronic obstructive pulmonary diseases 2.6 1.6 3.5 5.3
Pneumonia and influenza 2.2 0.6 2.3 10.4
Diabetes mellitus 1.3 0.9 1.6 2.8
Accidents and adverse effects 0.9 0.4 1.0 2.7
Alzheimer’s disease 0.6 0.1 0.7 2.8
Nephritis/nephrosis 0.6 0.2 0.7 2.1
Septicemia 0.5 0.2 0.6 1.7

Source. Adapted from Anderson et al. 1997.

FIGURE 2–2. Death rates in the elderly population, all
causes—United States, 1950–1995.
Source. Adapted from National Center for Health Statistics
1997a.



Risk of Severe Medical Disease

The risk of developing a disease is not the same as the risk of
dying from it. Even diseases that are the leading causes of
death do not always result in death and so do not give a
complete picture of the occurrence of those diseases in a
population. The two epidemiological measures most often
used to describe the occurrence of disease are incidence
and prevalence. Incidence is the number of new cases of a
disease or condition arising in a population within a certain
period (usually a year). Prevalence is the number of existing
cases in a population at a certain point in time (or in a short
period). Though incidence is the only valid way to measure
risk of developing disease, incidence studies are usually ex-
pensive and time-consuming to conduct. Because of this
limitation, relatively few community-based incidence
studies have been conducted on even the three leading
causes of death: heart disease, cancer, and stroke. Fewer
still have collected information on any but the youngest of
the elderly. Where adequate data exist, they show that the
prevalence and incidence of severe diseases increase greatly
in elderly people.

Heart Disease

Four-fifths of all heart disease deaths in the United States
occur in people 65+ (Anderson et al. 1997). Yet there is re-
markably little population-based research on the risk of
this population developing heart disease. Rochester, Min-
nesota, has an excellent medical record linkage system that
covers virtually all residents (Leibson et al. 1992). In Roch-
ester, between 1979 and 1982, the average annual inci-
dence of coronary heart disease for people 70+ was 1.7/100
for men and 1.4/100 for women (Elveback et al. 1986). The
coronary heart disease rate in men 70+ was almost eight
times greater than that observed in 30- to 49-year-old men;
the rate in women 70+ was 24 times that of women who
were 30–49. As has been shown in other studies, older men
have a higher risk of heart disease than do women, but this
gender difference narrows with age (Burke et al. 1989;
Centers for Disease Control 1992b).

Unlike the clear decline in heart disease mortality over
the past three decades, evidence for decreases in risk of de-
veloping heart disease (incidence) is very limited. Further-
more, published reports on whether or not there have been
changes, and the direction of the changes, are mixed. In
Rochester, between 1965–1969 and 1979–1982, the risk of
myocardial infarction and sudden unexpected death de-
clined for 50- to 69-year-old men but increased for women
(Elveback et al. 1986). For those 70+, rates of these mani-
festations of heart disease declined only slightly over time

for men (9%) and not at all for women. Croft et al. (1997)
calculated changes in age-adjusted hospitalization rates for
heart failure in the 65+ population in the United States be-
tween 1986 and 1993: heart failure rates increased slightly
in this period. The Minnesota Heart Survey found no sig-
nificant changes in hospitalized myocardial infarction rates
in Minneapolis-St. Paul between 1970 and 1985 (Burke et
al. 1989). However, for the period 1985–1990, a slight de-
crease in hospitalization rates for acute myocardial infarc-
tion was found (McGovern et al. 1996). Sytkowski et al.
(1996) looked at long-term changes in risk of cardiovascu-
lar disease in three cohorts of Framingham, Massachusetts,
subjects (ages 50–59). The incidence of all cardiovascular
diseases decreased by 21% in women and only 6% in men.
Most of this decline occurred between 1950 and 1959, with
little changes later. For women, the greatest declines oc-
curred in the risk of having a stroke.

With so little change occurring in the risk of develop-
ing heart disease, what might be the reason for the large de-
cline in heart disease mortality? A number of authors re-
port improvements in survival of patients with heart
disease (Feinleib 1995; Massie and Shah 1997; McGovern
et al. 1996; Sytkowski et al. 1996). Thus, intervention ef-
forts appear to be less effective in preventing the onset of
heart disease than in reducing its severity (Hunink et al.
1997).

Cancer

The Surveillance and Epidemiology End Results program,
a major source of data on cancer incidence in the United
States, estimates that 60% of all new cancers in the United
States occur in the 65+ population (Yancik 1997) and that
people 65+ have a risk of developing cancer that is more
than 10 times that of those under 65 (Ries et al. 1998). The
leading cancer incidence sites in older women are breast,
lung, and colon. In men, they are prostate, lung, and colon
(Rosenthal 1998). As is true for cancer mortality, the inci-
dence rates of a number of neoplasms have increased in the
65+ population in the past two decades (Balducci and
Lyman 1997). Some of these increased rates may be a result
of improved detection methods, for example, prostate-
specific antigen screening (Stephenson and Stanford
1997). For other neoplasms, such as lung cancer, these in-
creases are a consequence of lifestyle differences,
particularly tobacco use, in older birth cohorts (Levi et al.
1996; Travis et al. 1996). Recently, certain types of cancer ap-
pear to be declining in some elderly subgroups: Travis et al.
(1996) report decreases in squamous cell carcinoma rates for
both black and white men under 75 years of age, as well as de-
clining small cell carcinoma rates for black men under 75.
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Stroke

More than heart disease or cancer, stroke is a disease of el-
derly people. Almost 90% of all stroke deaths occur in the
elderly population (Anderson et al. 1997). Stroke is also
one of the most disabling conditions to affect elderly peo-
ple (Kalache and Aboderin 1995; Verbrugge et al. 1989),
and its risk increases with age (Sudlow and Warlow 1997).
Well-designed studies of stroke incidence indicate that
2%–4% of the 85+ age group have a first-ever stroke each
year, and men have a somewhat greater risk of stroke than
do women (Malmgren et al. 1987). Some of the best evi-
dence for changes in stroke incidence with time comes
from Rochester, Minnesota, where average annual stroke
rates were calculated for 5-year periods starting in 1945
(Broderick et al. 1989). Between 1945–1949 and
1975–1979, total age-adjusted stroke rates dropped by
45% in this city (Figure 2–3). However, this decline was
followed by a 17% increase in stroke incidence between
1975–1979 and 1980–1984 (Broderick et al. 1989). Over
the 40-year period, changes occurred in all age groups, but
were most pronounced in the 85+ age group. The most re-
cent data from Rochester, for the years 1985–1989, show
that the stroke risk in Rochester has changed little com-
pared with that for the previous 5 years (Brown et al. 1996).

Neuropsychiatric Disorders

Dementia

Progressive loss of cognition and eventual total incapacita-
tion make dementia one of the most dreaded consequences
of aging. It is a major cause of functional disability

(Barberger-Gateau and Fabrigoule 1997) and the need for
long-term care, including admission to nursing homes
(Hing et al. 1989). Dementia is also an enormous burden to
family caregivers (Office of Technology Assessment Task
Force 1988; Schulz et al. 1995; Small et al. 1997).

If there is an “epidemic” among the elderly population,
it is AD and related dementias (see Chapter 24 in this vol-
ume). An estimated 4 million people in the United States
have AD, with a 6%–8% prevalence in the 65+ group and
30% in those 85+ (Small et al. 1997). Studies have been
done in many parts of the world and have produced widely
differing estimates of dementia prevalence (Corrada et al.
1995). However, for no other disorder of the elderly are
methodological issues of conducting community-based
studies so complex or variation in study design so great
(Chandra et al. 1994; Jorm 1991; van Duijn 1996). These
methodological variations, rather than true differences in
frequency of dementia, are a major reason why estimates of
prevalence rates of dementia are so disparate.

Another cause of differences in rates of overall preva-
lence of dementia is the type of dementia identified. The
Office of Technology Assessment Task Force (1988) lists
more than 80 conditions that cause or simulate dementia
(see Chapters 23 and 24 in this volume). In many countries,
AD is the most common cause and vascular dementia the
second most common (Hebert and Brayne 1995; Small et
al. 1997). The exact proportion of dementia attributable to
each cause depends in part on the stroke risk in the popula-
tion of interest: where stroke risk is higher, for example,
among blacks (Broderick et al. 1998; Centers for Disease
Control 1992a) or among Asian populations (Kalache and
Aboderin 1995; Malmgren et al. 1987; van Duijn 1996), the
proportion of dementia attributable to vascular causes will
be higher. Similarly, secular declines in stroke risk should
have an effect on the total risk of dementia, as well as on the
type of dementia seen.

Few population-based studies of dementia incidence
have been conducted (Keefover 1996; Kokmen et al. 1996).
In Rochester, Minnesota, data were collected on all new
cases occurring between 1970 and 1974 (Kokmen et al.
1988). The average annual incidence rates of all dementias
there were 1.4/1,000 for those 60–69 years old, 6.4/1,000
for those 70–79 years old, and 20.5/1,000 for those 80+. AD
was the diagnosis in 38% of new dementia cases in people
who were 60–69, 71% of those 70–79, and 82% in those
80+. Some studies suggest a somewhat greater frequency of
AD in women (Jorm 1990; Seshadri et al. 1997; Small et al.
1997); however, others find no significant differences by
sex (Corrada et al. 1995; Hebert and Brayne 1995; van
Duijn 1996).

Only a few studies have looked at secular changes in
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FIGURE 2–3. Average annual stroke incidence in the el-
derly population—Rochester, Minnesota, 1945–1984.
Source. Adapted from Broderick et al. 1989.



the incidence of dementia. In Lundby, Sweden, residents
were followed from 1947 until 1972 (Rorsman et al. 1986).
No change in the incidence of “age psychosis” was de-
tected. Similarly, in Rochester, Minnesota, incidence rates
for dementia were stable between 1960 and 1984, except
for a slight increase in the very old (Kokmen et al. 1996).

Other Mental Disorders

Except for dementia, the frequency of most mental disor-
ders does not appear to increase in the elderly population.
Though conducted 15 years ago, the Epidemiologic
Catchment Area Program still provides one of the largest
samples of population-based data on mental illness in el-
derly Americans (Eaton et al. 1989; Fichter et al. 1996). In
the early 1980s, staff from this research program inter-
viewed residents in five cities (Baltimore, Maryland; St.
Louis, Missouri; Los Angeles, California; New Haven,
Connecticut; and Durham, North Carolina), identifying
major types of mental disorders by using a questionnaire
based on DSM-III criteria (American Psychiatric Associa-
tion 1980). The prevalence of all types of mental disorder
in elderly people was 12.3%, lower than that for any other
age group (Regier et al. 1988) (Table 2–6). By type of disor-
der, the prevalence was also lower in all categories except
severe cognitive impairment: as measured by the
Mini-Mental State Exam (Folstein et al. 1975), 5% of the
elderly in this sample had severe cognitive impairment. For
some of the disorders, differences by sex were found: the
prevalence of alcohol abuse was six times greater in elderly
men than in elderly women (see Chapter 16 in this volume),
whereas the prevalence of affective disorders in women was
more than double that in men (see Chapter 13 in this vol-
ume). Elderly men had a higher prevalence of severe cogni-
tive impairment than did women at ages 65–74 and a simi-
lar rate at ages 75–84, but for those 85+, the prevalence in
men was less than half that observed in women (8.2% com-
pared with 19.5%).

The Epidemiologic Catchment Area Program re-

interviewed subjects 1 year after the baseline interview to
determine the incidence (rate of new cases) in their popula-
tion (Eaton et al. 1989). The authors found that the onset of
major depressive disorder was rare in elderly subjects (ex-
cept in St. Louis), as was the onset of panic disorders (see
Chapters 13 and 15 in this volume). Not surprisingly, the
risk of developing severe cognitive impairment increased
with age: approximately 5 of every 100 subjects 65+ devel-
oped severe cognitive impairment each year. Unlike the
prevalence data, the incidence of alcohol abuse increased
after age 60: in men 75+ older, the rate was six times as high
as that for men 65–74 (see Chapter 16 in this volume). For
women, the incidence was twice as high in the 75+ group as
in the 65–74 age group.

Reported prevalences of depression among the elderly
vary widely (Roberts et al. 1997). Low estimates may be a
result, in part, of methodological issues resulting in
underascertainment (Garrard et al. 1998; Heithoff 1995;
Pearson et al. 1997; Roberts et al. 1997; Slater and Katz
1995). Furthermore, depression is a significant cause of
morbidity and mortality in older people (Zisook and
Downs 1998). Suicide rates in older white males are cur-
rently the highest suicide rate of all age groups: in 1995, the
rates for white men were 30/100,000 for those 65–74,
48/100,000 for those 75–84, and 68/100,000 for the 85+
group (National Center for Health Statistics 1997a) (see
Chapter 13 in this volume). Since the early 1980s, the sui-
cide rates for white males 85 and older have been rising
(McIntosh 1995; National Center for Health Statistics
1997a). An urgent research question is whether or not the
incidence and prevalence of depression are also increasing
in this high-risk group (Roberts et al. 1997).

Prevalence of Chronic Conditions

In addition to their high risk of fatal illnesses, many older
adults suffer from less serious, but nevertheless affecting,
chronic disorders. A major source of information about the

24 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

TABLE 2–6. Epidemiologic Catchment Area Program 1-month prevalence of mental disorders in persons
65 and older (per 100 subjects)

Anxiety
disordersa

Severe cognitive
impairment

Affective
disordersb

Alcohol
abuse Schizophrenia

Antisocial
personality

Both sexes 5.5 4.9 2.5 0.9 0.1 0.0
Men 3.6 5.1 1.4 1.8 0.1 0.1
Women 6.8 4.7 3.3 0.3 0.1 0.0
aPhobia, panic, and obsessive-compulsive disorders.
bManic episode, major depressive episode, and dysthymia.
Source. Adapted from Regier et al. 1988.



prevalence of chronic conditions in the United States is the
National Health Interview Survey, a continuing survey of
the noninstitutionalized United States population (Havlik
et al. 1987). Table 2–7 lists 10 of the most prevalent chronic
conditions reported by the 65+ population. Almost 50% of
older Americans living in the community report that they
have arthritis, a third say that they are deaf or have other
hearing impairments, and 8% are blind or visually im-
paired (not corrected by glasses). Surprisingly, the preva-
lence of many of these conditions does not increase with
age. However, the National Health Interview Survey ex-
cludes nursing home residents. In very old subjects, some
of the listed conditions are likely to result in institution-
alization or death, removing subjects with these conditions
from the community-dwelling population. Incontinence,
too, is common among the 65+ population: Fultz and
Herzog (1996) estimate that 30% of noninstitutionalized
older people have urinary incontinence.

Many of the most prevalent conditions in the elderly
population are not fatal but still have a major impact on the
quality of life. Arthritis has been targeted as a major health
problem in the elderly because of its high prevalence and
impact (Boult et al. 1996; Callahan et al. 1996; Verbrugge
and Patrick 1995). Both visual and hearing problems often
lead to significant physical, social, and emotional problems
(Crews 1994; Jerger et al. 1995; Maino 1996). Inconti-
nence is associated with an increased risk of depression, so-
cial isolation, and institutionalization (Busby-Whitehead
and Johnson 1998; Thom et al. 1997).

Comorbidity

Comorbidity, the coexistence of multiple conditions, is
common in elderly individuals. The Supplement on Aging,
a supplement to the 1984 National Health Interview Sur-
vey, focused on the elderly population (Fitti and Kovar
1987). Half of the Supplement’s subjects 60+ reported two
or more of nine medical conditions, the most frequent
combination being arthritis and high blood pressure
(Guralnik et al. 1989). Comorbidity complicates diagnosis
and management of health problems in elderly patients and
is associated with a number of health problems, including
functional limitations (Guralnik 1996; Guralnik et al.
1996; Verbrugge et al. 1991) and mortality (Dunn et al.
1992).

Psychiatric disorders also often coexist with organic
illnesses of the elderly (Zisook and Downs 1998). For ex-
ample, depression is frequently reported in AD
(Cummings and Mendez 1997) (see Chapter 24 in this vol-
ume), stroke (Finch et al. 1992) (see Chapter 27 in this vol-
ume), and Parkinson’s disease (Tom and Cummings 1998)
(see Chapter 26 in this volume). Methodological problems
beset the accurate estimation of comorbidity and compli-
cate the determination of whether depression accompany-
ing organic illness is secondary or unrelated to the illness
(Tandberg et al. 1997). Moreover, these disorders have
clinical features that overlap with those of depression and
make assessment difficult (Kramer and Reifler 1992; Tom
and Cummings 1998; Zisook and Downs 1998). Whatever
the precise risk of depression in AD, stroke, or Parkinson’s
disease, any such comorbidity in these devastating disor-
ders will add to an already heavy burden of dysfunction. Be-
cause depression can often be alleviated in such patients, it
is important that they be evaluated for depression
(Cummings and Mendez 1997; Tom and Cummings 1998).

Functional Limitations

The well-being of the elderly population is measured pri-
marily in terms of functional abilities. Kane (1990) wrote,
“Function is the common language of gerontology” (p. 15).
Impairment of physical and psychological function is asso-
ciated with an enormous number of health problems, in-
cluding greater risk of specific conditions and injuries, such
as fractures, increased probability of institutionalization,
and higher mortality (Guralnik et al. 1996, 1997).

If, however, function is the lingua franca of geriatric
neuropsychiatric research and practice, it is a language
with many dialects: functional ability has many compo-
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TABLE 2–7. Percentage of self-reported
conditions of noninstitutionalized
elderly individuals—United States,
1990–1992

Age
Condition 65+ 65–74 75+
Arthritis 48 43 55
Hypertension 37 36 37
Hearing impairment 32 26 41
Heart disease 30 26 36
Deformity/orthopedic

impairment 22 20 24
Cataract 17 12 23
Chronic sinusitis 15 16 14
Diabetes 10 11 9
Tinnitus 9 9 8
Visual impairment 8 6 11

Source. Adapted from National Center for Health Statistics 1997b.



nents, and for each there is a multitude of assessment in-
struments (Guralnik and LaCroix 1992; Guralnik et al.
1996), each with its own set of problems of application and
interpretation (Rodgers and Miller 1997; Thomas et al.
1998; Wiener et al. 1990). In population-based surveys, the
most common assessments are of activities of daily living
(ADLs) and instrumental activities of daily living (IADLs).
ADLs reflect basic personal care activities: eating, bathing,
dressing, getting in and out of bed or a chair (“transfer-
ring”), using the toilet, and mobility. IADLs measure more
complex functions of daily living such as preparing meals,
using the telephone, managing money, and doing house-
work.

The Survey of Income and Program Participation,
conducted by the U.S. Bureau of the Census, provides esti-
mates of functional limitations for the noninstitutionalized
United States population. Figure 2–4 shows the percent-
age of elderly people who reported difficulties with ADLs.
Difficulty in walking was the most prevalent ADL limita-
tion: 14% of the 65+ group and 35% of those 85+ had prob-
lems walking. However, only 2% of all elderly in the com-
munity and 4% of those 85+ had difficulties with eating
activities. The most frequent IADL difficulty was with
light housework (Figure 2–5).

Most studies indicate that the prevalence of functional
limitations is greater in women than in men (Guralnik et al.
1996; Hobbs and Damon 1996; Manton 1997). This
increased prevalence in women appears to be a result
primarily of the longer survival of women with disabilities
rather than true differences in risk (i.e., incidence) of devel-
oping functional limitations (Guralnik et al. 1997; Manton
1997).

Institutionalization

For the elderly population, ultimate dependency is sym-
bolized by admission to nursing homes (see Chapter 37 in
this volume). Murtaugh et al. (1997) estimate that 40% of
all people reaching age 65 will enter a nursing home at
some time in their lives. Nevertheless, at any one time, the
proportion of the United States elderly population in nurs-
ing homes is not high. According to data from the 1995 Na-
tional Nursing Home Survey, the percentage of elderly in
nursing homes is 4.2% (National Center for Health Statis-
tics 1997a); but the percentage increases from 1% for those
65–74 years old to 5% for those 75–84 years old and to 20%
for those 85+. A greater proportion of women are in nurs-
ing homes, a difference that becomes especially pro-
nounced at very old ages (Figure 2–6). This disparity by sex
is the result of a number of factors including the higher
prevalence of disability among women and the fact that,
with their greater longevity, women are less likely to have
spouses available as caretakers (Chenier 1997). Older
whites are more likely to be institutionalized than elderly
blacks (Wallace et al. 1998).

Conclusions

Aging is associated with increased vulnerability to a num-
ber of interacting and accumulating disadvantages: physi-
cal, functional, social, psychological, and economic. As-
sessment of all these dimensions is needed to give a
complete picture of the health of the elderly individual
(Fillenbaum 1990; Turpie et al. 1997). Beyond the specific
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FIGURE 2–4. Activity of daily living (ADL) difficulties in
the elderly noninstitutionalized population, ages 65+ and
85+—United States, 1991. *Getting in and out of bed or chair.
Source. Adapted from Hobbs and Damon 1996.

FIGURE 2–5. Instrumental activity of daily living (IADL)
difficulties in the elderly noninstitutionalized population, ages
65+ and 85+—United States, 1991.
Source. Adapted from Hobbs and Damon 1996.



impact that each dimension has on the well-being of elderly
people, together they create a complex matrix of cause and
effect (Fried and Wallace 1992). Furthermore, the health
of an elderly person often greatly affects others. In 1991,
4.5 million elderly living in the community needed help
with ADLs (Hobbs and Damon 1996). More than
one-third of caregivers are themselves over 65 years old
(Stone and Kemper 1989). Informal caregivers, often fe-
male relatives, are at increased risk for health problems,
both physical and psychological (Chenier 1997; Schulz et
al. 1995; Wijeratne 1997). In many instances, the caregiver
is as appropriate an intervention target as the patient
(Chenier 1997) (see Chapter 36 in this volume).

Characterizing and treating health problems of the el-
derly population is much more complex than doing so in
younger groups. The traditional medical model of diseased
versus not diseased is often too simplistic to address health
issues in older populations, and health professionals need
to expand and refocus expectations regarding health and
prevention. As an example, elderly patients may have sev-
eral impairments, with no obvious link to a specific disease.
Halting or slowing progression of any one of these impair-
ments may make a critical difference in their quality of life
and ability to remain independent.

One of the most overlooked characteristics of the el-
derly population is its diversity in health. Age “65+” en-
compasses people whose ages range from 65 to greater than
100. Most research confirms that, with each successive 10
years of age, health worsens. Functional limitations, inci-
dence and prevalence of specific conditions, and mortality
all increase enormously. However, people who are ex-
tremely old (100+ years) appear to be healthier than those
just younger than them (Perls 1995, 1997; Smith 1996,

1997). Also, for every morbidity statistic presented in this
chapter, there is a complementary one of health. For exam-
ple, 75% of the noninstitutionalized elderly population re-
ceive no help with ADLs and IADLs (Hing and Bloom
1990); and four-fifths of the 85+ population live in the com-
munity, not in nursing homes (National Center for Health
Statistics 1997a).

The demographic heterogeneity of elderly Americans
explains, in part, the diversity of health. Sex and race are as-
sociated with different health risks (Manton 1997). As has
been described, women live longer than men, but risks for
specific types of morbidity vary between the sexes. The el-
derly population is also racially diverse. Each of the minor-
ity elderly groups in the United States has a different health
profile (Bernard et al. 1997; Clinics in Geriatric Medicine
1995; Markides et al. 1996; Mouton 1997; Tanjasiri et al.
1995). With future changes in the racial and ethnic charac-
teristics of the 65+ population, the health needs of Ameri-
can elderly will change as well.

As the 65+ population in the United States is diverse,
so are the elderly in other countries, both within those
countries and compared with the data presented in this
chapter. Although many of the general concepts outlined
here will apply to the elderly in other nations, measures of
specific morbidity, functional limitations, and institution-
alization are not always comparable. Even when standard-
ized methods are used to study the elderly populations of
other countries, cultural, social, and economic differences
may affect clinical presentation, as well as use of health
services.

Much has been written about the compression of mor-
bidity, that is, delaying or preventing the onset of illness
and disability so that the amount of active, self-sufficient
life in the elderly person increases as a proportion of total
life expectancy (Campion 1998; Diehr et al. 1998; Fries
1980, 1996; Katz et al. 1983). There is a great deal of debate
regarding whether many measures of health, such as func-
tional ability, are being compressed (Crimmins et al. 1997;
Kane et al. 1990). But there is no doubt that, according to
mortality and some morbidity measures, the health of the
elderly population is improving (Leibson et al. 1992;
Manton et al. 1998), or is at least susceptible to improve-
ment (Fried and Guralnik 1997; Fries 1997; Goldberg and
Chavin 1997; Vita et al. 1998). Increasingly there are calls
to study the vigorous, or successful, elderly (Rowe and
Kahn 1997) and to enhance life, as well as to extend it
(Lonergan 1991). More than for any other age group, the
health of the elderly population is a continuum, and their
heterogeneity strongly suggests that much ill-health in the
elderly is preventable.

Besides health, other factors are changing that are
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FIGURE 2–6. Percentage of elderly residents in nursing
homes, by age and sex—United States, 1995.
Source. Adapted from National Center for Health Statistics
1997a.



likely to have a positive effect on the well-being of older
people. For example, in 1991, 8.5% of noninstitutionalized
women 65+ had completed at least 4 years of college; this
percentage is expected to increase to 22% in the year 2030
(Hobbs and Damon 1996). Because of such changes,
women will be more able to make lives outside their imme-
diate families. When they reach advanced ages, these
women are likely to be more socially and financially inde-
pendent than their past cohorts.

In spite of much debate about the health and welfare of
our older population in the 21st century, much evidence
suggests that this group will be healthier and financially
more secure than the elderly of today (Vatter 1998). For ge-
riatric health professionals, a commitment to understand-
ing the unique characteristics of elderly people and the
complexity of their health will help ensure that, in the com-
ing century, these improvements will take place.
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3
Neurobiology of Aging

Richard E. Powers, M.D.

The human brain undergoes senescent
changes governed by a complex mixture

of biological, behavioral, and environmental factors. The
boundary between normal aging and age-related disease
can be difficult to mark. Most causes of age-related neu-
rological degeneration involve a combination of senes-
cent brain changes and physiological alterations outside
the central nervous system (CNS).

The human brain reaches full maturity in the second
or third decade of life, and senescent alterations usually be-
come apparent after age 40 to the neuropathologist. Each
human brain has a unique mixture of age-related alter-
ations that vary in pathology, location, and intensity. The
rate of progression ranges from linear to parabolic; how-
ever, the aging process is progressive in most instances.

Neuroscientists do not know whether human brain ag-
ing follows Gompertz Law, stating that mortality rates in-
crease exponentially with age. Theories attributed to the
gerontologist James Fries indicate that the body naturally
wears out around age 85 (Comfort 1979). Newer theories
suggest that death rates may level off for the oldest old
(Barinaga 1992). Biodemographic longevity studies show
deceleration of mortality rates after age 80 (Vaupel et al.
1998). The presence of dementia predicts poor 7-year sur-
vival after age 85 (Aevarsson et al. 1998).

Most mammalian species undergo neurological aging

identifiable with gross, microscopic, molecular biological,
and chemical techniques. These alterations may be af-
fected by genetic (Hayflick 1985) and environmental vari-
ables (Van Gool et al. 1987), as well as systemic disease out-
side the CNS. Human brain aging research is fraught with
conceptual and technical problems. Methodological prob-
lems limit the precision of comparing brain alterations to
behavioral changes in nonprimate species whose life cycle
is sufficiently short to allow easy study of aging (Baxter and
Gallagher 1996).

Theories of Aging

Many theories attempt to explain the age-related degener-
ation that occurs across mammalian species. Aging theo-
ries can be divided into the organ-based, physiological, and
genomic hypotheses (Hayflick 1985). Organ-based theo-
ries hypothesize that human aging results from incremen-
tal loss of organ function driven by the immune system or
alterations in neuroendocrine function of the CNS. Physi-
ological theories suggest that toxic levels of cellular waste
products accumulate over time resulting from free radical
damage, incapacitation of neuroprotective mechanisms, or
cross-linkage of vital molecules, for example, collagen, de-
oxyribonucleic acid (DNA), and vital proteins.
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The genomic theories hypothesize aging as the conse-
quence of somatic mutations, multiple genetic errors, or
programmed cell death. Life span studies suggest that
heritability accounts for less than 35% of variance in hu-
man survival duration. Human twin studies show that
nonshared environmental factors account for over 65% of
variance in survivals (Finch and Tanzi 1997).

A conceptual disagreement exists between theories
that human senescent brain alterations result from disuse
versus overuse (i.e., the “use it or lose it” theory) and those
that attribute aging to cumulative damage (i.e., the “wear-
ing it out” theory) (Davies 1991; Greenamyre 1991;
McEwen 1991; Scheff 1991; Swaab 1991). Most experi-
mental aging data come from nonhuman models and pro-
vide the basis for this conceptual disagreement. Mamma-
lian aging is most often described in the rodent, in which
metabolic rates may influence the rate of aging (Hofman
1983, 1991). A 40% reduction of rodent calorie intake will
extend life span by 40%–50%. Diminished feeding of ro-
dents will slow aging and prolong reproductive life span
(Swaab 1991). Such dietary restriction may lower oxidative
stress by slowing metabolism. Consistent exercise will en-
hance brain vascularity (Black et al. 1987). The effect of en-
vironmental factors on human aging is unknown, although
rodent studies demonstrate a positive relationship between
environmental stimulation and brain size (Anthony and
Zerweck 1979; Van Gool et al. 1987). The effect of chronic
physical and emotional stress on aging is unclear, but ele-
vated glucocorticoids are toxic to rodent hippocampal neu-
rons (Sapolsky 1987a, 1987b).

Aging and Genomic Function

The role of genetics in aging is illustrated by life spans that
vary from 1 day for mayflies to 150 years for some turtles.
The human aging process is accelerated as a consequence
of several common, complex genetic disorders, for exam-
ple, Turner’s and Down’s syndromes, but accelerated ag-
ing is the primary manifestation in several disorders
termed progeria, for example, Hutchinson-Gilford and
Werner’s syndromes (Brown 1990). Progeria is a rare syn-
drome occurring in 1 per 8 million individuals, and af-
fected patients survive about 12 years from birth. Most
victims (80%) die from myocardial infarctions produced
by disseminated atherosclerosis. These children retain
normal intellect but manifest many age-related physical
changes (e.g., cataracts, balding, osteoporosis, neo-
plasms). Werner’s syndrome may represent an autosomal
recessive disorder, and recent genetic evidence in Hutch-
inson-Gilford syndrome implicates a mutated DNA

helicase as the gene responsible for defective DNA metab-
olism producing the accelerated aging (Yu et al. 1996).
These rare disorders demonstrate the role of genetic dys-
function in systemic aging.

The role of genetic regulation on human brain aging is
lessclear,as is theeffectofagingongenetic function.Mostag-
ing research is conducted in rodents because methodological
obstacles limit thestudyofDNAandRNAobtained fromhu-
man brain tissues. Messenger RNAs for many proteins are
present in low abundance and are difficult to study in all spe-
cies (Finch and Morgan 1990). Integrity of genomic function
depends on accuracy of base-pair sequences, as well as on
histone content, three- dimensional conformation, methyl-
ation states, and multiple other biochemical variables that af-
fect the accuracy and speed of genetic transcription. Studies
in rodents and primates suggest that aging may simulta-
neouslyalterDNAbase-pair sequence,genetic repairmecha-
nisms, mRNA metabolism, posttranslational modification,
protein biochemistry, and axonal transport. Telomere loss
may control senescence and might constitute a “mitotic
clock” (Ehrenstein 1998; Fossel 1998). The telomere is syn-
thesized by the ribonucleoprotein enzyme telomerase, and
this segment of amino acid repeats is located at the ends of
each chromosome. Every human chromosome must have
telomeresof sufficient lengthtoensurereplicative function.A
threshold telomerase activity may be necessary to sustain suf-
ficient telomere length to protect this replicative ability.
Telomeric dysregulation may promote several age-related
diseases such as cancer or macular degeneration (Bodnar
1998).

Other genetic theories suggest that aging results from
multiple genomic errors accumulated over time. Experi-
mental models involving irradiated animals or others ex-
posed to mutagens fail to show accelerated aging (Hayflick
1985). Age-related reactivation of X-linked genes may in-
crease the expression in females of steroid sulfatase and
monoamine oxidase A (MOA-A) (Wareham et al. 1987).
Age-related demethylation of 5-methyldeoxycitidine can
also occur in aging. Aged rodent DNA shows age- dependent
changeofexcisionrepair andreductionof single-strandbreak
repair (Niedermuller et al. 1985). Nongenomic mitochon-
drial DNA lacks repair mechanisms. Specific biomarkers for
oxidative damage are increased 10-fold in human mitochon-
drial DNA over nuclear DNA and 15-fold in neuronal DNA
from individuals over age 70. Although mitochondrial DNA
exhibits high rates of age-related defects, mitochondria DNA
damage is not clearly linked to neuronal death (Tomei and
Umansky 1998). The quantity of mutated mitochondrial
DNAmay be small in comparison to the size of available ge-
netic material. Mitochondrial mutations may need to ex-
ceed 50%—80% of the mitochondrial genomic pool for
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clinical expression (Johnson 1999). The significance of cu-
mulative age-related oxidate damage to DNA is unclear
(Johnson et al. 1999).

Brain RNA content changes with age. The RNA rep-
ertoire is not drastically altered with aging; however, se-
lected RNAs are increased or decreased (Finch and
Morgan 1990). For instance, the abundance of pro-opio-
melanocortin mRNA decreases by 30% in aging rodents,
whereas luteinizing hormone-releasing hormone produc-
tion remains constant (Finch and Morgan 1990). Total
RNA content and poly(A) RNA do not significantly change
in aging rodent or primate brain, but selected human RNA,
such as tachykinin message in hypothalamus, is increased
(Rance and Young 1991). Reductions of nuclear or nucleo-
lar size in neurons of elderly humans suggest diminished
gene or RNA activity. Selected human neuronal popula-
tions have reductions in nuclear and nucleolar volumes that
reflect perikaryal atrophy. Nucleolar shrinkage may result
from decreased transcription of ribosomal RNA cistrons
and diminished assembly of ribosomes. Neuron popula-
tions damaged by neurofibrillary tangles have reduced
RNA metabolism as well (Doebler et al. 1987).

Studies in aging rodents show slowing of protein syn-
thesis and axonal transport. Increased amounts of
conformationally altered, inactive enzymes accumulate in
aging rodents (Finch and Morgan 1990; Ingvar et al. 1985).
Some proteins are produced simultaneously by astrocytes
and neurons. The interpretation of neuronal protein con-
tent is complicated by age- and disease-related increases in
the numbers of astrocytes (Frederickson 1992). For exam-
ple, stability in the number of adrenergic receptors in aging
rodents may reflect diminished numbers of neuronal re-
ceptors counterbalanced by increased numbers of
astrocytes with this molecule. The increased number of
astrocytes in aging human brain may obscure similar alter-
ations (Finch and Morgan 1990).

Age-related changes in posttranslational modification
of proteins can produce accumulations of advanced
glycation end-products in pyramidal neurons. The pro-
duction of these complex molecules is increased by oxida-
tive stress and inhibited by free radical scavengers or thiol
antioxidants (Münch et al. 1996, 1998). This family of
glycosylated proteins may contribute to free radical dam-
age, amyloid deposition, and neurofibrillary degeneration
(Münch et al. 1997).

Apoptosis

Apoptosis, a word derived from Greek apo (away from) and
ptosis (falling), refers to cell death mediated by intrinsic cel-
lular physiology. Multiple stimuli trigger apoptosis such as

DNA damage, steroid hormones, deficiency of trophic fac-
tors, and expression of specific genetic regulators like the
Bak gene (Johnson 1999; Obaini et al. 1999). Neuronal
apoptosis occurs during normal brain development as well
as in pathological states such as ischemia or β-amyloid pep-
tide toxicity (Bredesen 1995). The biochemical mecha-
nisms of neuronal apoptosis are unclear. Initiation factors
produce cellular alterations such as nuclear chromatin con-
densation and DNA fragmentation. Multiple cellular
events may induce this cascade including mitochondrial
dysfunction (Tatton and Chalmer-Redmon 1998).
Apoptotic neurons are difficult to identify, but research
suggests that apoptosis may occur in Alzheimer’s disease
and Parkinson’s disease (Bredesen 1995).

Aging and Oxidative Stress

Oxidative stress may contribute to aging and neuro-
degenerativediseases (Josephetal.1998;Mecoccietal.1993).
Oxidative damage is produced by extrametabolic insults, for
example, pollution and radiation or intrinsic metabolic
sources. Approximately 2%–3% of oxygen consumed by cells
results in oxygen-free radicals. Electron transport systems
within mitochondrial membrane produce oxygen-derived
superoxide (O2−) inresponse to freeradicalsaswell asmultiple
other toxic products, for example, hydrogen peroxide (H2O2)
and hydroxyl radicals (OH). Nitric oxide is another free radi-
cal that may contribute to N-methyl-D-aspartate–mediated
neurotoxicity from stroke.

Multiple antioxidant defenses remove excess superox-
ides and H2O2 including superoxide dismutase catalase and
multiple peroxidases. Glutathione, vitamin E, and ascorbic
acid also function as antioxidants.

Healthy aging may require a proper balance of free
radical production and detoxification. Oxidative stress may
result from increased sensitivity to free radical damage, de-
creased antioxidant protection, altered calcium homeosta-
sis, or impaired ability to repair damage. Human serum an-
tioxidant levels remain constant over time. Serum
antioxidant levels like those of ascorbic acid and β-carotene
are positively related to cognitive function in subjects over
age 65 (Perrig et al. 1997). Mitochondrial failure and free
radical damage are hypothesized causes of both Parkinson’s
and Alzheimer’s diseases as well as amyotrophic lateral
sclerosis (Beal 1998; Mizuno et al. 1998), supporting the
use of antioxidants to prevent neurological damage.

Normal Versus Abnormal Brain Aging

The neuropathological distinctions between “normal” ag-
ing and disease are frequently obscure and confused by
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conflicting literature. For example, senile plaques, amyloid
deposits, and cholinergic deficits were considered disease
markers until studies demonstrated similar alterations in
brains of some cognitively intact elderly humans (Ball et al.
1997; Berg et al. 1998; Braak and Braak 1997; Crystal et al.
1988; Jellinger 1997; Troncoso et al. 1996) (Table 3–1).
Subtle anoxic neuronal injury can be extremely difficult to
identify, and considerable ischemic damage may escape de-
tection by standard histopathological methods (Garcia
1992). Clinicopathological correlations can be confused by
the lack of diagnostic sophistication and understanding of
neurodegenerative disorders by pathologists (Powers et al.
1989). Some neuropathologists propose a continuum from
normal aging through pathological aging to disease states
(Dickson 1997). These unresolved clinical and pathologi-
cal distinctions between aging and disease will continue
until more sophisticated markers of disease are available
(Table 3–1).

Neurons, astrocytes, oligodendrocytes, microglia, and
blood vessels are the major cellular constituents of human
CNS (Figure 3–1). The neuropil is the woven fabric of the
cortex that includes neuronal and astrocytic processes. A
normal neuron has a large nucleus, prominent nucleolus,
conspicuous dendrites, and straight, thin axons that are dif-
ficult to visualize in routine preparations (Figure 3–1).
Neuronal atrophy is defined by a decrease in size of the cell
body (perikaryon), nucleus, and nucleolus and retraction
or loss of dendritic arborization. Neural vulnerability to
age-related damage depends on connectivity and neuronal
physiology. Senescent changes of glia and vascular tissue

may contribute to neural dysfunction or neurodegenera-
tive disorders as well as to atrophy or death of neurons.
Neurons do not replicate in the mature brain; however,
plasticity allows them to reorganize synapses and dendritic
arborizations. Age-related changes can influence the avail-
ability of a specific neurotransmitter by altering produc-
tion, release, reuptake, and transport. The number and af-
finity of receptors can either increase or decrease for
transmitters depleted by senescent changes. The molecu-
lar promoters of neuronal plasticity and reinnervation are
altered in aging. Trophic factors, such as nerve growth fac-
tor, may play important roles in preventing or slowing the
aging process. Each of these brain components changes
with senescence; however, none will discriminate normal
brain aging from disease. No scientific consensus exists for
the definition, causes, or consequences of normal brain ag-
ing. Few studies examine these issues in the very old (i.e.,
those who are over age 85).

In this chapter, I describe important gross, micro-
scopic, neurochemical, and molecular biological alter-
ations of aging human brain. Aging human neurons may
enter a complicated cascade of atrophy, hypertrophy, syn-
aptic reorganization, or death. The presence of changes
such as cortical atrophy, senile plaques, amyloid deposits,
or cholinergic deficits does not always predict neuropsy-
chiatric sequelae. The severity of histopathological alter-
ations, lesion location, and other cumulative brain damage
is also important.

Neuronal Alterations in Aging:
The Hippocampus as a Model

Normal Intrinsic
Hippocampal Connections

The hippocampus is frequently studied because most
mammalian species have hippocampi with well-defined
neuronal population, consistent morphology, and similar
connectivity (Rosene and Van Hoesen 1986). The hippo-
campus is the center of a series of interconnected structures
termed the limbic lobes (Figure 3–2).

The hippocampus is an allocortical structure (i.e.,
three-layered cortex) and adjacent parahippocampal cor-
tex is neocortex (i.e., six-layered cortex). These structures
are usually altered in human aging and damaged in
neurodevelopmental as well as neurodegenerative diseases
(Braak and Braak 1991; Powers 1999). Brain imaging
studies in large numbers of nondemented aged subjects
demonstrate hippocampal atrophy in 29% of normal el-
ders with diminished volume correlated to increasing age
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TABLE 3–1. Comparison of age- and
disease-related alterations usually
present in brains of elderly (65 years
or older) people

Pathology

Cortical alterations
in elderly,
cognitively

intact subjects

Cortical
alterations in
subjects with
Alzheimer’s

disease
Atrophy or

ventriculomegaly
0–2+ 0–3+

Senile plaques 0–2+ 3+
Neurofibrillary

tangles
0–1+ 0–3+

Presence of
amyloid

0–2+ 0–3+

Dystrophic
neurites

0–1+ 1+–3+

Note. 0 = none; 1+ = mild; 2+ = moderate; 3+ = severe.



(DeLeon et al. 1997) (Figure 3–3).
The hippocampus, entorhinal cortex, and associated

parahippocampal cortices span 3.5 cm of the mesial tempo-
ral lobe (Figure 3–2). The hippocampal formation is im-
portant for short-term memory, and transmission through
this allocortical structure proceeds in an orderly fashion
(Figure 3–3, panels A and B). Afferent inputs originate from
layer II of entorhinal cortex and synapse on dendrites of
granule cells in the molecular layer of the dentate gyrus
(Figures 3–3 and 3–4). Transmission proceeds to the
CA4-CA3 region via mossy fibers and then to the CA1
subiculum via axons termed the Schaffer collaterals. Infor-
mation is relayed out to the deeper layers of the entorhinal
cortex, that is, layer IV, and to neocortical regions such as
the temporal lobe (Figure 3–3, panel C). Important basal
forebrain cholinergic inputs project to the dentate gyrus
(Decker 1987) and synapse on the dendrites of granule cells
in the molecular layer (Rosene and Van Hoesen 1986).
Noradrenergic and serotonergic fibers project onto neu-

rons in the CA4 through CA1 (Powers et al. 1988; Rosene
and Van Hoesen 1986). Adrenergic and serotonergic re-
ceptors are present in hippocampus, and rodent studies
show that these catecholamines will facilitate or synchro-
nize hippocampal transmission (Rosene and Von Hoesen
1986).

GABAergic1 and peptidergic neurons are present in
CA4 and provide inhibitory transmission. Proper
hippocampal function depends on a balance of these exci-
tatory, inhibitory, and neuromodulatory transmitters.

Cellular Hippocampal
Alterations With Normal Aging

A range of neuronal alterations occurs in hippocampus of
aging human brains. An age-related decline in volume and
numbers of hippocampal neurons (Simic et al. 1997), par-
ticularly in CA1 and subiculum is confirmed by stereo-
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FIGURE 3–1. Normal neurons and reactive astrocytes.
Panel A: A silver preparation of human cerebellum demon-
strating Purkinje cell (arrow) with a prominent nucleus and
nucleolus. Many straight, thin axons are seen. Panel B: An
immunocytochemical stain of reactive astrocytes using anti-
bodies to glial fibrillary acidic protein (GFAP). These
astrocytes have many long, thin processes and variable
amounts of cytoplasm (arrow).

1 GABA, γ-aminobutyric acid.



logical techniques that provide the most accurate assess-
ments (West 1993). Older studies show that the number of
granule cell neurons in the dentate gyrus is reduced by 15%
when comparing young to old subjects (Dam 1979) (Table
3–2). These small neurons provide a useful model for
age-related changes (Figure 3–4). The dendritic tree of
granule cells increases in 50- to 70-year-old humans and
declines in the very old (those over 90) or those with Alz-

heimer’s disease (Flood and Coleman 1988). This prolifer-
ation may reflect attempts by intact granule cell neurons to
compensate for the senescent loss of neighboring neurons
(Flood et al. 1985). Loss of inputs from neurons in
entorhinal cortex results in sprouting by axons from other
afferent neurons to fill the vacant synapses. Collateral ax-
ons develop from cholinergic neurons, intrinsic hippo-
campal neurons, and neurons of other temporal lobe areas
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FIGURE 3–2. The limbic lobe is a system of intercon-
nected structures including temporal lobe (L1 and L2),
cingulate gyrus (L3), and basal forebrain (L4). This
mid-sagittal section of brain demonstrates corpus callosum
and mesial temporal lobe structures visualized after removal of
brainstem. Four major components of the limbic system in-
clude: 1) amygdala and associated uncinate cortices, 2) hippo-
campus and parahippocampal cortices, 3) cingulate gyrus, and
4) hypothalamus where the fornix enters the mammillary bod-
ies. The hippocampus courses lateral to the mesial temporal
cortex (L1 and L2), spanning approximately 3.5 cm of the
temporal lobe and swings around the splenium of the corpus
callosum. Entorhinal cortex spreads over the uncinate gyrus at
the level of rostral hippocampus (L1) and tapers down to a
narrow band of cells in mid-level hippocampus (L2).

FIGURE 3–3. Gross and microscopic appearance of hippo-
campus from elderly control subjects and an individual with
Alzheimer’s disease. A schematic drawing depicts hippocampal
neuronal pathways. (See Figure 3–4 for the cytoarchitectonics
discussed here.) Coronal hippocampal sections are dissected
from the mid-segment of mesial temporal lobe, that is, L2 in
Figure 3–2. Panel A: Comparison of temporal lobes and
hippocampi (arrows) from an elderly control subject (upper)
and a subject with Alzheimer’s disease (lower). A normal hip-
pocampus and inferior horn of lateral ventricle are seen in the
control subject. The subject with Alzheimer’s disease has atro-
phy of the hippocampus, widening of the collateral sulcus, and
ventriculomegaly. Panel B: A low-magnification photomicro-
graph of a normal hippocampus stained with cresyl violet.
Important anatomical regions include dentate gyrus (d), the
cornu ammonis (Ammon’s horn [CA4 through CA1]), the
subiculum (SUB), entorhinal cortex (ERC), parahippocampal
cortex (P) aside the collateral sulcus (CS), and fimbria (f).
This hippocampus is depicted in panel C. The granule cell
layer is part of the dentate gyrus. Boundaries between the four
fields CA4 through CA1 are determined by microscopic exami-
nation. Panel C: Schematic drawing of hippocampus depicting
the complicated neuronal interactions in a typical 65-year-old
human. Inputs from ERC neurons synapse on granule cell
dendrites in the molecular layer (ML) of the dentate (intact
afferents). Axons (mossy fibers) from the granule cells (GCL)
synapse on CA4-CA3 neurons that project to CAl-subiculum
neurons via Schaffer collateral axons. Neurons in
CA1-subiculum complete the loop with axons that synapse on
neurons in ERC or temporal cortex. Each granule cell neuron
is receiving many types of inputs from intact (IA) and dam-
aged afferents (DA), from temporal cortices (e.g., from
neurons in ERC), aminergic inputs from noradrenaline- or
serotonin-producing neurons in brainstem (Al), cholinergic
inputs from basal forebrain neurons, trophic factors (TF) such
as nerve growth factor, and inhibitory inputs (II) such as
γ-aminobutyric acid. Age-related decrease or loss of each type
of input can affect granule cell firing and synaptic density. The
vacant dendritic fields of some damaged granule cells may be
partially occupied by dendritic sprouting (S) from adjacent
healthy granule cells. Age-related loss of neurons in CA1 re-
gion or subiculum (Sub) will eliminate targets for axons from
CA3 neurons. Loss of neurons in deep layers of ERC will dis-
rupt outflow from CA1-subicular neurons. Hippocampal neu-
rons and astrocytes (A) also respond to alterations of
blood-brain barrier resulting from vascular damage (BV) such
as arteriolosclerosis. F = fimbria.
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(Geddes and Cotman 1991). Dendritic extent in the neigh-
boring CA3-CA2 region shows no change with aging (Fig-
ure 3–3, panel C), although neuronal loss may occur at up to
5.4% per decade from age 50 through 90 years (Ball 1977).
Dendritic length of CA1 neurons also remains constant in
normal aging but is significantly shortened in Alzheimer’s
disease (Hanks and Flood 1991). Loss of neurons may pro-
voke gliosis (i.e., increased numbers of astrocytes with
more conspicuous amounts of cytoplasm) (Figure 3–1,
panel B). Hippocampal neurons are sensitive to a range of
metabolic insults including hypoxia, hypoglycemia, and
excitotoxic damage. For example, the hippocampus con-
tains high densities of corticosteroid receptors. Elevation
of adrenal steroids causes dendritic regression in rodents
and may damage hippocampal circuits in humans
(McEwen 1998). Steroid sensitivity may provide a link be-
tween stress and structural brain alterations.

The number of entorhinal cortex neurons remains sta-
ble with normal aging. Stereological counts show that a
loss of 40%–60% of entorhinal neurons is required to pro-
duce mild cognitive impairment as opposed to 90% deple-
tions for severe dementia (Gomez-Isla et al. 1996). (Fig-
ures 3–3, panel A, and 3–4). Selective injury to one group of
neurons in the hippocampal circuit can disconnect the hip-
pocampus and is a mechanism proposed in Alzheimer’s dis-
ease (Hyman et al. 1984). Cholinergic, serotonergic, and
noradrenergic inputs can be lost early as a result of damage
to neurons in the basal forebrain (Decker 1987), raphe, or
locus ceruleus (Tables 3–2 and 3–3). Intrinsic hippocampal
neurons that employ excitatory amino acids can be dam-
aged by neurofibrillary tangles, ischemic injury, or other
processes. These processes, disturbing the inherent bal-
ance of excitatory and inhibitory transmission, also damage
intrinsic inhibitory GABAergic and peptidergic neurons.
While the process of neuronal injury and death proceeds,
undamaged hippocampal neurons attempt reinnervation
and reorganization (Figure 3–3, panel C).

Age-related alterations in hippocampus demonstrate
the complicated cellular events associated with aging and
the severity of cellular damage required to impair function.
Hippocampal circuits are important because they are se-
verely damaged in a range of neurodegenerative disorders
(e.g., Alzheimer’s and Pick’s diseases) (Hyman et al. 1984).
The resulting damage provides a model for aging of more
complex circuits in neocortical regions.

Structural Brain Alterations in Aging

Changes in Gross Anatomy

Normally, adult human brain volume varies by approxi-
mately 15% (Haug 1987) for given age groups. The aver-
age brain weight of a healthy man at age 65 is 1,360 g and at
age 90 is 1,290 g (Dekaban and Sadowsky 1978). The male
brain is typically 150 g heavier than the female brain. Gen-
der differences in neuronal counts vary from 0% (Haug
1987; Haug and Eggers 1991) to 16% fewer neurons in fe-
male brains (Pakkenberg and Gundersen 1997). Rates of
atrophy are similar among the sexes for some structures
(Kemper 1984), but not all (Coffey et al. 1998; Cowell et al.
1994; Kaye et al. 1992; also see Chapter 9 in this volume).
Brain volume for both sexes is reduced by 0.4% per year af-
ter age 60, as determined by radiographic measurements
(Akiyama et al. 1997). Autopsy studies show a loss of 2–3 g
per year after age 60 with an average lifetime loss of
7%–10% of brain weight (Table 3–2).

The dura mater contains the meningeal artery and
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FIGURE 3–4. Three types of cortex seen in human mesial
temporal lobe. (See Figure 3–3 for the macroscopic appear-
ance.) Panel A: Three-layered cortex from the CA3 region of
hippocampus. This allocortex has an outer layer consisting of
the alveus (a) and stratum oriens (so), a middle layer com-
prised of pyramidal cells (sp), and an inner layer comprised of
the stratum radiatum (sr) and stratum moleculare (sm).
Panel B: The entorhinal cortex, a transition region from
three-layered to six-layered cortex. Neurons in layer 2 (star)
are damaged early in pathological aging and Alzheimer’s dis-
ease. Panel C: Six-layered isocortex in the parahippocampal
gyrus.



venous sinus systems that include arachnoid granulations.
This fibrous covering can thicken and ossify with age. Cor-
tical atrophy expands the arachnoid space, increases the
length of bridging veins spanning from the cerebral hemi-
sphere to the sagittal sinus, and may account for the higher
rate of subdural hematomas in elderly people (Adams and
Duchen 1992; see also Chapter 28 in this volume).

Cerebral cortical volume is reduced in aging based on
premortem image analysis estimates (see Chapter 9 in this
volume) and autopsy studies. Postmortem brain volume

peaks in the second or third decade and begins a gradual de-
cline that is readily apparent after age 60 (Haug and Eggers
1991). The volume of the frontal lobes decreases approxi-
mately 10% with aging, and white matter is reduced 11%
when brain volumes from younger subjects (20–40 years)
are compared with those of elderly subjects (75–85 years)
(Haug and Eggers 1991) (Figure 3–5).

“Atrophy” is defined as widening of sulci and narrow-
ing of gyri (Figures 3–6, 3–7, and 3–8). Frontal (Figure
3–5), parasagittal, and temporal lobe atrophy are present in
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TABLE 3–2. Alterations in the number of neurons in selected brain regions of individuals over age 65

Location of
neuronal count Brain region Change in neuronal count Studies
Cortex Middle frontal gyrus 0–10%

28%–40% decrease in
large neurons

0–28% increase in
small neurons

Terry et al. 1987
Coleman and Flood 1987

Calcarine (area 17) None Leuba and Kraftsik 1994; Haug and
Eggers 1991

Hippocampus Ammon’s horn 19%–43% decrease Dam 1979; Simic et al. 1997;
West et al. 1994

Cerebellum Purkinje cell layer 10%–40% decrease Hall et al. 1975
Brainstem Substantia nigra 35% decrease McGeer et al. 1977

Locus ceruleus 0–40% decrease Mann et al. 1983; Ohm et al. 1997
Inferior olivary complex 0–20% decrease Moatamed 1966; Coleman and Flood 1987

TABLE 3–3. Senescent changes of selected cholinergic and catecholaminergic markers usually present in
aging human brain

Transmitter Location of neurons
Senescent change in
neuronal numbers

Receptor
location

Alterations of receptor
densities with aging

Acetylcholine Nucleus basalis of
Meynert

No change or decrease Neocortex Decrease in M1 and M2

Decrease in N
Medial septal region ? Hippocampus Decrease in M1, M3, and M4

Decrease in N
Serotonin Raphe ? Neocortex Decrease in 5-HT1

Decrease in 5-HT2

Noradrenaline Locus ceruleus Decrease Neocortex Decrease in α-adrenergic
Decrease in β-adrenergic

Dopamine Substantia nigra Decrease Basal ganglia Increase in postsynaptic D1

Decrease in postsynaptic D2

Decrease in presynaptic D1

Decrease in presynaptic D2

Note. Abbreviations and symbols: ?, definitive data unavailable; 5-HT1, serotonin (5-hydroxytryptamine), subtype 1; 5-HT2, serotonin, subtype
2; D1, dopamine, subtype 1; D2, dopamine, subtype 2; M1, muscarinic, subtype 1; M2, muscarinic, subtype 2; N, nicotinic.
Source. Adapted from Coleman and Flood 1987; Giacobini 1990; Gottfries 1990; Mendelsohn and Paxinos 1991; Muller et al. 1991; Court et al.
1997; Hubble 1998.



both aging and Alzheimer’s disease (Blessed et al. 1968;
Kemper 1984; Tomlinson et al. 1970) (Figure 3–8). Severe
cortical atrophy is rare in individuals whose cognition is in-
tact (Table 3–1); however, mild to moderate ventriculo-
megaly is sometimes present (Blessed et al. 1968; Kemper
1984; Tomlinson et al. 1970) (Figure 3–5). The volumes of
basal ganglia and thalamus are reduced by approximately
20% in aging (Haug et al. 1983; Murphy et al. 1992). The vol-
ume of the parieto-occipital region is found to be constant
(Eggers et al. 1984) when comparing autopsy specimens from
young individuals (20–40 years) to subjects over age 75.

Cellular Changes in Aging
The cellular substrate of brain volume reduction is ob-
scure. Atrophy may result from a net loss of neurons,

neuronal perikaryal volume, fibers, and synapses. The
number of neurons in human brain ranges from 13.9 bil-
lion in both sexes (Haug and Eggers 1991) to 19 billion in
females and 23 billion in males (Pakkenberg and
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FIGURE 3–5. Normal age-related atrophy. Coronal brain
sections of frontal and temporal lobe contrast brain atrophy in
an 85-year-old patient with nonspecific age-related atrophy
(bottom) in a 15-year-old with a brain weight of 1325 g (top).
Volume loss occurs in frontal, parasagittal, and temporal
cortices.

FIGURE 3–6. The coronal sections of normal (panel A) and
atrophic (panel B) brain. Panel A: The brain from a 67-year-
old control subject with minimal atrophy and normal ventricle
size. The anterior commissure is highlighted by arrowheads,
and the nucleus basalis of Meynert (nbM) is seen immediately
beneath the anterior commissure (arrow). Normal-appearing
amygdala (Amy) and superior temporal gyrus (Stg) are pres-
ent. The third ventricle is normal in size, and hypothalamic
nuclei are located immediately adjacent to the third ventricle.
Histological examination of this brain showed occasional se-
nile plaques. Panel B: A coronal brain section from a
70-year-old subject with Alzheimer’s disease demonstrating at-
rophy, ventriculomegaly, and dilation of the lateral sulci. The
inferior horns of the lateral ventricles (arrows) and lateral ven-
tricles are dilated. The hippocampus, entorhinal cortex, and
amygdala are reduced in volume. The third ventricle is mod-
erately dilated. Histological examination of this brain showed
high densities of senile plaques, neurofibrillary tangles, and
neuronal loss (see Figure 3–10).



Gundersen 1997). Although early studies described gener-
alized senescent neuronal loss (Brody 1955), reports show
relatively stable numbers of cortical neurons in many brain
regions as compared with those found in younger subjects
(Haug and Eggers 1991). Stereological methods demon-
strate a 10% reduction in neuronal numbers through age
90 (Morrison and Hof 1997). Hippocampal and subcortical
neurons are depleted in subjects over age 65 (Coleman and
Flood 1987; Katzman et al. 1988) (Tables 3–2 and 3–3).
Some discrepancies may result from methodological prob-
lems, such as variations of sampling, and shrinkage artifact.
Several authors (Haug 1987; Haug and Eggers 1991; Haug
et al. 1984) have demonstrated stable numbers of cortical
neurons with age-related reduction of neuronal perikaryal

diameter and diminished cortical thickness (Table 3–2).
This neuronal atrophy begins around age 60 and may be
layer specific. For example, neurons in layer 3 of gyrus
rectus are shrunken, but those in layer 5 remain constant in
subjects over age 65 (Haug et al. 1984). Neuronal atrophy is
reported after age 40 in a few cortical regions, such as area 6
(Haug and Eggers 1991). Neuronal shrinkage may explain
the net increase in the numbers of small neurons with aging
(i.e., shrunken large neurons are counted with small neu-
rons) (Finch 1993). Dendritic changes are common in ag-
ing neurons. Dendritic atrophy begins with loss of den-
dritic spines followed by alterations of horizontal branches
and final loss of the dendritic shaft. Quantitative studies us-
ing Golgi stains of cortical areas 10 and 18 from aged hu-
man brains demonstrate an 11% reduction of dendritic
length, but a 50% reduction in numbers of dendrite spines
when compared with subjects under age 50 (Jacobs and
Driscoll 1997).

Synaptic density declines with aging (Haug and Egg-
ers 1991), and presynaptic terminals are reduced by 20%
over age 60 (Masliah et al. 1993). Synaptic proteins associ-
ated with dendritic or axonal structural plasticity that con-
trol remodeling are reduced with aging (Hatanpaa et al.
1999). Brains showing Alzheimer’s disease have substantial
synaptic loss, and tangle-bearing neurons contribute to
this reduction (Callahan and Coleman 1995; Dickson et al.
1995). Senescent reduction of synaptic numbers varies by
brain region. Haug and Eggers (1991) cited stable numbers
of synapses in area 6 but diminished (10%) numbers in area
11 (gyrus rectus) of subjects over 65. Synaptic damage may
better predict functional loss than neuronal depletion pre-
dicts it. Rodents with hippocampal learning deficits and
normal numbers of hippocampal neurons (Rapp and
Gallagher 1996) demonstrate that clinical deficits may oc-
cur from synaptic loss rather than neuronal depletion. The
age-related regression of synaptic density predicts synaptic
numbers similar to those in demented patients at age 120
(Katzman 1997).

Reduction in the volume of neurons may be offset by a
net increase in the number or volume of astrocytes. Studies
in aged rodents and humans have demonstrated increased
glial fibrillary acidic protein (Figure 3–1), an intermediate
filament specific for astrocytes, and increased glial markers
(e.g., glutamate synthetase) (Finch and Morgan 1990;
Frederickson 1992). However, some authors have de-
scribed a minimal increase in astrocytic numbers in aging
(Haug and Eggers 1991; Haug et al. 1984). A distinct popu-
lation of astrocytes in the hippocampus, striatum, and
periventricular zones of normal age subjects accumulates
cytoplasmic inclusions that may result from oxidative stress
(Schipper 1996).
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FIGURE 3–7. Disease-related brain atrophy: Panel A:
Demonstrates the external features from elderly subjects not
demented (left), moderately demented (middle), and severely
demented (right). The brain volume is reduced, and gyral at-
rophy becomes more conspicuous. Panel B: Coronal sections
through each brain demonstrate moderate atrophy seen in a
patient with moderate dementia and severe atrophy present in
a patient with end-stage Alzheimer’s disease. Note the volume
reduction of temporal lobes.



Postmortem morphological studies of aged brains
demonstrate variable neuronal loss, relative stability of
dendritic length but significant reductions in numbers of
dendritic spines and synapses. Neuronal plasticity contin-
ues into later life and the loss of spines and synapses may be
altered by life-long cognitive stimulation.

Alterations of White Matter With Aging

The integrity of myelin and oligodendrocytes is important
to neural transmission, and alterations of white matter oc-
cur in aging. Brain imaging changes of white matter pa-
thology are extensively reviewed elsewhere (see Chapter 9
in this volume), and white matter ischemia is described
elsewhere in this chapter.

Standard autopsy techniques were used to show an
11% reduction in total white matter volume of elderly sub-
jects (Haug and Eggers 1991). With stereological methods,
a 15% age-related reduction in white matter and 17% re-
duction in total volume of myelinated fibers are estimated,
although individual variation is so great that these alter-
ations were not statistically significant (Tang et al. 1997).
The estimated total length of myelinated fibers in white
matter was 118,000 km in young versus 86,000 km in old
subjects. The 27% loss of myelinated fibers may explain di-
minished white matter volume (Tang et al. 1997). Other
postmortem studies demonstrate age-related loss of white
matter volume up to 28% (Pakkenberg and Gundersen
1997), with estimates of white matter loss of 2 mL/year
over age 60 (Double et al. 1996).
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FIGURE 3–8. Comparison of the supratemporal plane (STP) of an 82-year-old control subject (panel A) with that of a patient
with Alzheimer’s disease (panel B). The temporal poles are oriented upward, and the superior surfaces of dissected temporal lobes
are shown. The three main components of the supratemporal plane include the superior temporal gyrus (STG), the transverse
temporal gyrus (TTG), and the planum temporale (PT); these appear normal in panel A. The supratemporal plane from the sub-
ject with Alzheimer’s disease demonstrates severe atrophy of superior temporal gyrus (auditory association cortex); however,
transverse temporal gyrus (primary receptive cortex) is less severely shrunken. Association cortex is preferentially damaged in Alz-
heimer’s disease over primary sensory cortex.



Studies in human occipital cortex from ages 30
through 90 reveal a linear, age-dependent myelin loss in
the stripe of Gennari (Lintl and Braak 1983). The optic
nerve loses more than 5,600 axons per year (Lintl and Braak
1983) from childhood through senescence. Morphological
data on white matter are limited by methodological prob-
lems with measuring the volume of myelin or packing den-
sities of axis cylinders in postmortem material.

The confusing clinical and radiographic terminology
for white matter alterations includes subcortical hyperin-
tensities, leukoaraiosis (Hachinski et al. 1987), subcortical
encephalomalacia, Binswanger’s disease, and subcortical
arteriosclerotic leukoencephalopathy (Coffey and Figiel
1991; Giaquinto 1988). White matter lucencies are re-
ported in 4%–35% of computed tomography evaluations
of elderly individuals and up to 92% of magnetic resonance
imaging examinations of elderly control subjects (Awad et
al. 1986; Coffey et al. 1992). White matter alterations are
also present in Alzheimer’s disease (Bennett et al. 1992), de-
pression (Coffey et al. 1993), hypertension, and cardiovas-
cular disease (see Chapter 9 in this volume).

Neuropathological correlates to radiological white
matter lesions range from normal myelin to Binswanger’s
disease (Coffey and Figiel 1991; Gupta et al. 1988;
Kirkpatrick and Hayman 1987; Sze et al. 1986). Hyperten-
sive vascular changes (i.e., arteriosclerosis) are frequently
noted (Inzitari et al. 1987) in areas of abnormal white mat-
ter, as are dilated perivascular spaces and vascular ectasias
(Awad et al. 1986; see also Chapter 9 in this volume) (Figure
3–17, panel A).

Although the number of brain astrocytes increases
with age (Figure 3–1), alterations in the number of oligo-
dendrocytes are not reported. Some oligodendrocytes in
aging monkeys demonstrate bulbous inclusions and myelin
degeneration (A. Peters 1996). Few studies have examined
the composition of myelin and the biological activity of
oligodendrocytes in aging human brain. No evidence exists
indicating that aging oligodendrocytes develop degenera-
tive changes (as found in neurons) or hypertrophy (as found
in astrocytes). The composition of myelin and
phospholipids remains relatively constant over time.

Molecular Neuropathology of Aging

Aging neurons undergo a series of histological and molecu-
lar biological changes. Lipofuscin, a brown, wear-and-tear
pigment, begins to accumulate within neuronal bodies
(Figure 3–9, panel A). Neuromelanin, a brown pigment
common to catecholamine-producing neurons, becomes
visible in the brains of adolescent humans and progres-
sively accumulates over years (Graham 1979) (Figure 3–9,

panel B). Neuronal inclusions, such as Hirano bodies, and
granulovacular degeneration begin to appear in hippo-
campal pyramidal neurons (Figure 3–9, panels C and D).
Lewy bodies are seen usually in catecholamine-producing
neurons and occasionally in cortical neurons (Figure 3–9,
panel E). Corpora amylacea, dense spherical inclusions, ap-
pear around the ventricles and in the neuropil, where they
are numerous in aging and neurodegenerative disorders
(Adams and Duchen 1992).

The neuronal cytoskeleton undergoes important,
age-related alterations. The cytoskeleton is the delicate
meshwork of microtubules, neurofilaments, and other pro-
teins (e.g., microtubule-associated proteins). This matrix,
barely visualized with the electron microscope, provides
structure to neurons and organizes neuronal transport.
The cytoskeleton is a dynamic system constantly cycling
through production, transport, and degradation (Peng et
al. 1986). Age-related alteration of axonal transport in hu-
man neurons is unknown, but slow transport is decreased
by 30% in aging rodent brain (Finch and Morgan 1990).
The production of antibodies to specific cytoskeletal anti-
genic sites (i.e., epitopes) allows the identification of mo-
lecular constituents within neurons. Immunocytochemical
methods show abnormal collections of cytoskeletal con-
stituents in neurons of human neocortex and allocortex in
the fifth or sixth decade before developing neurofibrillary
tangles (Figure 3–10, panel A). For example, phos-
phorylated neurofilament epitope is normally present in
the axon, but not in the neuronal perikarya (Goldman and
Yen 1986). Immunocytochemical methods demonstrate
accumulation of phosphorylated neurofilament epitope in
the body of aging neurons.

Microtubules serve as an intracellular ladder with
microtubule-associated proteins as the rungs. Kinesins are
specific motor proteins that pull materials, for example,
vesicles, down the ladder through the axon (Mandelkow et
al. 1995). Hyperphosphorylation of tau is integral to paired
helical filaments (Morishima-Kawashima et al. 1995). Tau,
a low-molecular-weight, microtubule-associated protein,
is present in most forms of age- and disease-related micro-
scopic pathology. Tau gene mutations are implicated in
frontotemporal dementia (Tolnoy and Probst 1999).

Cytoskeleton is a major constituent of many age- and
disease-related cellular histopathologies. Hirano bodies
contain actin (Goldman 1983) (Figure 3–9, panel C),
granulovacuolar degenerations contain tubulin (Maurer et
al. 1990) (Figure 3–9, panel D), Lewy bodies contain fila-
ments (Ince et al. 1998) (Figure 3–9, panel E), dystrophic
neurites contain paired helical filament and tau, and
neurofibrillary tangles contain multiple cytoskeletal con-
stituents (Maurer et al. 1990) (Figure 3–10).
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Selected groups of neurons are vulnerable to
age-related damage, for example, nigrostriatal neurons in
Parkinson’s disease or corticocortical projections in Alz-
heimer’s disease. Connectivity neurochemistry and cellu-
lar physiology can define these populations. Neurons that
contain high levels of neurofilaments in the somato-
dendritic compartment demonstrate more intense damage
whereas those with high levels of calcium-binding proteins
are less vulnerable (B. M. Morrison et al. 1998). Connectiv-
ity and neuronal physiology combine to render specific
neuronal populations vulnerable to age-related damage
while adjacent neurons remain undamaged.

Vascular Alterations in Aging

Vascular pathology produces multiple neuropsychiatric
disorders including depression and dementia (see Chapters
13 and 23 in this volume). Population studies indicate that
up to one-third of subjects over age 65 have ischemic brain
damage that is detectable with brain imaging (Bryan et al.
1997). Four major types of cerebrovascular pathology
occur in aging: 1) atherosclerosis, 2) arteriosclerosis,
3) congophilic angiopathy, and 4) hypoperfusion (Table
3–4). Atherosclerosis is damage to the intima of large-
caliber vessels, in contrast to arteriosclerosis, which is dam-
age to the media of small-caliber vessels. Congophilic
angiopathy is the deposition of amyloid around small ves-
sels in the arachnoid, pia, or brain parenchyma. Hypo-
perfusion results from hypoxia or poor cardiac function.
Cumulative brain damage may occur from a combination
of each pathology whose risk varies according to age, gen-
der, ethnicity, and systemic medical conditions.

Appropriate neuronal function depends on the provi-
sion of adequate nutrients, like, oxygen and glucose, via ce-

rebral blood flow. Vascular pathology, autoregulatory dys-
function, or cardiac disease can produce focal or diffuse
abnormalities of cerebral perfusion. Imaging studies dem-
onstrate a gradual reduction of cerebral blood flow with ag-
ing (Choi et al. 1998).

Autoregulation controls the response of cerebral
blood vessels based on systemic blood pressure, oxygen
tension, CO2 tension, and cerebral metabolism. Cerebral
autoregulation may be affected by age-related diseases
such as atherosclerosis, hypertension, and diabetes (Choi
et al. 1998).

The brain composes 2% of body weight but receives
17% of cardiac output and requires 20% of the body’s oxy-
gen to maintain normal function. The circle of Willis
meets the brain’s metabolic demand via an extensive
anastomotic network that sustains adequate cerebral per-
fusion despite occlusion of major vessels, for example, the
internal carotid artery (Figure 3–11). The tapering of
blood vessel diameter in distal branches of major arteries
dampens the effect of blood pressure on penetrating ves-
sels. Vessels that branch directly from large-diameter ar-
teries, for example, lenticulostriates of basal ganglia, fre-
quently demonstrate hypertensive damage.

The large cerebral white matter structures such as the
centrum semiovale are perfused by long, penetrating ves-
sels that arise at right angles from arteries within the
arachnoid space and radiate inward (Figure 3–12). Deep
white matter is perfused by branches that originate from
vessels located beneath the ventricular surface and radiate
outward. The outer vessels are termed centripetal and the
inner are termed ventriculofugal. White matter vessels do
not arborize, but perpendicular side branches, termed dis-
tributing vessels, perfuse adjacent white matter (Pantoni
and Garcia 1997). This overlapping system is vulnerable to
changes in blood pressure. Subcortical U-fibers are
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FIGURE 3–9. Eight hematoxylin and eosin preparations showing microscopic alterations frequently observed in the brains of
elderly humans, including lipofuscin (panel A), ischemic neuronal injury (panel B), Hirano bodies (panel C), granulovacuolar
degenerations (panel D), Lewy bodies (panel E), loss of neuromelanin-containing neurons (panel F), atherosclerosis (panel G), and
arteriosclerosis (panel H). Panel A: Several neurons are shown. Two (straight arrows) contain abundant lipofuscin, a light-brown
pigment. A normal neuron with abundant Nissl substance is present (curved arrow). Panel B: Photomicrograph of human hippo-
campus from a 68-year-old cognitively intact individual who had experienced brief cerebral hypoxia. Normal neurons surround a
single shrunken pyramidal neuron in the center of the field with ischemic, eosinophilic degeneration (arrow). Panel C: Hirano
bodies in hippocampal neurons from CA1 region. A Hirano body, the cigar-shaped, eosinophilic rod immediately adjacent to the
nucleus, is seen in the center of the field (arrow). Panel D: Granulovacuolar degenerations in the pyramidal neurons of CA3
region. In the cytoplasm of the neuron in the center of the field, there are multiple, round, clear spaces with a central, slightly ba-
sophilic core (arrow). Panel E: Lewy bodies, circular eosinophilic masses with a thin, peripheral clear space (arrow) that displaces
the neuromelanin, in the cytoplasm of substantia nigra neurons. Neurons that contain neuromelanin are also present. Panel F:
Age-related damage of substantia nigra. Two normal-appearing pigmented neurons are shown (arrows); however, most
neuromelanin is present in rnacrophages or in the neuropil (arrowheads). Panel G: Atherosclerotic damage in a branch of the pos-
terior cerebral artery. The intima is detached and badly damaged with cholesterol deposition (CD), but the media is intact. Panel
H: Arteriosclerosis in basal ganglia from a 74-year-old hypertensive individual. A small penetrating blood vessel in the center of
the field contains pink, hyalinized material in the media and adventitia.



Neurobiology of Aging 47



48 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



perfused by short branches of cortical vessels. The U-fibers
are association bands immediately beneath the cortical rib-
bon, and this distinct perfusion reduces vulnerability to
ischemia (Pantoni and Garcia 1997).

Arteries contain three layers: intima, media, and
adventitia. The intima includes endothelial lining cells and
a connective tissue stroma that prevent thrombosis and
control movement of molecules, that is, a blood-brain bar-
rier. Media contains smooth muscle that regulates diame-
ter and accommodates to blood pressure. Adventitia con-
tains a loose connective tissue stroma. Arterioles,
capillaries, and veins lack the distinctive muscular media
present in arteries.

Atherosclerosis results in damage to the intima of
large- or medium-diameter vessels and contributes to most
strokes in elderly individuals (Figure 3–13). Atherosclero-
tic changes are described in vessels of Egyptian mummies,
and the frequency or severity of this vascular pathology
varies by age, gender, and ethnic background. Atheroscle-
rosis appears as discrete areas of white or yellow discolor-
ation within thickened segments of blood vessel wall. The
microscopic appearance includes loss or fibrosis of intima,
lipid or cholesterol deposits beneath endothelial cells, nar-
rowing of vessel lumen, and thrombosis on the plaques
(Figure 3–9, panel G). Hemorrhage within a plaque can oc-
clude the vessel lumen. Systemic atherosclerosis begins in
the second decade of life (5%) and accelerates after the
third decade. Only 4% of individuals over age 90 avoid
atherosclerotic damage (Gorelich 1993). Fatty streaks oc-
cur within the aortic walls in the first decade of life followed
by fatty streaks in coronary arteries or extracranial carotid
vessels in the second. Fibrous plaques appear in vertebral
arteries in subjects over age 30 (Moossy 1993) (Table 3–4).

Atherosclerosis has a complex pathogenesis including
hyperlipidemia, homocystine deficiency, hypertension, el-
evated platelet numbers, and a myriad of other factors (Fig-
ure 3–13). Intimal damage from atherosclerosis can lead to
thrombotic occlusion of vessels or embolization into distal
arteries, with resulting cerebral infarction. Extracranial
vascular pathology frequently produces cerebral damage.
Embolization also results from either atrial fibrillation or
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FIGURE 3–10. Photomicrographs showing the appearance
of neurofibrillary tangles (panel A) and senile plaques (panel B)
in a 100-year-old subject. Panel A: Four hippocampal pyrami-
dal neurons with neurofibrillary tangles (i.e., flame-shaped
masses of filamentous material [arrows]). Tangles were not
present in neocortex. Panel B: A silver preparation of neocor-
tex. A senile plaque (arrow) contains swollen neurites, an amy-
loid core, glia, and microglia. Insufficient numbers were
present in neocortex to warrant diagnosis of Alzheimer’s
disease.

FIGURE 3–11. The circle of Willis as dissected from the
base of the brain. The internal carotid artery divides to form
the anterior cerebral artery (ACA) and middle cerebral arter-
ies (MCA). Anterior and posterior communicating arteries are
not labeled. The vertebral arteries (VA) fuse to form the basi-
lar artery (BA), which then divides to form the posterior cere-
bral arteries (PCA). This anastomotic network ensures
adequate brain perfusion despite occlusion of single major ves-
sels. See Figure 3–13A for in situ appearance.



myocardial infarction when a mural thrombus forms in ei-
ther the atrium or the left ventricle (Ott et al. 1997) (Figure
3–14). Liquefactive necrosis and encephalomalacia, that is,
discrete loss of brain parenchyma that is apparent to gross
inspection, occur weeks or months following brain infarc-
tion (Figure 3–15). Abrupt revascularization may convert a
pale or ischemic infarct into a red or hemorrhagic infarct
(Figure 3–16, panel A). Smaller emboli lodge in arterioles
where discrete segments of cortical ribbon are infarcted
(Figure 3–16, panel B). Tiny emboli produce micro-
infarctions, which are difficult to visualize with imaging and
require microscopic examination for identification. Radio-
graphic white matter hyperintensities are also associated with
atherosclerosisof internalcarotidarteries (Bots et al. 1993).

Hypertension produces a variety of lesions via arterio-
losclerosis and damage to medium- and small-caliber ar-
teries and arterioles (Table 3–4). Arteriolosclerosis is dam-
age to the muscular media of small penetrating arteries or
arterioles that occurs commonly in small, nonarborizing
branches from large-caliber arteries, for example, the
lenticulostriate system (Figure 3–17). Vessels with arterio-
losclerosis have hyalinization or necrosis of the media that
leads to thrombosis or leakage (Figure 3–9, panel H). Hy-
pertensive brain lesions include loss of neuropil around
small, penetrating arteries, arteriolar sclerosis, lacunar in-
farcts, and intracerebral hemorrhages. Lacunar infarcts are
slitlike lesions measuring 1–10 mm in the cerebral hemi-
sphere (Figure 3–17, panel C) and 1–5 mm in the brainstem
(Figure 3–17, panel D). These punched-out lesions are
common in deep nuclei, hemispheric white matter,
brainstem, and cerebellar peduncles. Lacunar infarcts are
present in up to 49% of autopsy brains, with lesions most
commonly found in hemispheric white matter (Figure
3–17) and subcortical nuclei (Dozono et al. 1991). Lacunar
infarcts are associated with older age, increased diastolic
blood pressure, heavy smoking, internal carotid artery
stenosis exceeding 50%, and diabetes mellitus
(Longsteth et al. 1998). Hypertensive vascular pathol-
ogy can also produce extensive damage via intracerebral
hemorrhage (Figure 3–18) and associated complications
such as bleeding into the ventricles or subarachnoid
space. Cumulative hypertensive vascular damage may
explain the association of hypertension with impaired
psychomotor skills and cognitive loss (Skool et al. 1996;
Starr and Whalley 1992).

Congophilic angiopathy is common in patients over
age 90. Proteinaceous material is deposited in the media or
adventitia of small arachnoidal or cortical arterioles (Table
3–4). Although amyloid angiopathy increases the risk for
intracerebral hemorrhage, its effect on cerebral perfusion
is unclear. Congophilic deposits probably alter blood-
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FIGURE 3–12. White matter vessels. The thin dark lines
are long, penetrating vessels that pass through the cortical rib-
bon, traverse into the centrum semiovale, and perfuse a cylin-
der of white matter adjacent to the vessel (arrow). Deeper
white matter is perfused by branches originating from beneath
the lateral ventricle (lower left). White matter structures are
sensitive to certain types of anoxic injury, and these vessels
sustain hypertensive vascular damage.

TABLE 3–4. Common causes of vascular brain damage

Type Anatomic distribution Location of lesion Etiology Complications
Atherosclerosis Large-caliber vessels Intima Hyperlipidemia

Diabetes
Hypertension

Stroke

Arteriosclerosis Penetrating vessels Media Hypertension Lacunes
Hemorrhages

Congophilic
angiopathy

Arachnoidal and
parenchymal vessels

Adventitia Amyloid production Unclear

Hypoperfusion Watershed zone Cardiovascular
dysfunction

Low blood pressure Pale or red infarcts
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FIGURE 3–13. Atherosclerosis of the circle of Willis.
Panel A: Typical atherosclerosis in a basilar artery from a
68-year-old subject. Normal basilar artery has a translucent
appearance, whereas this atherosclerotic artery has a thickened
tortuous wall and an opaque white appearance. Thin posterior
communicating arteries connect posterior cerebral to internal
carotid arteries. Panel B: Cross-sections of normal and athero-
sclerotic arteries. The top field demonstrates normal, paper-
thin muscular arteries, whereas the lower field contains serial
sections through the thickened, narrowed atherosclerotic
vessel.

FIGURE 3–14. Cerebrovascular damage from heart dis-
ease. Cardiac disease produces arrhythmias and emboli that
damage brain. This patient had hypotensive and embolic in-
farcts caused by atherosclerotic cardiomyopathy (top) with a
15% ejection fraction and an apical thrombus in the left ven-
tricle (bottom).



brain barrier function in aging (Figure 3–19).
Low perfusion from systemic hypotension can dam-

age brain parenchyma while providing few observable
alterations (Table 3–4). Watershed or boundary zones
are cortical regions that are located between distal vascu-
lar perfusion areas of the cerebral arteries. For example,
cortex adjacent to the superior frontal sulcus is vulnera-
ble to hypoperfusion during episodes of systemic hypo-
tension because this region is perfused by distal branches
of the anterior and middle cerebral arteries (Figures
3–16, panel A, and 3–20). Neuronal vulnerability to an-
oxia may increase with aging as the brain’s capacity to
meet energy demands decreases its ability to reinstitute
homeostasis and excitability (Roberts 1997). Specific re-
gions such as hippocampus have selective vulnerability
to anoxia and excitotoxic damage. Cognitive loss in sub-
jects with poor cardiac pump function (i.e, cardiac
arrhythmias), systemic hypotension (Sulkava and Erkin-
juntti 1987), and cardiac left ventricular ejection fraction
less than 30% (Zuccala et al. 1997) may result from low
flow to vulnerable brain regions.

Age-related changes develop in all segments of the
cerebrovascular system. Although atherosclerosis and ar-
teriosclerosis are common in large- or medium-diameter
vessels, changes also occur in the microvascular system.
The density of hippocampal capillary clusters decrease, but
the mean diameter of capillaries and arterioles increases in
aging (Bell and Ball 1981). Cortical microvasculature stud-
ies show intertwining of small arterial branches (Akima
1986), convoluted vessels, and mild perivascular glial pro-
liferation (Ravens 1978). Veins demonstrate fibrous thick-
ening with aging that may slow veinous return and increase

edema in white matter. This periventricular veinous
collagenosis occurs in 65% of individuals over age 60 and
may promote leukoaraiosis, that is, white matter thinning
(Moody et al. 1995).

Aging brain is vulnerable to multiple types of vascular
damage. Each brain manifests a mixture of embolic,
atherosclerotic, hypertensive, or hypotensive damage.
This range of pathology explains the difficulty in specify-
ing types or locations of damage that cause vascular de-
mentia.
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FIGURE 3–16. Reperfusion and embolic infarctions.
Panel A: Coronal sections of frontal lobe from an individual
who sustained hypotensive brain injury after a cardiac arrest
(see Figure 3–14). Hemorrhage occurs in necrotic brain tissue
located between the superior and middle frontal gyri, a com-
mon boundary zone location. Hemorrhagic or red infarcts are
produced by reperfusion of infarcted brain parenchyma or
lysis of thrombi within occluded blood vessels. Panel B: A
small infarction in the occipital parietal cortex. A discrete
strip of cortical ribbon in the center of the field is absent, but
adjacent cortex is intact. This discrete loss of cortical ribbon
results from embolic occlusion of small arteries (arrows).

FIGURE 3–15. A stroke in the distribution of the middle
cerebral artery (MCA). Encephalomalacia of the inferior pari-
etal, anterior occipital, and superior temporal gyrus regions
produces a cavity after a stroke.
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Age-Related Changes of the
Blood-Brain Barrier

The blood-brain barrier has two major functions: trans-
port of essential materials and protection of brain homeo-
stasis. Although nutrients can reach the brain via spinal
fluid, the volume of the blood-brain barrier is 5,000 times
greater than the cerebrospinal fluid (CSF)–brain boundary
(de la Torre 1997). The blood-brain barrier is located in the
brain’s microvasculature and consists of tight junctions and
fenestration of brain capillary endothelium that use selec-
tive pinocytosis to control movement of molecules. Unlike
capillaries of non-CNS organs, brain capillary pores do not
allow free movement of substances. Carrier-mediated
transports in the brain capillaries select specific substances

for entrance into the CNS. This barrier function is medi-
ated by tight junctions between endothelial cells
(Giaquinto 1988). The blood-brain barrier is the locus of
three essential functions: 1) transport for critical nutrients,
hormones, or drugs; 2) export of metabolic waste products;
and 3) protection against influx of toxins and osmotically
damaging agents (Mooradian 1988).

Histochemical studies of brains from human subjects
over age 45 show alterations in the biochemical composi-
tion of arterioles, capillaries, and venules (Sobin et al.
1992). Aging of brain microvasculature, described else-
where in this chapter, may result in minor leakage through
the blood-brain barrier. Human serum proteins, such as
IgG, IgA, IgM, and α2-macroglobulin, leak into cortical
tissue of elderly subjects and are found in some neurons

FIGURE 3–17. Hypertensive brain damage. Panel A: Demonstrates loss of neuropil around penetrating vessels in basal ganglia
(arrow). The intact vessel remains within the cavity. Panel B: Demonstrates periventricular leukomalacia. Computed tomography
scan showed that this patient had extensive white matter thinning. The neuropil about the frontal horn of the lateral ventricle is
thin and demonstrates a granular appearance (arrows). Extensive atherosclerosis is present in the anterior cerebral arteries bend-
ing around the genu of the corpus callosum. Panel C: A lacunar infarction present in the putamen. This slitlike lesion is well de-
marcated (arrow). Hemorrhage from such lesions causes intracerebral hematoma (see Figure 3–18). Panel D: Lacunar infarct in
the pons. This slitlike lesion in the basis pontis can produce nonlateralizing neurological symptoms (arrow).



(Mooradian 1988). Common systemic diseases in the el-
derly such as hypertension and diabetes mellitus damage
the blood-brain barrier. Hypertension and mild ischemia
increase transport of high-molecular-weight proteins
through accelerated transendothelial transport and
transcytosis. Leakage across blood-brain barriers increases
proportionally to severity of ischemia—damage that loos-
ens the tight junctions of endothelium.

Cerebrospinal Fluid and Aging

CSF is clear liquid produced by the choroid plexus within
the ventricles and reabsorbed via the arachnoidal granula-
tions located along the sagittal sinus. CSF, produced at
0.3–0.4 mL/min, contains electrolytes, protein, sugar, and

a small number of cells. The rate of CSF production is re-
duced in aging, and CSF protein content is increased (May
et al. 1990). The number or type of inflammatory cells in
CSF is unchanged. The physiology of CSF reabsorption is
poorly defined, and obstruction of return flow into the
arachnoidal granulations may produce normal pressure
hydrocephalus. Transmitter metabolic content of CSF
changes in aging (Table 3–5).

Pathological Overlap of Aging and
Neurodegenerative Diseases

The pathological hallmarks of Alzheimer’s disease include
senile plaques, neurofibrillary tangles, amyloid deposits,
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FIGURE 3–18. Hypertensive vascular disease. Coronal
sections from different brains that demonstrate acute and
long-term consequences of hypertensive damage. Panel A: An
acute hemorrhage into basal ganglia and thalamus producing
cerebral edema and death. Panel B: An old healed intracerebral
hemorrhage causes a lens-shaped lesion (ICH) in the putamen
and internal capsule that produced a spastic hemiparesis. This
lesion would also damage ascending catecholaminergic fibers.

FIGURE 3–19. Perivascular amyloid visualized by Congo
red and immunoperoxidase stains in the brain of a 91-year-old
subject. Panel A: The faint-red discoloration of amyloid depo-
sition within adventitia blood vessel stained by Congo red
(arrow). Polarizing light confirmed the amyloid. Panel B:
Immunoperoxidase stains of blood vessel, with anti-amyloid
antibody demonstrating pale-brown amyloid deposits (arrow)
around small cortical blood vessels.



and neuronal or synaptic loss (Markesbery 1997; McKhann
et al. 1984). Senile plaques are abnormal collections of
neurites, microglia, and astrocytes that disrupt the normal
woven appearance of the neuropil (Figure 3–21). Senile
plaques have a range of features and may contain amyloid
deposits or cores (Figures 3–10 and 3–21). The appearance
of senile plaques ranges from “immature” or diffuse (i.e.,
amorphous amyloid deposits) to “burned-out” with few re-
maining neurites (Probst et al. 1987) and amyloid cores.
Neuritic plaques contain many dystrophic neurites and glia
(Table 3–1). Diffuse plaques are common in normal elders,
however the number of neuritic plaques correlates better
with cognitive decline (Davia et al. 1999).

Neurofibrillary tangles are masses of abnormal
straight and paired helical filaments (Figure 3–10).
Neurofibrillary tangles are usually located within neuronal
perikarya, although “ghost” tangles are seen in the
neuropil. This neuronal pathology occurs first in the
entorhinal cortex and later in the hippocampus and
amygdala (see Figures 3–2, 3–3, and 3–5). Neurofibrillary
tangles probably disrupt neuronal function (Figures 3–10
and 3–21). The nucleolus of tangle-bearing hippocampal
neurons is smaller than the nucleolus of normal adjacent
neurons, suggesting that neurofibrillary damage reduces
metabolic capacity (Jellinger 1997) before neuronal death.
Neurons that contain NFTs may survive for 20 years, but
genetic function is altered in these damaged cells (Morsch
et al. 1999). The density of tangles may correlate with se-
verity of dementia in Alzheimer’s disease (Gomez-Isla et al.
1996).

Amyloid deposits include β pleated sheets of fibrillar
material composed partially of β protein (A4), the cleavage
product of β-amyloid precursor protein, a large transmem-
brane protein (Mattson and Rydel 1992). Amyloid deposi-
tion occurs in aging and Alzheimer’s disease (Braak and
Braak 1991; Coria et al. 1992; Ikeda et al. 1989; Coria et al.
1992) and is present around blood vessels, in senile plaques,
and in the neuropil (Figure 3–18). Autopsy evaluation of
brains from cognitively intact elders demonstrates that
75% of specimens contain cerebral amyloid angiopathy
(Davis et al. 1999). The role of amyloid in aging and disease
is controversial and is the focus of considerable research.

Dystrophic neurites are swollen, tortuous neuronal
processes that contain multiple cytoskeletal constituents
including tau and paired helical filaments (Figure 3–21).
Dystrophic neurites may be axons or dendrites, and these
swollen, kinked processes may be degenerative or regener-
ative. Neurites contain many types of neurotransmitters
(Powers et al. 1988; Struble et al. 1987) and are seen in ag-
ing, Alzheimer’s disease (Braak and Braak 1991; Braak et al.
1986), and other degenerative disorders including diffuse
Lewy body disease.

National Institute of Neurological and Communica-
tive Disorders and Stroke (NINCDS) criteria for Alzhei-
mer’s disease are consensus values that are based on
age-adjusted numbers of senile plaques per square milli-
meter in the neocortex (Markesbery 1997; McKhann et al.
1984). Senile plaque counts in the hippocampus are not
used because the hippocampus is frequently damaged in
normal aging. In fact, mesial temporal cortex is damaged in
the early stages of Alzheimer’s disease (Braak and Braak
1991). The morphological features of aging and disease
frequently overlap in this brain region.

Two important contradictions to the consensus crite-
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FIGURE 3–20. Diffuse anoxic injury. A normal (nl) frontal
lobe (right) is contrasted with a coronal section from an indi-
vidual who suffered prolonged anoxia (left). The sulcal gyral
pattern remains intact; however, the cortical ribbon is mark-
edly reduced. Microscopic examination revealed severe
neuronal loss and gliosis.

TABLE 3–5. Age-related alterations of
transmitter metabolites reported in
human cerebrospinal fluid

Transmitter
system Marker

Effect
with age

Cholinergic Acetylcholinesterase Increase
Noradrenergic MHPG Increase
Serotonergic 5-HIAA No change
Dopaminergic Homovanillic acid No change
Peptidergic Somatostatin No change

β-Endorphin No change

Note. MHPG, 3-methoxy-4-hydroxyphenylglycol; 5-HIAA,
5-hydroxyindoleacetic acid.
Sources. Adapted from Giaquinto 1988; Gottfries 1990; Hartikainen
et al. 1991.



ria for Alzheimer’s disease include 1) a group of cognitively
intact elderly individuals with large numbers of senile
plaques in neocortex (Katzman et al. 1988) and 2) a small
group of elderly subjects with dementia and morphologi-
cally normal brains (Heilig et al. 1985). Some cognitively
intact elderly patients can have numerous senile plaques,
occasional neurofibrillary tangles (Figure 3–9), and amy-
loid deposits (Crystal et al. 1988; Katzman et al. 1988; J. L.
Price et al. 1991). Longitudinal autopsy studies (see
Matsuyama and Nakamura 1978) demonstrated an
age-dependent increase in the intensity of Alzheimer’s dis-
ease pathology. In a retrospective study of neurologically
intact patients ages 55–64, Ulrich (1982) demonstrated
Alzheimer’s disease–type pathology in 25% of brains.
Katzman et al. (1988) first described a subpopulation
(10%) of cognitively intact elderly individuals who met

NINCDS histopathological criteria for Alzheimer’s dis-
ease as well as demonstrated cholinergic deficits, an ob-
servation reported by multiple other investigators. A
longitudinal study of a community of elderly Catholic
nuns has provided data on a group of women with limited
environmental, intellectual, and neurotoxic variables,
for example, diet, alcohol abuse, and daily routine (Berg
et al. 1998; Markesbery 1997; Price 1991; Troncoso et al.
1996). Clinicopathological studies of prospectively
studied elderly nuns demonstrate Alzheimer’s disease
pathology in cognitively intact nuns and a higher risk for
cognitive loss in nuns with vascular damage. High
premorbid intellectual function or professional achieve-
ment appears to lessen the risk of dementia, suggesting
that cognitive or neuronal reserve, that is, synaptic
density, plasticity, etc., may affect onset of dementia
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FIGURE 3–21. Immature versus neuritic plaque shown in silver stains of a brain with Alzheimer’s disease. Panel A: Demon-
strates an immature senile plaque with diffuse silver-stained deposits within undisturbed neuropil. Discrete neurites are not pres-
ent. Panel B: Depicts the appearance of a neuritic plaque with dystrophic neurites (arrows) and disruption of neuropil. Dystrophic
neurites are also present outside the senile plaque. Neurofibrillary tangles are seen in the upper field (arrow heads).



(Snowden 1997; Snowden et al. 1996, 1997).
Neurofibrillary tangles may be a more reliable indica-

tor of brain damage despite a subpopulation of subjects
with Alzheimer’s disease but without neurofibrillary de-
generation (Berg et al. 1998; Terry et al. 1987). No single
histopathological, neurochemical, or molecular biological
marker always distinguishes normal aging from Alzhei-
mer’s disease (Table 3–1); however, some researchers con-
tend that cognitively intact individuals with Alzheimer’s
disease histopathology would have developed clinical
symptoms over time. Other scientists contend that some
elderly individuals develop nonprogressive injury (i.e., se-
nile plaques) in selected brain regions. This overlap of pa-
thology between aging and Alzheimer’s disease explains
the difficulty in creating a premortem marker for Alzhei-
mer’s disease (Katzman 1997).

Lewy bodies, spherical neuronal inclusions with an
eosinophilic core and clear halo, are comprised of
neurofilaments (Goldman et al. 1983) (Figure 3–9). Lewy
bodies are present in catecholamine-producing neurons in
normal aging (Giaquinto 1988), as well as in diseases such
as idiopathic parkinsonism and Lewy body dementia (Fig-
ure 3–22). These neuronal inclusions are present in 10 dif-
ferent degenerative diseases and 25% of patients with Alz-
heimer’s disease (Ince et al. 1998). The Lewy body consists
of cytoskeletal proteins cross-linked by advanced glycation
(Münch et al. 1998) as well as ubiquitin, that is, cell
stress–related proteins. Cortical Lewy bodies lack the dis-
tinctive halo of their brainstem counterparts and appear as
eosinophilic neuronal inclusions best stained with antisera
to ubiquitin (Figure 3–23). The frequency, distribution,
and natural history of cortical Lewy bodies in normal aging
are poorly defined.

The distinction between aging and disease may differ
for the young-old, those 65–75, versus the old-old, those
over age 90. Neuronal loss and Alzheimer’s disease pathol-
ogy are distinct for each group (Girnnakopoulos et al.
1996), although study populations over age 90 are usually
small. Several conclusions are shared by multiple investiga-
tors who examined large numbers of aged brains: 1) the
number of subjects without senile plaques, neurofibrillary
tangles, or amyloid deposits decreases with age; 2) appear-
ance of neurofibrillary tangles can precede amyloid deposi-
tion; 3) changes can occur in younger individuals, that is,
those age 50–65; and 4) cortical neurofibrillary tangles are
more specific for dementia. Prevalence studies based on
neuropathological assessment of large numbers of brains
predict that 100% of individuals will meet histo-
pathological criteria for Alzheimer’s disease at age 100
(Braak and Braak 1997; Davis et al. 1999; Duyckaerts and
Haue 1997).

Alterations of Transmitter
Systems in Aging

The impact of aging on transmitter systems can be mea-
sured at the presynaptic or postsynaptic level. Presynaptic
levels of chemical transmitters can be reduced by death or
dysfunction of neurons that produce the transmitter, di-
minished release, and alterations of reuptake. Postsynaptic
effects include alteration of postsynaptic receptor density,
alterations of the receptor, and changes in signal
transduction mechanisms that translate the receptor acti-
vation into cellular or membrane events. Signal transmis-
sion may be altered at several levels, confusing the inter-
pretation of human data. Although many human brain
transmitter markers are altered in aging, in this chapter
I focus on systems of most importance to the geriatric
neuropsychiatrist (Tables 3–2 and 3–3).

Cholinergic Systems

Acetylcholine innervation is widely present throughout
the mammalian CNS (see Chapter 4 in this volume). Most
cortical cholinergic fibers originate from neurons in the
nucleus basalis of Meynert, a band of large neurons in the
basal forebrain that is most conspicuous beneath the ante-
rior commissure (Hedreen et al. 1984; Mesulam and Geula
1988) (Figure 3–6). This band begins anteriorly in the me-
dial septal region and is present posteriorly beneath the
basal ganglia. This nucleus has an organized projection to
cortex, with medial septal neurons projecting to hippo-
campus.

A plexus of cholinergic fibers is seen in cortex (Divac
1975; Mesulam et al. 1983), and immunocytochemical
methodologies with antisera directed against nicotinic re-
ceptors demonstrate postsynaptic densities over neurons
in layers 2, 3, and 5 (Schroder et al. 1991) of neocortex.
Cholinergic fibers are altered in elderly humans and old
primates (Decker 1987), and cholinergic deficits in ro-
dents, primates, and humans are correlated to cognitive
impairment (Olton et al. 1991).

No consistent loss of acetylcholine content is found in
the brains of cognitively intact elderly humans (Table 3–3).
Although acetylcholine transferase, the synthetic enzyme
for acetylcholine, is reduced in Alzheimer’s disease, the
conflicting data in normal aging (Giaquinto 1988; Muller
et al. 1991) demonstrate minimal reductions or no change.
This minor senescent cholinergic loss may reflect complex
alterations in the number and size of neurons in the nucleus
basalis of Meynert with aging (Figure 3–6). The diameters
of some human forebrain cholinergic neurons increase un-
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til age 60. Nucleus basalis of Meynert neurons in elderly
humans (over age 60) begin to atrophy, and neuronal loss
varies according to region sampled (e.g., 0% in the anterior
portion and 65% in posterior subdivisions) (de Lacalle et
al. 1991; Finch 1993). A similar sequence of changes is seen
in rodent and monkey. The large cholinergic neurons of
the nucleus basalis of Meynert are frequently referred to as
“magnocellular” and may contain occasional neuro-
fibrillary tangles or Lewy bodies in older human subjects.
Loss of these magnocellular neurons accounts for cholin-
ergic deficits in Alzheimer’s disease (Whitehouse et al.
1981). Aging has a minimal effect on high-affinity choline
uptake, the rate-limiting step in the production of acetyl-
choline. Levels of acetylcholinesterase are increased in
CSF of elderly subjects (Hartikainen et al. 1991; Muller et
al. 1991) (Table 3–5).

The density of cholinergic receptors changes with ag-
ing (Table 3–3). Release of acetylcholine may be reduced in
aging brains because of diminished autoreceptor sensitiv-
ity. Alterations occur in both muscarinic and nicotinic re-
ceptor systems. Although five types of muscarinic recep-
tors (ml–m5) are distinguished via genetic identification
and four via pharmacological techniques (M1–M4), little is
known about age-related alterations within either group or
their encoding messages (Levey 1996). Aging brain has a
10%–30% reduction of muscarinic receptors in samples of
cortex, hippocampus, and striatum and diminished nico-
tinic receptors in hippocampus. However, in thalamus,
density of nicotinic receptors decreases, but density of
muscarinic receptors increases (Giacobini 1990, 1991).
Nicotinic receptor binding is mildly reduced in neocortex
with aging, but significant reductions occur in entorhinal
cortex and presubiculum over age 40 (Court et al. 1997).
The nicotinic cholinergic receptor family is composed of α
and β subunits with seven α and three β subunit genes. In
normal elderly subjects, the α4 nicotinic receptor subunit
appears stable, but the α2 subunit is diminished (Tohgi et al.
1998b). Nicotinic receptors are also reduced in Alzhei-
mer’s disease (Nordberg and Winblad 1986).

It is unknown whether the structure of cholinergic re-
ceptors is altered in aging or Alzheimer’s disease. The ef-

fect of human aging on the ratios of receptor subtypes and
encoding messages is unknown. Studies in rodents demon-
strate age-related decrease in receptor plasticity and di-
minished neural response to acetylcholine stimulation
(Giacobini 1990; Muller et al. 1991).

Although our knowledge of senescent alterations of
cholinergic systems is incomplete, a relationship exists be-
tween cholinergic deficits and cognitive impairment
(Fields et al. 1986). Cholinergic systems are damaged in
many neurodegenerative disorders including Alzheimer’s
disease, progressive supranuclear palsy, parkinsonism with
dementia, and other disorders.

Noradrenergic Systems

Noradrenergic systems in human brain include an exten-
sive network of fibers and receptors in neocortex,
allocortex, selected diencephalic structures, and brainstem
(Fallon and Loughlin 1987). In the human forebrain,
noradrenaline is produced by the locus ceruleus, two bands
of neurons located immediately beneath the fourth ventri-
cle in the pons that range in number from 11,000 to 25,000
(Ohm et al. 1997) (Figure 3–22). A variable mixture of α-
and β-adrenergic receptors is present throughout the cere-
bral cortices (Mendelsohn and Paxinos 1991; Reznikoff et
al. 1986). Conventional counting methodologies demon-
strate a progressive loss of noradrenergic neurons
throughout the aging human brainstem, commencing be-
tween ages 30 and 40 and progressing with a linear rela-
tionship to age (Mann et al. 1983, 1984) (Tables 3–2 and
3–3). In the locus ceruleus, 40% of pigmented neurons are
lost by age 90, and similar losses are sustained by the A-2
cell groups in the medulla (i.e., the dorsal motor nucleus of
the vagus). Stereological estimates suggest smaller
age-related loss of pigmented neurons (Ohm et al. 1997) in
the locus ceruleus. Occasional neurofibrillary tangles or
Lewy bodies are present in these neurons after age 60.
Noradrenergic neurites (i.e., abnormal, swollen processes
that contain dopamine β hydroxylase) are present in the
neuropil and within senile plaques of elderly subjects
(Powers et al. 1988), as well as within the pineal gland
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FIGURE 3–22. Comparison of midbrain and pons from elderly control subjects and individuals with depigmentation. Regions
that produce dopamine and noradrenaline can be distinguished by the brown-black neuromelanin pigment. Serotonin-producing
neurons are located in the midline of the brainstem (i.e., raphe [R]) but cannot be distinguished from adjacent structures with
either gross or microscopic examination. The ventral tegmental area (V) is present in the midline between the substantia nigrae
(SN) and above the interpeduncular fossa (arrow). Panel A: From an 85-year-old subject, a substantia nigra with some mild loss of
pigment. Panel B: From a subject with Alzheimer’s disease, a substantia nigra with moderate depigmentation. Panels C and D:
Specimens from a patient with idiopathic parkinsonism with more severe depigmentation on the left than on the right. Panel E:
The appearance of locus ceruleus in an elderly control subject: a discrete area of brown-black pigment beneath the fourth ventri-
cle (arrow). Panel F: Depigmentation in locus ceruleus of an aging subject with diffusion of neuromelanin into adjacent neuropil
(arrow).
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(Jengeleski et al. 1989). Enzymatic activities are reduced
for tyrosine hydroxylase, the rate-limiting enzyme in the
production of both dopamine and noradrenaline, as well as
dopamine β-hydroxylase, the committed enzyme for the
production of noradrenaline. Brain concentrations of
methoxyhydroxylphenylglycol may remain constant in
aging (Gottfries 1990), but CSF levels are increased (Ta-
ble 3–5).

Age-related loss of β-adrenergic receptors is region
dependent (Table 3–3). Receptor numbers remain con-
stant in the frontal cortex (Kalaria et al. 1989); however,
cingulate, precentral, temporal, and occipitotemporal re-
gions demonstrate a linear age-dependent loss (Mendel-
sohn and Paxinos 1991).

Adrenergic receptors demonstrate a substantial de-
cline in aging human brain (Pascual et al. 1992). Rodent
studies also demonstrate age-related loss of adrenergic re-
ceptors in all regions except cortex, a phenomenon possibly
a result of diminished receptor synthesis (Miller and
Zahniser 1988; Scarpace and Abrass 1988). Pharmacologi-
cal studies in rodent show a progressive age-dependent loss
of postsynaptic response to noradrenaline and serotonin
(Bickford-Wimer et al. 1988). This cumulative evidence
suggests a gradual senescent loss of noradrenergic produc-
tion and region-dependent loss of adrenergic receptors in
human brain.

A relation may exist between the aging of the human
catecholaminergic system and neuropsychiatric diseases
such as depression (Mann 1991; Procter and Bowen 1987;
Veith and Raskind 1988). Poststroke depression may be
linked to catecholaminergic function (Robinson et al.
1984, 1987), and depression in Alzheimer’s disease may
correlate with loss of neurons in the locus ceruleus
(Zubenko and Moossy 1988).

Serotonergic Systems

Serotonin is produced by raphe nuclei, clusters of indis-
tinct neurons in the midline of the midbrain and pons
(Fallon and Loughlin 1987) (Figure 3–22). Methodologi-
cal problems limit quantitation of nonpigmented
serotonergic neurons in human brainstem. Extensive
serotonergic innervation is found in human neocortex,
allocortex, and some diencephalic structures. Serotonin
content is reduced in selected neocortical and allocortical
regions of aging human brain (Gottfries 1990; Morgan and
Finch 1987). Concentrations of 5-hydroxyindoleacetic
acid, the primary metabolite of serotonin, are not reduced
in brain or CSF (Table 3–5). However, imipramine bind-
ing, a putative marker for serotonin reuptake, is reduced in
aging. Activity of tryptophan hydroxylase, the synthetic
enzyme for the production of serotonin, is reduced in the
brains of aging rodents.

Multiple subtypes of serotonin (5-hydroxytryptamine
[5-HT]) receptors are described using autoradiographic or
in situ hybridization methodology (Bloom and Morales
1998; Burnet et al. 1995), and the densities of 5-HT1 and
5-HT2 are reduced in brains of elderly humans (Table 3–3).
The density of 5-HT2 is reduced 20%–50%, and 5-HT1

declines up to 70% (Mendelsohn and Paxinos 1991).
Studies of serotonin receptor subtypes are limited; how-
ever, the density of 5-HT1A receptors is diminished in aging
(Dillon et al. 1991). Depletion of neurons in the raphe nu-
clei would explain the decreased serotonin content, but not
the decreased serotonin receptor density. These limited
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FIGURE 3–23. The appearance of cortical Lewy bodies.
Panel A: Hematoxylin and eosin–stained preparation through
parahippocampal cortex from a patient with diffuse Lewy
body disease. The indistinct eosinophilic cytoplasmic inclu-
sion in the neuron in the middle of the field is the Lewy body
(arrow). Panel B: Antibodies to ubiquitin intensely stain two
circular Lewy bodies, that is, brown sphere in neurons in
center of field (arrows).



data on serotonergic systems in human aging suggest a
gradual loss of serotonin production and receptor.

Dopaminergic Systems

Dopaminergic systems are altered in aging and in many
neurodegenerative disorders, including Alzheimer’s dis-
ease, idiopathic parkinsonism, and progressive supra-
nuclear palsy (Gibb et al. 1989; Morgan and Finch 1987;
Morgan et al. 1987). The brainstem neurons of the meso-
cortical and nigrostriatal dopaminergic pathways are well
defined in human brain (Figure 3–22). Although
dopaminergic neurons are present in the human septal and
hypothalamic regions (Gaspar et al. 1985), the tubero-
infundibular system is poorly defined in humans. A pro-
gressive loss of neurons in the substantia nigra occurs in ag-
ing and disease (Uchihara et al. 1992). The number of
pigmented neurons in the substantia nigra may begin to
drop between ages 40 and 50, and substantial loss (35%) is
reported after age 65 (Mann et al. 1984; McGeer et al.
1977) (Table 3–2). Nucleolar volume of substantia nigra
neurons is reduced after age 65, and neurofibrillary tangles
or Lewy bodies begin to appear in small numbers (Mann et
al. 1984) (Figures 3–9 and 3–22). Cytochrome c oxidase de-
fects indicate an alteration of the respiratory chain function
within nigral neurons (Itoh et al. 1996). Relatively few
extrapyramidal symptoms are produced by senescent de-
cline because 80% of nigral neurons must be lost to pro-
duce the symptoms of parkinsonism.

Age-related loss of neurons in the ventral tegmental
area has not been determined (Hirai 1968; Jellinger 1987),
but the ventral tegmental area is damaged by Alzheimer’s
disease (Torack and Morris 1988). Surviving catechol-
aminergic neurons progressively accumulate neuro-
melanin (Graham 1979), which displaces perikaryal RNA
and reduces nucleolar volume (McGeer et al. 1977). Senes-
cent alterations of dopamine-producing neurons in hypo-
thalamus are unknown. Concentrations of dopamine are
reduced in the striatum of individuals over age 65; however,
homovanillic acid content, the primary dopamine metabo-
lite, remains constant in tissue and CSF (Gottfries 1990;
Hartikainen et al. 1991) (Table 3–5).

Immunocytochemical and receptor autoradiographic
studies show an extensive plexus of dopaminergic fibers,
terminals, and receptors in frontal, temporal, hippocam-
pal, and parahippocampal cortices as well as basal ganglia
(Joyce et al. 1997; Lewis and Akil 1997). Abnormalities of
multiple forms of the dopamine receptor are described in
schizophrenia (Gjedde et al. 1996; Joyce et al. 1997; Okubo
1997; Sanyal and van Tol 1997). In aging, the density of the
D2 receptor that binds haloperidol in caudate nucleus de-

clines about 1% per year after age 18 (Wong et al. 1997)
and 0.6% per year over age 30 for 11C-raclopride binding in
putamen (Antonio et al. 1993). The dopamine transporter
system also declines in basal ganglia during normal aging
(Volkow et al. 1994). D1 receptor binding declines 6.9%
per decade in the caudate and 7.4% per decade in the
putamen (Wong et al. 1998). Similar D1 reductions are also
described in the frontal and occipital cortex (Hubble 1998)
(see Table 3–3).

Postmortem studies demonstrate diminished expres-
sion of mRNA for D2 receptors in putamen with no alter-
ation of D1 mRNA levels (Tohgi et al. 1998a), alterations
that can result from senescent loss of neurons in the basal
ganglia. This decline of striatal dopaminergic activity is as-
sociated with loss of fine motor functions and impaired
neuropsychological performance, for example, in the Wis-
consin Card Sorting (Heaton 1985) or Stroop Color-Word
test (Stroop 1935; Volkow et al. 1998).

Alterations of Monoamine
Oxidase and Aging

Monoamine oxidase (MAO) activity is significantly altered
in the aging human brain. MAO-A, which facilitates the
oxidative deamination of noradrenaline, serotonin, and
partially dopamine, is not drastically altered in aging.
MAO-B, which catalyzes the oxidative deamination of sev-
eral amines and partially dopamine, increases with age
(Fowler et al. 1997; Gottfries 1990). The importance of
these age-related alterations is unclear, although increased
quantities of this catabolic enzyme may result in depletion
of dopamine and other catecholamines. MAO activity is
also significantly altered in neurodegenerative disorders
such as Alzheimer’s disease (Morgan and Finch 1987; Perry
et al. 1991; Procter and Bowen 1987).

Alterations of Other Transmitter Systems

A wide array of neuropeptides function as neuro-
modulators and colocalize with other classical transmitters
such as noradrenaline and serotonin. Cortico-
tropin-releasing factor is diminished in aging; however,
other more abundant peptides such as somatostatin and
neuropeptide Y are not (Giaquinto 1988; Gottfries 1990).
Age- related alterations of precursor proteins for substance
P and enkephalin suggest a preferential loss of neurons in
putamen that produce GABA and substance P (Tohgi et al.
1997). A variety of neuropeptides are present in dystrophic
neurites and senile plaques of elderly subjects and include
somatostatin, neuropeptide Y, and corticotropin-releasing
factor (Struble et al. 1987). CSF contents (Table 3–5) of
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somatostatin and endorphin are not changed in elderly hu-
mans (Hartikainen et al. 1991). Peptide receptors are not
adequately characterized in human cortex to assess
age-related alterations (Mendelsohn and Paxinos 1991).
Studies in aging rodents show no loss of enkephalinergic
receptors or diminished receptor affinity (Ueno et al.
1988). Excitatory amino acids are common transmitters in
the human brain, and excitotoxic damage is implicated in
stroke, anoxic brain damage, and a range of neuro-
degenerative disorders (Olney et al. 1997; Whetsell 1996).
Regional tissue levels of glutamate and aspartate appear al-
tered in aging (Banay-Schwartz 1992). Inhibitory trans-
mitter systems are also altered in aging. GABAergic sys-
tems in human hippocampus and cortex are altered with
decreased GABA content and diminished GAD activity.

Signal Transduction and Aging

Signal transduction is transmitter dependent and mediated
through a variety of cellular mechanisms. Senescent alter-
ations of second-messenger systems are unclear. Phospho-
inositide-derived second messengers and protein
kinase–derived systems are altered in several neuro-
degenerative disorders such as Alzheimer’s disease and
Parkinson’s disease. Although second-messenger systems
appear stable in postmortem tissue, limited data are avail-
able for normal human aging (Pacheco and Jope 1996).
Psychiatric disorders such as schizophrenia and depres-
sion, as well as subtle alterations of signal transduction sys-
tems, can occur in the brains of elderly subjects (Fowler et
al. 1992).

Trophic Factors and Aging

Trophic factors are substances produced by neurons or glia
that maintain or promote the growth and integrity of cell
populations. Receptors exist for trophic factors (Hefti and
Mash 1989), and synthesis of these substances can be regu-
lated by specific transmitter systems (Thoenen et al. 1991).
The neurotrophins include nerve growth factor,
brain-derived neurotrophic factor, neurotrophin-3, and
neurotrophin-4 (Fuxe and Agnati 1992). Glial cell line–de-
rived neurotrophic factor (GDNF) is produced from glial
cells and affects neurons (Gash et al. 1998).

Nerve growth factor is best characterized by and is
comprised of three subunits: α, β, and γ. Biological activity
appears to be present in the β subunit. Nerve growth factor
receptors are present in the human nucleus basalis of
Meynert (Figure 3–6) and in sympathetic neurons (Hefti
and Mash 1989; Hefti et al. 1989). This peptide promotes
neurite extension and stimulates the activity of tyrosine hy-

droxylase and dopamine β-hydroxylase (Fuxe and Agnati
1992). Nerve growth factor is essential to the normal devel-
opment and maintenance of cholinergic neurons. Admin-
istration of nerve growth factor to aging rodents will re-
verse the age-related dendritic spine loss of cortical
pyramidal neurons (Mervis et al. 1991).

At the cellular level, nerve growth factor may increase
the degradation of superoxide radicals and hydrogen per-
oxides. Human data suggest an age-related reduction in the
synthesis of nerve growth factor (Hefti et al. 1989). Nerve
growth factor protects damaged cholinergic forebrain
neurons in monkeys, and a similar protective role is postu-
lated for human neurons.

Other peptides such as insulin-like growth factor,
platelet-derived growth factor, and fibroblast growth fac-
tor affect the production of neurites, development of glia,
and regulation of nigrostriatal neurons in nonhuman mod-
els. GDNF is one of many new molecules that promote re-
covery of damaged neurons. GDNF has distinct neuronal
receptors and activity on dopaminergic neurons. Infusion
of GDNF into rhesus monkey increases dopaminergic
neuronal size and neurite extent (Gash et al. 1998). Growth
factors such as GDNF can arrest or reverse some of the
atrophic changes in aging and are a focus of pharmacologi-
cal research for neurodegenerative diseases like Alzhei-
mer’s or Parkinson’s disease.

Neuroendocrinology of Aging

Senescent endocrinological changes of the pancreas, thy-
roid, and ovary produce significant direct or secondary
brain alterations. Multiple other endocrine systems de-
velop important age-related alterations mediated by
changes in the hypothalamicopituitary axis (Table 3–6).
The human hypothalamus consists of multiple nuclei adja-
cent to the third ventricle (Figure 3–6). The hypothalamus
receives noradrenergic, serotonergic, and cholinergic
innervation (Mendelsohn and Paxinos 1991) affecting con-
trol of many pituitary-releasing factors. These small clus-
ters of neurons control the pituitary gland via direct
neuronal input or via factors released into the hypophysial
portal system. The pituitary gland is a small collection of
cells in the sella turcica and is divided into an anterior and
posterior lobe. The anterior pituitary secretes multiple
hormones, that is, growth hormone, thyroid-stimulating
hormone, etc., while the posterior pituitary secretes
oxytocin and vasopressin. Hypothalamic control of neuro-
endocrine functions is regulated by catecholaminergic in-
puts that influence the release of inhibiting factors.

Aging humans undergo a series of senescent sexual and
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neuroendocrinological alterations (Rance et al. 1993). Cir-
culating gonadotropins and hypothalamic nuclei manifest
age-dependent, gender-specific alterations. Senescent hy-
pothalamic neurons can atrophy, hypertrophy, or remain
constant.

The sexually dimorphic nucleus and the preoptic area
of the human hypothalamus contain neurons whose den-
sity and size are gender specific (Hofman and Swaab 1989).
These neurons undergo a series of orderly, predictable
changes with age. Sexually dimorphic structures have a
sex-dependent pattern of growth and decay (Hofman and
Swaab 1989). Males have a 43% reduction and females
have a 62% reduction of the volume of the sexually dimor-
phic nucleus-preoptic area of young (20–30 years) versus
old (70–90 years) control subjects. This contrasts with 6%
reductions of net brain volume and 20%–25% reductions
of basal forebrain structures (Hofman and Swaab 1989).
Alterations of these nuclei may reflect the gen-
der-dependent patterns of human sexual aging.

Menopause occurs in most women around age 50 and
includes many physiological and psychological alterations.
Menopause is caused by disruption of the gonadal-
hypothalamic-pituitary cycle through loss of cyclical ovar-
ian estrogen production (Lamberts et al. 1997; Rance
1992). The number of human ova peaks in utero at

mid-gestation (7 million) and is 1 million at birth. This
number falls to 400,000 at menarche. This gradual ovarian
attrition from ages 20 to 50 ends in ovarian follicles unre-
sponsive to gonadotropins. Levels of serum folli-
cle-stimulating hormone and luteinizing hormone rise as
levels of serum estrogens fall (Evans and Williams 1992;
Hazzard et al. 1990). Estrogen is important because this
hormone probably retards atherosclerotic heart disease,
osteoporosis, and Alzheimer’s disease in women (Grady et
al. 1992). The precise neural protective mechanisms of es-
trogen are unclear, although this hormone may interact
with nerve growth factor and may be neuroprotective for
hippocampal neurons. Estrogen replacement for
postmenopausal women may slightly increase risk for
breast or endometrial cancer. Each postmenopausal
woman should be considered for estrogen replacement,
weighing the modest risk of malignancy or hysterectomy
against substantial risk of heart disease, osteoporosis, and
dementia (Rowe and Kehn 1998).

The cyclical nature of the menstrual cycle may be par-
tially driven by neurons in the anterior hypothalamus,
which receive a variety of catecholaminergic inputs (Wise
et al. 1987). Rodent studies have indicated that the release
of luteinizing hormone is influenced by noradrenergic,
serotonergic, dopaminergic, and peptidergic inputs. In
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TABLE 3–6. Endocrinology of aging

System Primary abnormality Clinical consequence Effective therapy
Pituitary gland
Pituopause ↓ GH

↓ LH
↓ FSH

↑Frailty Unclear

Thyroid gland
Thyropause ↓ T3/T4 ↑TSH

Subclinical hypothyroidism
Yes

Male gonad
Andropause ↓ Testosterone Unclear No
Female gonad
Menopause ↓ Estrogen Osteoporosis

Atherosclerosis
Alzheimer’s disease

Yes

Adrenal gland
Adrenopause ↓ DHEA

↓ DHEAS
↓↑ Cortisol

↑Frailty Unclear

Pancreas
Pancreopause ↓ Insulin Diabetes mellitus Yes

Note. This table demonstrates major endocrinological alterations associated with aging. Values represent consensus opinions from multiple
sources. Therapy indicates treatments that are available, effective, and cost efficient. DHEA = dehydroepiandrosterone;
DHEAS = dehydroepiandrosterone sulfate; FSH = follicle-stimulating hormone; GH = growth hormone; LH = luteinizing hormone;
T3/T4 = triiodothyronine/tetraiodothyronine; TSH = thyroid-stimulating hormone.



postmenopausal senescent women, some hypothalamic
nuclei hypertrophy to include marked increase in the diam-
eter of infundibular neurons expressing estrogen receptors
(Rance et al. 1990) and increased tachykinin message in se-
lected hypothalamic nuclei (Rance and Young 1991).

The senescent changes of gonadotropic nuclei that
provoke the decline of sexual function in elderly men are
undefined. The male sexually dimorphic nucleus also is re-
duced in size with aging. Testosterone levels fall after age
50, and more than 60% of older men have levels below
younger men (Lamberts et al. 1997), thus producing
“andropause” (Table 3–6). The number of testicular
Leydig cells is reduced in older men. The physiological sig-
nificance of low testosterone on sexual function, muscle
bulk, and mood is unclear. The preventive use of exoge-
nous testosterone by healthy older men is limited by con-
cerns over the hormone’s hypertrophic effect on the pros-
tate gland (Rowe and Kahn 1998).

The function of the hypothalamic-pituitary-adrenal
axis has been extensively described in elderly patients, pro-
ducing the concept of “adrenopause” (Lamberts et al.
1997) (Table 3–6). Basal levels of plasma cortisol may in-
crease with age, but the reactivity of the axis as determined
by suppression with oral dexamethasone is unchanged
(Hazzard et al. 1990; Veith and Raskind 1988). The pattern
of cortisol secretion varies significantly in elders, but the
secretion of adrenocorticotropic hormone remains rela-
tively stable (Lupien et al. 1996).

A second, important adrenal hormone is dehydro-
epiandrosterone (DHEA) and its sulfate DHEAS. This
steroid is 10 times more abundant than is cortisol, and the
age-related decline of DHEA/DHEAS levels is associated
with loss of physical and functional ability. These precursor
steroids are transformed into active androgens or
estrogens in peripheral target tissue. Plasma DHEA levels
peak at age 20 and decline with age, resulting in levels at
70% normal around age 60 and 20% at age 85. In older
men, lower DHEA levels are associated with higher mor-
tality rates at 2 and 4 years following assessment (Berr et al.
1996). DHEA replacement may benefit elders, but the risk
of long-term therapy is unclear. Thus, DHEA supple-
mentation is not recommended for elderly subjects (Rowe
and Kahn 1998).

Growth hormone is released from the pituitary gland
in pulses that remain constant during aging; however, the
pulse amplitude, and hormone secretion are diminished
(Table 3–6). The fall in circulating growth hormone causes
the liver and other organs to reduce production of insu-
lin-like growth factor 1. Noradrenaline affects the release
of growth hormone via control of growth hormone–releas-
ing factor and somatostatin. Growth hormone secretion is

increased by adrenergic and dopaminergic receptor activa-
tion and inhibited by adrenergic stimulation. The peak of
growth hormone secretion occurs in adolescence, followed
by a progressive decline over years and a diminished num-
ber of growth hormone immunoreactive pituicytes in the
glands of elderly subjects (Veith and Raskind 1988).
Studies have shown that growth hormone injection in
older humans produces a short-term increase of lean body
mass (8.8%), skin thickness (7.1%), and bone density,
while lowering adipose tissue mass (14.4%) (Rudman et al.
1990); however, these improvements may diminish after
12 months. Growth hormone replacement is expensive
(Schoen 1991), and its potential side effects limit the use-
fulness of this therapeutic modality (Schoen 1991). Func-
tional ability may not improve with growth hormone sup-
plements, and replacement therapy is not recommended
for elderly patients (Feller and Rudman 1997; Papadakis et
al. 1996; Rowe and Kahn 1998).

Abnormalities of thyroid function are common in el-
derly patients (Table 3–6). Between 4% and 12% of sub-
jects over age 60 may have chemical hypothyroidism. Indi-
viduals over age 60 have a sevenfold increase in the
prevalence of hyperthyroidism (Evans and Williams 1992).
Fifteen percent of patients over age 60 will have elevated
blood levels of thyroid-stimulating hormone, and
one-third will develop thyroid failure when followed for 4
years. Some elderly individuals have diminished pituitary
responsiveness to thyrotropin-releasing hormone (Evans
and Williams 1992), although blunting of thyroid-
stimulating hormone response is present with depression
(Veith and Raskind 1988).

Glucose intolerance occurs in approximately 40% of
individuals over age 65, and almost half are undiagnosed.
Diabetes is a significant risk factor for cerebrovascular dis-
ease. Diabetic complications such as renal disease, neurop-
athy, or blindness produce significant neuropsychiatric
disability. Insulin production by beta cells of the pancreas
falls with aging, and peripheral insulin resistance rises. Pre-
ventive measures such as weight control, dietary modera-
tion, and exercise significantly improve glucose control in
elders.

Age-Related Alterations
of the Special Senses

Aging may affect all five of the special senses. Increased
thresholds for touch-pressure, vibration, and cooling are
present in aging. Patient deficits of olfaction, sight, and
hearing are immensely important to neuropsychiatrists be-
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cause they affect psychological testing and clinical man-
agement of patients.

Taste

Taste is mediated by a chemosensory mechanism located in
tongue, cheek margin, soft palate, and other oral struc-
tures. Impaired taste perception is common in older pa-
tients. More than 250 medications alter taste, and dentures
that cover the soft plate diminish taste perception. Taste
impairment is classified as ageusia (absence of taste) and
hypogeusia (diminished taste sensitivity). Taste thresholds
for both detection and recognition are elevated in aging.
Detection thresholds in elders are 2.7 times higher for
sweets and 11.6 times higher for salts, and such taste alter-
ation may cause elderly people with diabetes to use more
sugar and those with hypertension to use more salt
(Schiffman 1997). The neuropsychiatric sequelae of di-
minished taste include weight loss, poor compliance with
dietary restrictions, and loss in quality of life.

Olfaction

Aging humans lose multiple olfactory abilities (Kesslak et
al. 1988) including the ability to perceive odors, odor dis-
crimination, odor recognition, and olfactory memory
(Giaquinto 1988). Alteration of nasal mucosa, cribriform
plate stenosis, airway pathology, and other factors contrib-
ute to olfactory loss (Doty 1991). Age-related olfactory
histopathology, such as neurofibrillary tangles, begins to
occur in individuals over age 50 (Doty 1991). Olfaction as-
sociation areas such as amygdala and uncal cortices are fre-

quently damaged in aging (Braak and Braak 1991; Kemper
1984). Patients with Alzheimer’s disease demonstrate
olfaction deficits and neuropathology in all components of
the olfactory pathway (Hyman et al. 1991; Kesslak et al.
1988; Talamo et al. 1989). The loss of taste and smell can
reduce the drive to eat, a problem corrected with simple di-
etary or behavioral intervention, for example, flavor and
odor enhancement of foods (Schiffman 1997).

Vision

Senescent visual loss results from environmental, genetic,
metabolic, and vascular etiologies (Evans and Williams
1992; Hazzard et al. 1990). Visual impairment is common
in elderly individuals, and frequent causes include
opacification of the cornea (cataracts), increased
intraocular pressure (glaucoma), retinal damage (diabetic
retinopathy), deterioration of the macula (macular degen-
eration), or disturbance of ocular optics (presbyopia) (Ta-
ble 3–7) (Abrams et al. 1995). Visual thresholds begin to de-
cline between ages 30 and 40. Approximately 17% of all
elders and 36% of individuals over age 80 have
opacification of the lens (Giaquinto 1988). Low vision and
blindness are common in those over age 85; however,
one-half may never seek specialty care, and many can be as-
sisted with simple interventions such as improved home
lighting (Evans and Williams 1992). Diabetic retinopathy
accounts for 10%–20% of blindness in subjects 65–74
years old and macular degeneration, for 50% of those over
age 85 (Evans and Williams 1992; Hazzard et al. 1990) (Ta-
ble 3–7).

The central visual fields, that is, area 17, include 140

Neurobiology of Aging 65

TABLE 3–7. Common causes and treatment of low vision in the elderly

Type Location of lesion Etiology Therapy Clinical symptoms
Cataract Lens Age-related lens

degeneration
Lens extraction Like a blurry film over

the eye
Glaucoma Anterior chamber Increased intraocular

pressure
Open angle 80%
Angle-closure 10%

Medication
Surgery or medication

Progressive insidious loss
of peripheral vision

Macular
degeneration

Retinal area for
central vision

Primary retinal
degeneration
Wet type 10%
Dry type 90%

Laser surgery
None

Patient cannot focus clearly
on an object as a result of
loss of central vision

Diabetic
retinopathy

Multiple foci on
retina

Diabetic vascular
disease and
hemorrhage

Laser therapy
Prevention

Multifocal, variable loss of
vision—described as
looking through the top
of a salt shaker

Note. This table describes common causes of visual loss encountered during the treatment of elderly patients.



million neurons in adult brain. A minimal number of neu-
rons are lost with aging, and age-related reduction of visual
cortical surface area may result from loss of neuropil, for
example, in synapses (Leuba and Kraftsik 1994).

Primate studies show that visual information is pro-
cessed along two pathways involving temporal and parietal
cortices. A striate-inferior temporal circuit processes in-
formation about form and color distinction (J. H. Morrison
et al. 1991). A striate-parietal pathway processes visuo-
spatial and motor data. The effect of aging on these inter-
connected, high-level association cortices is not known;
however, these brain regions are damaged in Alzheimer’s
disease (Hof and Morrison 1990) and other dementias.

Low vision can worsen neuropsychiatric symptoms
and complicate management. Recognition of low vision,
correction of refractive error, and maximal use of environ-
mental light are important in management of the geriatric
population (Table 3–7).

Auditory Functions

Hearing impairment is a chronic condition that affects
30% of individuals over age 65. Auditory impairment
worsens with age and affects 60% of individuals ages 71–80
(Davis et al. 1990). High-frequency hearing loss increases
with aging and is usually caused by mechanical failure.
Causes of hearing loss in elderly people include disorders
of the outer, middle, and inner ear. Cerumen impaction is a
common problem of the outer ear (Gulya 1992). Hearing
loss from damage to the inner ear has four primary causes:
1) sensory presbycusis, 2) neural presbycusis, 3) strial
presbycusis, and 4) cochlear conductive presbycusis. Pre-
cise epidemiological data are limited because correlative
histopathological studies of the auditory apparatus are few,
and many conditions have mixed pathology. Most
age-related hearing loss is mechanical, and age-related
histopathology (e.g., senile plaques or neurofibrillary tan-
gles) is not reported in the peripheral auditory system.
Conductive or sensorineural hearing loss can be improved
with appropriate hearing amplification. The auditory cor-
tex can be severely damaged in Alzheimer’s disease (Esiri et
al. 1986), in which a specific pattern of atrophy shows
shrinkage of the association cortex (i.e., the superior tem-
poral gyrus [Brodmann’s areas 22 and 52]), with sparing of
the primary auditory cortex (i.e., the transverse temporal
gyrus [Brodmann’s areas 41 and 42]) (Figure 3–8).

Subtle auditory impairment may be difficult to detect
in the elderly patient who has developed accessory meth-
ods such as lip and face reading. Even mild (10 dB) hearing
loss can significantly lower quality of life (Bess et al. 1989).
Hearing loss can remain undetected by caregivers, and this

communication problem can be misinterpreted by care-
givers as patient obstinacy. Unrecognized hearing loss can
produce neuropsychiatric symptoms that are preventable
or reversible such as confusion or irritability.

Aging of the Autonomic and
Peripheral Nervous Systems

Autonomic regulation involves a balance between sympa-
thetic and parasympathetic innervation. These two sys-
tems include neurons in hypothalamus, brainstem, spinal
cord, and peripheral ganglia. Small-diameter myelinated
and unmyelinated axons conduct impulses to target organs
(McLeod and Tuck 1987). The number and density of pe-
ripheral or autonomic myelinated fibers are reduced in ag-
ing rodents and humans (Knox et al. 1989).

Aging of the human sympathetic nervous system re-
sults in a mixture of clinical alterations. Essential hyperten-
sion is an age-related disorder that has both central and pe-
ripheral causes (Evans and Williams 1992), and orthostatic
hypotension is a common problem in the elderly. Postural
hypotension occurs in 20% of selected geriatric patients
and complicates the prescription of psychotropic medica-
tions (Mader 1989; see also Chapter 29 in this volume).
Antihypertensive agents can cause depression in elderly
patients. Individuals over age 65 are sensitive to the
orthostatic effects of the tricyclic antidepressants. Al-
though senescent changes occur in brainstem and spinal
cord (Clark et al. 1984), the age-related alterations of cen-
tral nuclei that control autonomic function are unknown. A
progressive, age-related loss of sympathetic neurons oc-
curs in the intermediolateral column of the spinal cord.
These neurons span from T1 to L2 and are involved with
vasomotor tone.

Sympathetic control of blood pressure is maintained
through a complicated interaction of central, peripheral,
and neuroendocrine interactions. The sympathetic ner-
vous system is inhibited in the medullary brainstem and
spinal cord through centrally located adrenergic mecha-
nisms. Obesity is associated with increasing plasma
norepinephrine levels, and older subjects have higher total
body fat. Plasma norepinephrine is elevated in aging; how-
ever, the net effect of aging on the peripheral sympathetic
tone is unknown (Rowe 1987). Senescent alterations are
reported for sympathetic innervation to other organs.

Age-related pathologies (e.g., neurofibrillary tangles,
senile plaques, and dystrophic neurites) occur rarely in the
human spinal cord and peripheral nervous system, al-
though neurofibrillary tangles are reported in the human
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superior cervical ganglion (Kawasaki et al. 1987). Aging
humans have reduced numbers of neurons in myenteric
ganglia (Gomes et al. 1997). Lewy bodies are present in Au-
erbach’s and Meissner’s plexuses in elderly subjects, as well
as in those with Parkinson’s disease (Wakabayashi et al.
1988). Sympathetic innervation of human spleen is not de-
scribed, but aging rodents have markedly diminished
splenic noradrenergic innervation (Madden et al. 1998).

The aging of the human parasympathetic nervous sys-
tem is poorly understood. A senescent loss of small-
diameter peripheral nerve fibers may contribute to para-
sympathetic dysfunction. Sacral parasympathetic neurons
are damaged in parkinsonism (Oyanagi et al. 1990). Many
drugs with anticholinergic side effects alter parasympa-
thetic tone (N. L. Peters 1989).

The spinal cord and peripheral nervous system dem-
onstrate subtle age-related changes. The number of ante-
rior horn cells declines with aging, possibly in response to
changes in trophic factors such as neurotrophin 3,
neurotrophin 4, and insulin-like growth factor 1. The
number of swollen axons in spinal cord increases with ag-
ing, and amyotrophic lateral sclerosis is a disease of older
individuals (Clark et al. 1984). Age-related loss of vibra-
tory, tactile, and thermal response over lower extremities
may reflect loss of myelinated axons in the peripheral ner-
vous system (Flanigan et al. 1998).

Aging and the Immune System

The interaction of brain aging and the immune system can
be viewed two ways: the effect of aging brain on immune
function or the effect of an aging immune system on the
brain. Components of the immune system, such as spleen,
thymus, and lymph nodes, receive direct noradrenergic
innervation and respond to substances (e.g., cortisol) pro-
duced by the neuroendocrine system. Selected products of
the immune system are CNS-active and may complete the
feedback loop to the CNS (Cotman et al. 1987; Madden et
al. 1998).

The brain does not have a system of lymphatics or lym-
phoid tissue like other organs do (e.g., lung or gastrointes-
tinal tract) (Adams and Duchen 1992). Microglia, the im-
mune cells of the brain, are either hematogenous or CNS
constituents. Subjects without neurological disease who
are over age 60 have increased numbers of activated
microglial cells that express the cytokine interleukin-1, and
the number of enlarged or phagocytic microglial cells is in-
creased, whereas quiescent cells are unchanged (Mrak et al.
1997; Thomas 1992).

Interleukin-1, a cytokine that mediates acute phase re-

action, innervates key endocrine and autonomic neurons in
human hypothalamus that affect many components of the
acute phase immune reaction (Breder et al. 1988).
Interleukin-2 is centrally active and affects firing of locus
ceruleus neurons (Nistic and De Sarro 1991).
Interleukin-1 mRNA content is increased in aging brain.

Many systemic diseases of the elderly population, such
as arthritis, are immune mediated. The intact blood-brain
barrier provides some protection against autoimmunity;
however, age- and disease-related changes increase its per-
meability for selected immunoglobulins. Brain-directed
autoantibodies are absent in young subjects, but some
older humans produce antibodies that recognize neurons
and astrocytes (Gaskin et al. 1987), including cholinergic
neurons (Lopez et al. 1991). Astrocytes and microglial cells
participate in the immune response of the brain by present-
ing antigen to T cells (Cotman et al. 1987). Microglia are
present in senile plaques (Figures 3–10 and 3–21) and asso-
ciated with intracellular and extracellular neurofibrillary
tangles (Cras et al. 1991). Anti-inflammatory drugs may
slow the progression of Alzheimer’s disease by altering the
brain’s immune response to degenerative changes.

Nutritional Deficiencies in Aging

A linear decline of food intake occurs from age 20 to 80.
The increased obesity in aging may result from decreased
physical activity or metabolic changes. The physiology of
age-related anorexia is unclear, but increased circulating
cholecystokinin in older subjects may diminish food intake
and appetite (Morley 1997). Elderly individuals have sig-
nificant risks for vitamin deficiencies that produce direct or
indirect CNS complications.

Cobalamin or vitamin B12 deficiency is common in the
elderly, and subnormal serum cobalamin levels are present
in approximately 5% of elderly individuals, although esti-
mates range as high as 40% (Stabler et al. 1997). Vitamin
B12 deficiency is caused by poor nutrition or impaired gas-
tric absorption (Carmel 1997), although this disorder
rarely produces pernicious anemia. Low vitamin B12 can
lead to neurological disorders, and this deficiency can be
avoided by supplementing the diet with 1 mg/day (Rowe
and Kahn 1998).

Folic acid is available in green leafy vegetables, fruits,
and liver, and its deficiency will elevate serum homo-
cysteine. Accelerated atherosclerosis is common in young
patients with homocystinuria, and high serum homo-
cysteine is associated with increased risk for stroke, heart
disease, and cognitive decline in elders. Low serum folate
may worsen cognitive loss in patients with dementia
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(Fioravanti et al. 1997). Folate and cobalamin are essential
to DNA synthesis and repair. Folic acid deficiency can be
avoided by daily supplementation of 400 µg/day (Rowe and
Kahn 1998).

Falls and fractures are serious patient complications to
the geriatric neuropsychiatrist. Normal serum calcium lev-
els in elders do not predict normal bone density. Older in-
dividuals at risk for osteoporosis should have a simple,
cost-effective bone density screening using the dual energy
X-ray absorption test. The daily calcium requirement for
healthy elders is 1200 mg, but the average diet supplies
200–800 mg/day, requiring a supplement of 500 mg/day.
Elders need 700 IU of vitamin D/day to sustain calcium ab-
sorption from the intestine (Rowe and Kahn 1998). Addi-
tional therapeutic interventions are used for patients with
documented osteoporosis.

Neurobiology of Aging in Patients
With Chronic Mental Illnesses

The neurobiology of aging in patients with chronic mental
illnesses can differ from that of healthy individuals. Assess-
ment of age-related alterations in patients with chronic
mental illness is complicated by the effect of chronic
neuroleptic usage, nutrition, environment, and health sta-
tus. Current hypotheses suggest that schizophrenia results
from neuronal migrational abnormalities, genetic factors,
and environmental influences (Barta et al. 1990;
Weinberger 1987). Subtle changes in temporal lobe, fron-
tal cortex, and hippocampus are described in brain imaging
and autopsy studies (Powers 1999). Other disorders such as
mental retardation, autism, and dyslexia (Galaburda et al.
1985; Hier et al. 1978) can involve abnormalities of
neuronal migration in brain regions such as hippocampus
and planum temporale (Figure 3–8). The neurobiology of
aging in migrationally disordered brain is unknown.

Patients with chronic mental illness have normal aging
of organs in cardiovascular, pulmonary, and renal systems.
Excessive rates of natural death can result from complica-
tions of physical disorders produced by psychosocial fac-
tors (Black et al. 1987), such as medical noncompliance,
poverty, and unavailability of health care services. Medical
illness in patients with serious mental illness is under-
diagnosed by one-third of primary care doctors and
one-half of psychiatrists (Jeste 1996).

Studies of brains from elderly patients with chronic
schizophrenia have demonstrated conflicting data on the
numbers of senile plaques, neurofibrillary tangles, and vas-
cular alterations as compared with those of age-matched

control subjects (Arnold et al. 1998; Purohit et al. 1998). A
meta-analysis of 10 postmortem studies showed that el-
derly patients with schizophrenia have age-related pathol-
ogy similar to age-matched control subjects (Baldessarini
et al. 1997). Postmortem studies of patients who receive
long-term neuroleptic therapy demonstrate no specific pa-
thology, and normal levels of iron are found in basal gan-
glia. The expression of the cytoskeletal epitopes, that is,
microtubule-associated protein 2 and microtubule-
associated protein 5, is altered in hippocampal subicular
neurons (Arnold et al. 1991) of subjects with schizophrenia
and of patients with serious mental illness. Such alterations
of cytoskeleton may reflect abnormal development as op-
posed to abnormal aging.

Animal Models for the
Neurobiology of Aging

Animal aging models include sheep, monkey, bear, dog,
and others (Brizzee et al. 1978; Cork et al. 1988; Maurer et
al. 1990). Brain weights of aging monkeys remain relatively
constant over time (Herndon et al. 1998). Dystrophic
neurites and senile plaques are described in all animals
models, and substantial numbers of neurofibrillary tangles
are described in the brains of aging bears and sheep (Cork
et al. 1988). Other age-related changes such as granulo-
vacuolar degeneration, Hirano bodies, and Lewy bodies
are not described (Figures 3–9 and 3–23). Hypertensive ro-
dents demonstrate some brain alterations (Wyss and Van
Groen 1992; Wyss et al. 1992). Monkeys with surgically in-
duced hypertension will manifest cognitive deficits and
multiple cortical infarctions. Animal models for Parkin-
son’s disease have significant limitations, and some degen-
erative diseases, such as frontotemporal dementia, diffuse
Lewy body disease, etc., exist only in humans.

Aging primates demonstrate subtle cognitive decline
similar to that of elderly humans (D. L. Price et al. 1991).
Senescent cognitive deficits in aging rhesus monkeys cor-
relate with alterations in prefrontal cortex and brainstem
nuclei that project to neocortex, as well as damage to cen-
tral myelin (A. Peters et al. 1996). Unlike aging humans,
aged monkeys demonstrate neither cortical atrophy nor se-
vere hippocampal damage (Herndon et al. 1998). Minimal
synaptic loss is present in the dentate gyrus of monkey hip-
pocampus (Tigges et al. 1996a, 1996b), and neurons in
layer II of entorhinal cortex are spared in aging macaques
(Gazzaley et al. 1997). Aging monkey brain can develop se-
nile plaques, dystrophic neurites, and congophilic
angiopathy closely resembling those of aging humans.
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Apolipoprotein E is present in senile plaques of aging
orangutans (Gearing et al. 1997). The Aβ40 peptide length
predominates in aging monkeys as opposed to the Aβ42

length in humans with Alzheimer’s disease. Very old dogs
also develop amyloid deposits in the frontal cortex with
early neuritic pathology (Satou et al.1997). Neurofibrillary
tangles are seen in aging bears, sheep, and very old primates
with advanced disease (Cork et al. 1998; Nelson and Saper
1995). Individual bear and monkey neurons will atrophy,
accumulate abnormal cytoskeletal proteins, and express
amyloid precursor protein. Markers for cholinergic,
noradrenergic, serotonergic, and peptidergic systems are
decreased in brains of aging primates, suggesting that
age-related pathology is not species specific but rather
reflects the longevity of the animal (D. L. Price et al. 1991).

Healthy Aging

The aging process alters most organ systems in the human
body; however, age-related loss of function is frequently
overestimated in disease-free organ systems of elderly pa-
tients. Cardiovascular alterations, resulting from common
diseases in the elderly such as hypertension and atheroscle-
rosis, are immensely important to the geriatric
neuropsychiatrist. Age-related loss of cardiovascular func-
tion is not dramatic in elders without heart disease (Evans
and Williams 1992; Hazzard et al. 1990). Loss of exercise
tolerance is partially explained by disuse (Evans and Wil-
liams 1992), rather than by atrophy. Age-related effects on
systemic organ systems are displayed in Table 3–8, and al-
terations of pharmacodynamics are discussed elsewhere
(see Chapter 34 in this volume). Epidemiological studies
show that walking 30 minutes per day, avoiding depression,
and maintaining a network of five friends will increase the
likelihood of successful aging (Rowe and Kahn 1998;
Seeman et al. 1995). Walking 30 minutes per day will
decrease yearly hospitalizations for atherosclerotic heart
disease by one-third, and elderly patients can regain some
exercise capacity through supervised endurance training.

Although frequently overlooked, simple preventive
measures remain effective in the elderly. Prevention of psy-
chological and physical health problems can significantly
retard the aging processes despite the role of genetics in
longevity. Syndrome X refers to a collection of prevent-
able, high-risk physical characteristics that include obesity,
glucose intolerance, hypertension, and elevated serum
lipids. Syndrome X is common in elders and predicts vascu-
lar disease. Pseudodiabetes of aging includes elevated glu-
cose and elevated insulin levels. Weight reduction and ex-
ercise, especially for “potbellied” obesity, improve glucose

metabolism and lower morbidity from syndrome X. In-
juries, osteoporosis, vitamin or nutritional deficiencies,
and some sensory deficits are preventable conditions that
increase morbidity and lower functional ability (Table
3–6).

Conclusions

The secret of successful aging is unknown. The distinction
between “normal” senescent phenomena and age-related
disease remains unclear. Human neuronal aging includes a
complex mixture of atrophy, hypertrophy, synaptic reorga-
nization, and cell death. Genetic, environmental, systemic,
and immunological factors may influence human brain ag-
ing. Smoking, exercise, and body mass in mid to late life
predict survival and disability. Elders with good health
habits survive longer and compress end-of-life disability
into fewer years (Vita et al. 1998). Simple, cost-effective
preventive measures for physical and psychological health
can slow the aging process and sustain function in elders
(Strawbridge et al. 1996).
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TABLE 3–8. Age-related alterations of
cardiovascular, renal, and pulmonary
function in the absence of intrinsic
diseases

Function Alteration
Cardiac

Heart rate No significant
change

Ejection fraction No significant
change

Physical exercise capacity Slight decrease
Pulmonary

Total lung capacity (TLC) No significant
change

Forced vital capacity (FVC) Decrease
Diffusion capacity (CDco) Decrease
Physical work capacity (VO2 max) Decrease
Partial pressure of arterial

oxygen (PaO2) Decrease
Renal

Renal mass Decrease
Renal blood flow Decrease
Glomerular filtration rate (GFR) Decrease

Source. Adapted from Evans and Williams 1992; Hazzard et al. 1990.
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4
Neurobiological Basis

of Behavior

Jeffrey L. Cummings, M.D.

C. Edward Coffey, M.D.

All behavior and experience are mediated
by the brain. No behavior, thought, or

emotion lacks a corresponding cerebral event, and abnor-
malities of human behavior are frequently a reflection of
abnormal brain structure and are accompanied by aber-
rant brain function. This premise does not deny the influ-
ence of learning, life events, education, or the socio-
cultural dimension of human existence; these factors
create the context of human behavior and exert powerful
biological, developmental, and situational influences. In
all cases, however, psychological and sociocultural effects
are mediated through brain function. Thus, a compre-
hensive approach to human behavior demands an under-
standing of the neurological basis of human cognition,
emotion, and psychopathology.

A life-span perspective adds another dimension to un-
derstanding behavior: brain function alters dramatically
from uterine life through infancy, childhood, adolescence,
adulthood, and old age. Physiological functions vary more

widely in elderly people than in young people, tolerance of
injury and potential for recovery are diminished in elderly
patients, and the types of behaviors associated with brain
dysfunction often differ depending on the age of the
patient.

In this chapter, we provide a review of the neuroana-
tomical and neurochemical basis of human behavior. First,
we present a synoptic model of behavioral neuroanatomy
as a framework for the remaining discussion. The model
divides the nervous system into three behaviorally relevant
zones: an inner zone surrounding the ventricular system, a
middle zone encompassing the basal ganglia and limbic
system, and an outer zone comprised primarily of the neo-
cortex. We present the anatomy of each zone and describe
the behavioral consequences of injury to each. Next, we de-
scribe two distributed systems; these cross the three zones
to allow information to enter the brain (thalamocortical
system) and allow impulses mediating action to exit the
brain (frontal-subcortical circuits). We also present neuro-
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psychiatric syndromes associated with abnormalities of
these systems. Finally, we integrate the biochemical basis
of behavior with this anatomical approach.

A Model of Behavioral Neuroanatomy

Paul Yakovlev developed a comprehensive model of the
nervous system in terms relevant to behavior (Yakovlev
1948, 1968; Yakovlev and Lecours 1967). He adopted an
evolutionary perspective and noted that the brain consists
of three general regions: a median zone surrounding the
ventricular system, containing the hypothalamus and re-
lated structures; a paramedian-limbic zone consisting pri-
marily of limbic system structures, basal ganglia, and parts
of the thalamus; and a supralimbic zone containing the
neocortex.

In this chapter, we present the Yakovlev ap-
proach—updated with information from more recent ana-
tomical studies (Benarroch 1997; Mesulam 1985)—as a
foundation for understanding brain-behavior relation-
ships (Figure 4–1). The median zone is immediately adja-
cent to the central canal, is poorly myelinated, and has neu-
rons with short axons that synapse on nearby cells, as well as
on cells with longer axons that project to more distant nu-
clei. The median zone contains the hypothalamus, medial
thalamus, and periventricular gray matter of the brainstem
as well as functionally related areas of the amygdala and in-
sular cortex. The system mediates energy metabolism, ho-
meostasis, peristalsis, respiration, and circulation. The
median zone contains the reticular activating system and
the nonspecific thalamocortical projections that maintain
consciousness and arousal in the awake state and partici-
pate in sleep mechanisms. No lateral specialization is evi-
dent in the median zone. This system is fully functional at
birth and is responsible for the early survival of the infant.

The paramedian-limbic zone has neurons that are more
well myelinated than the median zone, and neurons here
are grouped in nuclear structures that are connected in se-
ries. Many of the thalamic nuclei, the basal ganglia,
cingulate gyrus, insula, orbitofrontal region, hippocam-
pus, and parahippocampal gyri are included in this zone.
The paramedian-limbic zone includes the structures com-
posing the limbic system (Papez 1937). Structures of this
zone mediate the experiential aspects of emotional states.
They also mediate posture and the outward expression of
emotion in vocalization, gestures, and facial affective dis-
play. There is little lateral specialization of the paramedian
structures. Phylogenetically, this level of brain develop-
ment is present in reptiles (MacLean 1990). The
paramedian-limbic zone is partially functional at birth, and

its emerging integrity becomes evident in smiling and
crawling. Disorders of motivation, mood, and emotion are
associated with paramedian-limbic dysfunction, and this
zone is the anatomic site of structures involved in many
neuropsychiatric disorders. Parkinson’s disease with its de-
pression, apathy, akinesia, masked face, hypophonic voice,
and marked postural changes is an example of a common
disease of elderly people affecting the paramedian-limbic
zone.

The supralimbic zone is outermost in the brain and in-
cludes the neocortex and the lateral thalamic nuclei. The
neurons of this zone have long, well-myelinated axons that
project via white matter tracts to more distant targets. The
supralimbic neocortex contains the neurons mediating
higher cortical (association) functions, as well as the py-
ramidal neurons projecting to limbs, lips, and tongue. It
mediates highly skilled, fine motor movements evident in
human speech and hand control. Ontogenetically, this
zone first finds expression in the pincer grasp and articulate
speech. Phylogenetically, the supralimbic zone first ap-
pears in mammals and is most well developed in humans
(MacLean 1990). The supralimbic zone is expressed in hu-
man cultural achievements including art, manufacture,
speech, and writing. The supralimbic zone exhibits lateral
specialization with marked differences between the func-
tions of the neocortex within the two hemispheres.
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FIGURE 4–1. Updated version of Yakovlev’s model of the
nervous system demonstrating the median zone (yellow),
paramedian-limbic zone (green), and supralimbic zone (red)
Source. Modified with permission from Yakovlev PI, Lecours
A-R: “The Myelogenetic Cycles of Regional Maturation of
the Brain,” in Regional Development of the Brain in Early Life.
Edited by Minkowski A. Oxford, England, Blackwell Scien-
tific, 1967, pp. 3–65.



The supralimbic zone is vulnerable to some of the
most common neurological disorders associated with ag-
ing, including stroke and Alzheimer’s disease. For example,
the expansion of the neocortex has been at the expense of a
secure vasculature. The enlarged association areas have
created border zone areas between the territories of the
major intracranial blood vessels that are at risk of stroke be-
cause of limited interconnections and poor collateral flow;
reduced cerebral perfusion with carotid artery disease or
cardiopulmonary arrest regularly results in border zone
infarctions at the margins between these vascular territo-
ries. In addition, penetrating branches form arterial end
zones that have no collateral supply as they project through
the white matter to the borders of the ventricles. This vas-
cular anatomy creates an area of vulnerability to ischemia at
the margins of the lateral ventricles. Periventricular brain
injury has been associated with depression (Coffey et al.
1988), vascular dementia, and Binswanger’s disease. Along
with the hippocampus, the supralimbic zone is the major
site of pathological changes in Alzheimer’s disease. Focal
lesions of the neocortex result in restricted neuro-
behavioral deficits such as aphasia, apraxia, and agnosia.

This model of behavioral neuroanatomy provides an
ontogenetic life-span perspective showing the emerging
function of these structures in early life and their dis-
ease-related vulnerability in later life. The model reflects
an evolutionary perspective of the brain emphasizing its
development through time and its increasing complexity in
response to evolutionary pressures. From a clinical point of
view, most neuropsychological deficit syndromes such as
disorders of language and praxis are associated with dys-
function of the supralimbic neocortex, whereas disorders
of mood, psychosis, and personality alterations are more
likely to occur with abnormalities in the paramedian-
limbic system. The median zone is responsible for more
basic life-sustaining functions, and disturbances there are
reflected in disorders of consciousness and abnormalities
of metabolism, respiration, and circulation. Thus the pat-
terns of neuropsychiatric disturbance occurring with brain
disorders are highly organized events that reflect the his-
tory, structure, and function of the nervous system.

Neocortex (Supralimbic Zone)

Histological Organization of
the Cortex and Behavior

Brodmann originally described 46 cortical areas with dis-
tinctive histological characteristics, and Brodmann’s maps
have remained the classic guide to the histological organi-

zation of the cerebral mantle. Within Brodmann’s areas,
three types of cortex relevant to understanding behavior
have been identified: a three-layered allocortex, a
six-layered neocortex, and an intermediate paralimbic cor-
tex. The limbic system cortex such as the hippocampus has
a three-layered allocortical structure, whereas the sensory,
motor, and association cortices of the hemispheres have a
six-layered organization (Kelly 1991). In the neocortex,
layer I is outermost and consists primarily of axons con-
necting local cortical areas; layers II and III have a predom-
inance of small pyramidal cells and serve to connect one re-
gion of cortex with another; layer IV has mostly
nonpyramidal cells, receives most of the cortical input
from the thalamus, and is greatly expanded in primary sen-
sory cortex; layer V is most prominent in motor cortex and
has large pyramidal cells that have long axons descending
to subcortical structures, brainstem, and spinal cord; and
layer VI is adjacent to the hemispheric white matter and
contains pyramidal cells, many of which project to
thalamus (Kelly 1991) (Figure 4–2). Layers II and IV have
the greatest cell density and the smallest cells; conversely,
layers III and V have the lowest density and the largest cells.
Cell size correlates with the extent of dendritic ramifica-
tion, implying that cells of the layers III and V projecting to
other cortical regions have the largest dendritic domains
(Schade and Groeningen 1961).

Functional Organization of
the Neocortex

The neocortex is highly differentiated into primary motor
and sensory areas and unimodal and heteromodal associa-
tion regions (Mesulam 1985) (Table 4–1). Figure 4–3
shows the anatomical distribution of the different cortical
types in the cerebral hemispheres. Association cortex occu-
pies 84% of the human neocortex, whereas primary motor
and sensory areas account for only 16%; this indicates the
marked importance of association cortex in human brain
function (Rapoport 1990). The neocortex is organized in a
mosaic of cortical columns, and local circuit neurons (con-
fined to the cortex) compose approximately 25% of the cel-
lular population (Rapoport 1990). Cortical regions receive
and send information via white matter tracts.

Primary motor cortex occupies the motor strip in the
posterior frontal lobe and serves as the origin of the pyram-
idal motor system (Figure 4–1). Lesions of the motor cor-
tex produce contralateral weakness, particularly of the leg
flexors and arm extensors, hyperreflexia, and an extensor
plantar response. Primary somatosensory cortex is located in
the postcentral gyrus in the anterior parietal lobe, primary
auditory cortex occupies Heschl’s gyrus in the superior tem-
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poral lobe anterior to Wernicke’s area, and primary visual
cortex is situated in the calcarine region of the occipital lobe
(Figure 4–4). Lesions of these regions typically result in
contralateral hemisensory deficits (the auditory system is
an exception).

Unimodal association areas mediate the second level
of information processing in the cerebral cortex after the
primary sensory cortex. Unimodal somatosensory cortex is
located in the superior parietal lobule, unimodal auditory
cortex is situated in Wernicke’s region in the left hemi-
sphere and the equivalent area of the posterior superior
temporal cortex of the right hemisphere, and unimodal vi-
sual cortex occupies peristriate, midtemporal, and
inferotemporal cortical regions (Figure 4–5). Lesions of
these regions produce deficits confined to a single sensory
modality; the syndromes associated with dysfunction of
these regions reflect the higher level of information pro-
cessing. Wernicke’s area lesions produce fluent aphasia; le-
sions of right-sided auditory unimodal cortex produce sen-
sory aprosodia (i.e., the inability to comprehend speech
inflection and melody); and lesions of the unimodal visual
association cortex produce visual agnosias (e.g., visual ob-
ject agnosia, prosopagnosia, and environmental agnosia)
(Kirshner 1986).

The highest level of information processing in the ce-
rebral hemispheres occurs in the heteromodal association cor-
tices. It is also primarily in these regions that sensory infor-
mation from primary sensory and unimodal association
cortex is integrated with limbic and paralimbic input
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FIGURE 4–2. Histological structure of six-layered
neocortex.
Source. Reprinted with permission from Carpenter MB: Core
Text of Neuroanatomy, 4th Edition. Baltimore, MD, Williams
& Wilkins, 1991, p. 391. Copyright 1991 Williams & Wilkins.

TABLE 4–1. Structure and function of different types of cerebral cortex

Cortex
Layer

number Brain regions Relevant behaviors
Neocortex

Primary cortex
Koniocortex
Macropyramidal

6
6

Primary sensory cortex (parietal)
Primary motor cortex (motor

cortex)

Vision, hearing, somatic sensation
Movement

Unimodal association
cortex

6 Secondary association (parietal,
temporal, occipital cortex)

Modality-specific processing of
vision, hearing, and somatic
sensation

Heteromodal association
cortex

6 Multimodal association (inferior
parietal lobule, prefrontal
cortex)

Higher-order association

Allocortex
Archicortex 3 Hippocampus Memory
Paleocortex 3 Piriform cortex Olfaction

Paralimbic (mesocortex) 4, 5 Orbitofrontal cortex, insula,
temporal pole, parahippocampal
gyrus, cingulate gyrus

Emotional behavior



(Mesulam 1985). Two heteromodal association regions are
recognized in the human brain: the inferior parietal lobule
and the prefrontal cortex (Figure 4–6). Dysfunction of
these areas produces complex behavioral deficits that tran-
scend single modalities. Lesions of the left inferior parietal
lobule produce the angular gyrus syndrome with alexia,
agraphia, acalculia, right-left disorientation, finger
agnosia, anomia, and constructional disturbances (Benson
et al. 1982). Right-sided inferior parietal lesions produce
visuospatial deficits affecting constructions, spatial atten-
tion, and body-environment orientation. Prefrontal corti-
cal dysfunction produces deficits in motor programming,
memory retrieval, abstraction, and judgment (Stuss and
Benson 1986). Posterior heteromodal association cortex
dysfunction observed with inferior parietal lobe lesions re-
flects abnormalities of the highest level of processing of in-
coming sensory information; anterior heteromodal associ-

ation cortex dysfunction in conjunction with prefrontal
disturbances produces deficits in active organizational or
executive behaviors.

Thus a behavioral neuroanatomy can be discerned in
the organization of the cerebral cortex. Information pro-
cessing proceeds through progressively more complicated
levels of analysis and integration and is then translated into
action through a series of executive processes (using ante-
rior heteromodal cortex and supplementary and primary
motor cortex). Each cortical region carries on specific
types of information processing activities, and regional in-
jury or dysfunction produces a signature syndrome. From a
clinical perspective, neurobehavioral and neuropsy-
chological abnormalities such as aphasia, aprosodia, and
agnosia are products of dysfunction of neocortical associa-
tion cortex or connecting pathways. Although each region
has unique functions, each also contributes to more com-
plex integrative processes required for human experience
and behavior.

White Matter Connections

White matter of the brain consists of myelinated axons of
neurons and contains three types of fibers: 1) projection fi-
bers that connect the cortex with the basal ganglia,
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FIGURE 4–3. Distribution of different histological types of
cortex in the human cerebrum. The hippocampal allocortex is
shown in white, paralimbic cortex in green, unimodal associa-
tion cortex in yellow, multimodal association cortex in red, and
primary motor and sensory cortex in blue.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.

FIGURE 4–4. Primary motor (red) and sensory (blue) cor-
tex. Source. Image courtesy of M. Mega and the UCLA Lab-
oratory of Neuroimaging.



thalamus, brainstem, and spinal cord; 2) association fibers
that interconnect cortical regions of the same hemisphere;
and 3) commissural fibers that connect the two hemi-
spheres with each other (Carpenter and Sutin 1983). The
principal projection tracts include the efferent corticostriatal
projections; corticothalamic connections; corticobulbar,
corticopontine, and corticospinal fibers; and the afferent
thalamocortical radiations. There are also short and long
association fibers. The short association or “U” fibers con-
nect adjacent sulci; the long association fibers form large
tracts connecting more distant regions within each hemi-
sphere (Figure 4–7). The main long association tracts are
the uncinate gyrus connecting the orbitofrontal region
with the anterior temporal cortex, the arcuate fasciculus
projecting between the temporal lobe and the superior and
middle frontal gyri, the superior longitudinal fasciculus
reaching between parieto-occipital and frontal cortices,
the inferior longitudinal fasciculus connecting the
parieto-occipital region with the temporal lobe, and the
cingulum containing fibers connecting frontal and parietal
regions with the hippocampus. The commissural fibers are
situated in the massive corpus callosum interconnecting all
lobes of one hemisphere with areas of the contralateral

hemisphere and in the more diminutive anterior
commissure interconnecting the olfactory regions and the
middle and inferior temporal gyri of the hemispheres (Fig-
ure 4–8).

Intact cerebral function depends on the integrity of the
axons of the white matter, as well as on the activity of the
neurons of the gray matter. White matter diseases with dif-
fuse or multifocal demyelination produce memory abnor-
malities, dementia, depression, mania, delusions, and per-
sonality alterations. Focal lesions of white matter tracts
produce a number of disconnection syndromes that arise when
critical neuronal areas are uncoupled by an intervening le-
sion (Geschwind 1965; Kirshner 1986). Table 4–2 summa-
rizes the principal disconnection syndromes.

Disruption of commissural fibers by stroke, surgery, or
trauma disconnects the left and right hemispheres, and sev-
eral commissural or callosal syndromes are recognized
clinically. With an anterior callosal lesion, the right hemi-
sphere controlling the left hand becomes disconnected
from the left hemisphere; thus the left hand no longer has
access to the verbal and motor skills of the left hemisphere,
and callosal apraxia, left-hand tactile anomia, and left-hand
agraphia result. When the splenium of the corpus callosum
is damaged in association with injury to the left occipital
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FIGURE 4–5. Unimodal association cortex (yellow).
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.

FIGURE 4–6. Heteromodal association cortex (red).
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.



cortex (usually from a left posterior cerebral artery occlu-
sion), the visual information available to the right hemi-
sphere cannot be transferred to the left for semantic decod-
ing, and alexia without agraphia ensues.

Disconnection syndromes also occur with lesions of
association fiber tracts. Interruption of the arcuate
fasciculus is responsible for conduction aphasia and pari-
etal apraxia. Lesions of the right inferior longitudinal
fasciculus produce prosopagnosia and environmental
agnosia, whereas bilateral inferior longitudinal fasciculus
damage causes visual object agnosia. Hemisensory deficits
and homonymous hemianopsia result from lesions affect-
ing the thalamocortical projections, and hemimotor syn-
dromes occur with lesions of the descending corticospinal
projections. The locked-in syndrome occurs with bilateral
lesions of descending corticobulbar and corticospinal pro-
jection tracts at the pontine level.

The complex histological organization of the cerebral
cortex, with its different cytoarchitectonic areas subsum-
ing different processing tasks (as described above), is re-
flected in the complex connectivity of the cerebral white
matter. White matter tracts connect specialized cortical re-
gions, and neuropsychological syndromes may reflect focal
cortical injury or disconnection of the cortical regions
through injury to the white matter connections. Discon-
nection syndromes occur with lesions of commissural, long
association, or projection fibers. Discrete neurobehavioral
syndromes have been identified and occur primarily when
lesions of callosal or association fibers disconnect
unimodal association areas (e.g., interruption of visual
processing in the agnosias or motor activities in the
apraxias).

Hemispheric Specialization,
Laterality, and Dominance

Anatomic asymmetries. The two cerebral hemi-
spheres, although grossly symmetrical, differ in some as-
pects of development, structure, and biochemical compo-
sition. Differences between the right and left hemispheres
have been shown in both the upper surface of the temporal
lobes and the inferolateral surface of the frontal lobe. The
temporal lobe area corresponding to Wernicke’s area (in
65% of cases) and the frontal region corresponding to
Broca’s area are both larger than the corresponding
right-brain regions (in 83% of cases) (Falzi et al. 1982;
Galaburda et al. 1978). The superior temporal surface is
longer and the total area is approximately one-third larger
in the left hemisphere. The sylvian fissure is longer and
more horizontal on the left, whereas it is curved upward on
the right (Galaburda et al. 1978). Cytoarchitectonic differ-
ences correspond to these morphological asymmetries:
there is a larger region corresponding to Wernicke’s area
on the left compared to that on the right.
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FIGURE 4–7. Brain dissection shows short cortico-cortical
connections and intrahemispheric connections.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.

FIGURE 4–8. Commissural fibers of the hemispheres in-
cluding the corpus callosum (blue) and the anterior
commissure (red).
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.
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Other gross asymmetries of the human brain include a
wider and longer left occipital lobe, wider right frontal lobe,
larger left occipital horn of the lateral ventricular system,
and a tendency for the left descending pyramidal tract to
decussate before the right in the medulla (Galaburda et al.
1978). Asymmetries of neurotransmitter concentrations
also have been identified. Cortical choline acetyltransferase
activity is greater in the left than in the right temporal lobe
(Amaducci et al. 1981).

Cerebral asymmetries do not occur in the brains of
nonprimates but are present in gorillas, chimpanzees, and
orangutans, as well as in humans (LeMay 1976). Studies of
endocasts of fossil skulls reveal that brain asymmetries simi-
lar to those of modern humans were evident in the brains of
Neanderthal people 40,000 years ago and may have been
present as early as 400,000 years ago in Peking man
(Galaburda et al. 1978).

Investigations of asymmetries between the two hemi-
spheres have identified differences at the gross morphologi-
cal level, in the cytoarchitectonic structure of the hemi-
spheres, in the shape of the brain, in the shape of specific
aspects of the ventricular system, and in the concentrations
of neurotransmitters. The magnitude of these differences is
relatively small and does not correspond to the marked dif-
ferences in hemispheric function. The means by which the
dramatic differences in function of the two hemispheres are
achieved remain enigmatic. The advantage of hemispheric
specialization and lateralized development of functional ca-
pacities is that the capacity of the human brain is nearly dou-
bled (Levy 1977). The principal disadvantage is that reduced
redundancy exaggerates the effects of lateralized cerebral in-
jury; in humans, a unilateral lesion often has devastating be-
havioral consequences because of the limited compensatory
capability of the contralateral hemisphere.

Asymmetric cognitive function of the hemi-
spheres. Hemispheric specialization refers to the
differential functions of the two hemispheres. Nearly all
human behavior has contributions from both hemi-
spheres, and complex behavior requires the integrated ac-
tion of both halves of the brain. Almost no skills are com-
pletely unique to one hemisphere. Nevertheless, the two
hemispheres differ substantially in their potential for
many skills and are differentially engaged in most tasks.
Numerous attempts have been made to identify
antinomies of function that characterize the right and left
hemispheres (i.e., verbal versus nonverbal, propositional
versus appositional, and holistic versus analytic); none of
these have been entirely successful, and it is unlikely that
the brain is organized along such polar dimensions. A
more accurate approach is to acknowledge that the two
hemispheres perform different but not necessarily corre-
lated or complementary roles. Table 4–3 lists capacities
mediated to a significantly different extent by the two
hemispheres.

Language is the best known example of a lateralized
function. The right hemisphere mediates the prosodic
apects of verbal expression; the left brain mediates propo-
sitional speech. The left hemisphere is specialized for
symbol usage including words (spoken, written, heard,
and read), mathematical symbols, symbolic gesture, and
verbal memory. The left brain is language dominant in
nearly all right-handed individuals and in most
left-handed people. The lateralization of language func-
tions is not complete, and rudimentary language skills are
present in the right brain.

Praxis refers to the ability to execute learned move-
ments on command. This ability is mediated by the left
hemisphere, and most instances of apraxia occur in pa-

TABLE 4–2. Fiber tracts and related disconnection syndromes of the cerebral hemispheres

Fiber type Tract Symptoms
Commissural Corpus callosum

Splenium

Left-hand tactile anomia, left-hand agraphia, left-hand apraxia,
inability to match hand postures or tactile stimuli of the two
hands, reduced constructional skills in the right hand

Alexia without agraphia (this syndrome occurs when there is a
left occipital injury and right homonymous hemianopsia in
addition to the splenial lesion)

Association Arcuate fasciculus
Arcuate fasciculus
Inferior longitudinal fasciculus (right)
Inferior longitudinal fasciculus

(bilateral)

Conduction aphasia
Parietal apraxia
Prosopagnosia, environmental agnosia

Visual object agnosia
Projection Corticospinal tract Locked-in syndrome



tients with left-sided brain injury.
The right hemisphere is dominant for visuospatial func-

tions, but the left hemisphere has considerable visuospatial
ability and left-hemisphere injuries frequently produce at
least minor visuospatial deficits. The most marked and en-
during visuospatial abnormalities occur with lesions of the
posterior right hemisphere. Elementary visuoperceptual
skills (e.g., judging line orientation and depth perception),
complex visual discrimination and recognition abilities
(e.g., discriminating between two unfamiliar faces or rec-
ognizing familiar faces), and visuomotor skills (e.g., draw-
ing, copying, and dressing) are mediated primarily by the
right hemisphere (Kimura and Durnford 1974).

Components of music appear to be differentially pro-
cessed in the hemispheres. At least in nonprofessionals, the
left hemisphere appears to be involved primarily in the me-
diation of rhythm, whereas the right brain mediates the
perception and execution of melody (Gordon 1983).

Cortically mediated processes are well lateralized, and
neurobehavioral phenomena such as aphasia, alexia,
agraphia, amusia, abnormalities of visual discrimination
and recognition, and altered affective expression occur
with local damage to the left or right hemisphere. The cor-
tex is comprised of regionally specialized modules that can
be rendered dysfunctional by local cortical injury or by dis-
connection from other regions by white matter lesions.

Limbic System (Paramedian Zone)

Limbic system structures comprise a critical neuroana-
tomic substrate for the mediation of mood, emotion, and
motivation. Limbic dysfunction contributes to a variety of
neuropsychiatric syndromes including psychosis, depres-
sion, mania, personality alterations, and obsessive-
compulsive disorder.

“Limbic” means “border” or “hem” and was first used
in an anatomical context by Broca, the French anatomist,
to describe the structures that lie beneath the neocortex
and that surround the brainstem (Isaacson 1974). In 1937,
Papez authored the landmark article, titled “A Proposed
Mechanism of Emotion,” in which he hypothesized that
these structures surrounding the upper brainstem formed a
functional system mediating human emotion. Since then,
research and clinical observations have largely confirmed
the idea that limbic structures are involved in the mediation
of behaviors and experiences that share the common fea-
ture of having an emotional component.

As currently conceived, the limbic system includes the
hippocampus, olfactory cortex, caudal orbitofrontal cor-
tex, insula, temporal pole, parahippocampal gyrus,
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TABLE 4–3. Abilities mediated primarily by the
right or left hemisphere and
corresponding clinical deficits
resulting from lateralized lesions

Hemispheric function Correlated clinical deficit
Left hemisphere

Language
Execution
Comprehension
Reading
Writing

Aphasia
Nonfluent aphasia
Comprehension defect
Alexia
Agraphia

Verbal memory Verbal amnesia
Verbal fluency (word list

generation)
Reduced verbal fluency

Mathematical abilities Anarithmetia
Praxis Apraxia
Musical rhythm (execution) Impaired rhythm in

singing
Contralateral spatial attention Right-sided neglect
Contralateral motor function Right hemiparesis
Contralateral sensory function Right hemisensory loss
Contralateral visual field

perception
Right homonymous

hemianopia
Right hemisphere

Speech prosody
Executive
Receptive

Aprosodia
Executive aprosodia
Receptive aprosodia

Nonverbal memory Nonverbal amnesia
Design fluency (novel figure

generation)
Reduced design fluency

Elementary visuospatial skills
Depth perception
Angle discrimination

Reduced depth perception
Reduced angle

discrimination
Complex visuospatial skills

Familiar face recognition
Familiar place recognition
Unfamiliar face

discrimination

Prosopagnosia
Environmental agnosia
Impaired facial

discrimination
Visuomotor abilities

Constructional ability
Dressing (body-garment

orientation)

Constructional disturbance
Dressing disturbance

Musical melody (perception
and execution)

Amusia

Contralateral spatial
attention

Left-sided neglect

Contralateral motor
function

Left hemiparesis

Contralateral sensory function Left hemisensory loss
Contralateral visual field

perception
Left homonymous

hemianopia
Miscellaneous

Familiar voice recognition Phonagnosia



cingulate cortex, amygdala, septal nuclei, hypothalamus,
and selected thalamic nuclei (Carpenter 1991; Mesulam
1985) (Figure 4–9). The limbic system is poised between
the hypothalamus with its neuroendocrine control systems
of the internal milieu and the neocortex mediating action
on the external environment.

The principal known function of the hippocampus is
the mediation of new learning and recent memory. Local-
ized injury to hippocampus produces an amnestic disorder
with deficient storage of new information. This syndrome
has been described with hippocampal damage secondary to
stroke, anoxia, trauma, early Alzheimer’s disease, and her-
pes encephalitis.

Paralimbic cortex includes the orbitofrontal area,
insula, temporal pole, parahippocampal gyrus, and
cingulate gyrus. Paralimbic cortex is represented in brain
regions critical to emotional control, social judgment, ci-
vility, and motivated behavior. Lesions of the orbitofrontal
cortex produce marked personality changes with
disinhibition, impulsiveness, loss of tact, and coarsened be-
havior. Cingulate dysfunction results in marked apathy
with disinterest and loss of motivation (Cummings 1993).

Portions of the basal ganglia are included in the limbic
system. The head of the caudate nucleus consists of
ventromedial and dorsolateral portions. The ventromedial
section has major limbic system connections and receives
projections from the hippocampus, amygdala, cingulate
cortex, and the orbitofrontal cortex. The dorsolateral por-
tion, in contrast, receives projections from the lateral
prefrontal cortex and has little limbic input (Nauta 1986).
The globus pallidus is divided similarly into dor-
sal-nonlimbic portions and ventral-limbic portions. As
predicted by these anatomic observations, basal ganglia
diseases are commonly accompanied by emotional dys-
function and psychopathology.

Various clinical neuropsychiatric disorders are associ-
ated with limbic system dysfunction (Cummings 1985;
Doane 1986) (Table 4–4). The limbic system serves no sin-
gle unifying function, and the only common feature shared
by limbic system disorders is that they have an emotional
dimension. Limbic system lesions produce emotional dis-
turbances and rarely cause intellectual deficits. (An excep-
tion is the amnesia produced by hippocampal system le-
sions.)

Psychosis, mood disorders, obsessive-compulsive be-
havior, personality alterations, and disturbances of sexual
behavior have all been linked to limbic system dysfunction.
Psychosis occurs with lesions of the temporal lobes and
subcortical limbic system structures. The schizophre-
nia-like disorder of epilepsy occurs almost exclusively in
patients with seizure foci in the temporolimbic cortex
(Perez et al. 1985). Stroke, tumors, herpes encephalitis,
and Alzheimer’s disease are other disorders that affect the
temporal cortex and produce psychotic features in the el-
derly. At the subcortical limbic level, Huntington’s disease,
idiopathic basal ganglia calcification, and lacunar state are
examples of conditions with pathology of the limbic system
and increased frequencies of psychosis.

Mood disorders also have been related to limbic system
dysfunction (Duffy and Coffey 1997). Depression occurs
with basal ganglia dysfunction in stroke, movement disor-
ders, and idiopathic depressive disorders (Baxter et al.
1985; Cummings 1992; Starkstein et al. 1987, 1988a).
Manic behavior has been associated with disorders affect-
ing the caudate nuclei, thalamus, and basotemporal areas
(Bogousslavsky et al. 1988; Cummings and Mendez 1984;
Folstein 1989; Starkstein et al. 1988b).

Investigation of idiopathic obsessive-compulsive behavior
has revealed increased metabolism in the orbitofrontal cor-
tex (Baxter et al. 1987). Focal lesions and neurological dis-
orders producing obsessive-compulsive behavior fre-
quently involve the caudate nucleus or globus pallidus
(Cummings and Cunningham 1992).
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FIGURE 4–9. Paralimbic cortex.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.



A variety of personality alterations have been correlated
with limbic system lesions. Orbitofrontal or orbito-
frontal-subcortical circuit lesions produce disinhibited,
impulsive, and tactless behavior; temporolimbic epilepsy
has been associated with a rigid, viscous demeanor with
hypergraphia, circumstantiality, hyposexuality, and hyper-
religiosity (Brandt et al. 1985); and bilateral amygdala le-
sions produce behavioral placidity as part of the Klüver-
Bucy syndrome (Lilly et al. 1983).

Idiopathic anxiety is associated with increased tempo-
ral and decreased basal ganglia glucose metabolism (Wu et
al. 1991). Anxiety has been associated with temporal lobe
and basal ganglia disorders including Parkinson’s disease
and Alzheimer’s disease (Reisberg et al. 1989; Stein et al.
1990).

Apathy is recognized increasingly as a common behav-
ioral change in patients with brain disorders. Reduced mo-
tivation, interest, engagement, affection, and activity con-
tribute a syndrome of diminished involvement (Marin
1990). The syndrome varies in severity from mild loss of in-
terest and reduced involvement in previous affairs to an
akinetic mute state with markedly reduced movement,
speech, and intellectual content. The syndrome most com-
monly results from lesions of the anterior cingulate cortex
or related structures of the cingulate-subcortical circuit in-
cluding nucleus accumbens, globus pallidus, and thalamus
(Cummings 1993).

Disorders of sexual function also may reflect limbic sys-
tem disturbances. Diminished libido has been associated
with hypothalamic injury and with the interictal state of
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TABLE 4–4. Neuropsychiatric disorders with evidence of limbic system dysfunction

Neuropsychiatric disorder Anatomical structure implicated Diseases affecting structure
Amnesia Hippocampus, hypothalamus Stroke, anoxia, trauma, tumors, herpes encephalitis
Psychosis Temporal cortex

Striatum

Epilepsy, stroke, tumors, herpes encephalitis,
Alzheimer’s disease

Huntington’s disease, idiopathic basal ganglia
calcification, lacunar state, schizophrenia

Depression Striatum Stroke, Huntington’s disease, Parkinson’s disease,
idiopathic basal ganglia calcification, idiopathic
depression

Mania Striatum

Thalamus
Temporal cortex

Huntington’s disease, idiopathic basal ganglia
calcification

Stroke
Stroke, trauma

OCD Orbitofrontal cortex
Striatum

Idiopathic OCD
Huntington’s disease, Sydenham’s chorea, PEPD,

manganese intoxication, carbon monoxide intoxication
Personality alterations Orbitofrontal cortex

Temporal cortex
Amygdala
Striatum

Trauma, tumors, degenerative disorders
Epilepsy
Herpes encephalitis, trauma
Huntington’s disease

Anxiety Temporal cortex
Striatum

Idiopathic anxiety
Parkinson’s disease

Hyposexuality Temporal cortex
Hypothalamus

Epilepsy (interictal)
Trauma (surgical)

Hypersexuality Orbitofrontal cortex
Temporal cortex
Amygdala
Septal nuclei

Tumors, trauma
Epilepsy (ictal)
Herpes encephalitis, trauma
Trauma

Paraphilias Hypothalamus Tumors, trauma, encephalitis
Addictions Septal nuclei, hypothalamus Idiopathic addictive behavior

Note. OCD = obsessive-compulsive disorder; PEPD = postencephalitic Parkinson’s disease.



patients with temporal lobe seizure foci. Hypersexuality
has been observed in patients with orbitofrontal injury or
trauma to the septal region and as an ictal manifestation in
the course of temporal lobe seizures (Gorman and
Cummings 1992). Paraphiliac behavior including
pedophilia, transvestism, sadomasochistic behavior, and
exhibitionism has been observed in patients with temporal
lobe injury and epilepsy, basal ganglia disorders, and brain
tumors involving limbic structures (Cummings 1985;
Miller et al. 1986). Opiate and cocaine addictions appear to
be mediated in part by receptors located in limbic brain re-
gions (Gawin 1991).

Thus neocortical disorders and white matter lesions
tend to produce deficit disorders of language, praxis, and
gnosis. Limbic system disorders have little associated intel-
lectual impairment and produce diverse “productive” dis-
orders of emotional function with the new appearance of
positive neuropsychiatric symptoms.

Limbic System Asymmetries and
Lateralized Neuropsychiatric Syndromes

Anatomic and biochemical asymmetries of
the limbic system. Asymmetries of subcortical
structures are less marked than are asymmetries of cortical
regions, but the left globus pallidus, right medial
geniculate nucleus of the thalamus, and left lateral poste-
rior nucleus of the thalamus have been found to be larger
than the corresponding nuclei of the contralateral hemi-
sphere (Eidelberg and Galaburda 1982; Kooistra and
Heilman 1988). Asymmetries of neurotransmitter concen-
trations in limbic system structures have been identified.
The content of dopamine and choline acetyltransferase (a
marker of cholinergic function) is increased in the left glo-
bus pallidus compared with their content in the right
(Glick et al. 1982); norepinephrine concentrations are
greater in the left pulvinar and in the right somatosensory
nuclei of the thalamus (Oke et al. 1978); and choline
acetyltransferase activity is greater in the left than in the
right temporal lobe (Amaducci et al. 1981). Transmitter
asymmetries may underlie the differential occurrence of
mood disorders and anxiety with lesions of the left and
right hemispheres.

Lateralized neuropsychiatric syndromes. Some
aspects of emotional function are lateralized, with greater
representation in one hemisphere than in the other (Coffey
1987). Emotional functions include the perception of emo-
tional stimuli in the environment (e.g., apprehending facial
expression, comprehending voice inflection, and inter-

preting postural adjustments), the expression of emotion
(e.g., facial affective display and inflection of voice), and the
subjective experience of emotion. Emotional perception
and expression appear to be mediated primarily by the right
hemisphere. For example, the right hemisphere is superior
to the left in discriminating among unfamiliar faces, recog-
nizing familiar faces, and interpreting facial emotional ex-
pression (Borod et al. 1986). The right brain also is better
able to recognize familiar voices than is the left (Van
Lancker et al. 1989) and to comprehend the emotional in-
flection of spoken language (Tucker et al. 1977). Emotion
is more intensely expressed on the left side of the face, sug-
gesting that the right brain has more efficient access to ce-
rebral mechanisms required for affective expression
(Moscovitch and Olds 1982). Finally, the right hemisphere
also shows evidence of electroencephalographic activation
when processing emotional stimuli (Davidson 1992), and
emotional information may serve to activate the right
hemisphere (Bryden and Ley 1984).

Experiential aspects of emotion are more difficult to
study, and the underlying neurobiology is less securely es-
tablished. Information has been derived from depth elec-
trode investigations, from emotional changes reported in
association with epileptic seizures, from temporary hemi-
spheric inactivation with intracarotid amobarbital injec-
tions (Wada test), and from lesion studies. Stimulating
depth electrodes located in and around the amygdala pro-
duces the sense of déjà vu, anxiety, visceral sensations, hal-
lucinations (Halgren et al. 1978), and occasionally intense
fear or anger (Girgis 1981), irrespective of which hemi-
sphere is stimulated. Fear is the most common affect expe-
rienced in the course of spontaneous epileptic seizures.
Some studies have found a predominance of right-sided
foci (Hermann et al. 1992), but fear is also observed in pa-
tients with left-sided lesions, suggesting that this experi-
ence is not consistently lateralized (Strauss et al. 1982). De-
pression is the second most common ictal affect and occurs
with both left- and right-sided foci (Williams 1956). A
small number of patients have positive emotional experi-
ences as ictal manifestations, and laughter as an ictal behav-
ior may be more common with left- than with right-sided
seizure foci (Sackeim et al. 1982), although a consensus is
lacking regarding interpretation of this observation
(Coffey 1987). Taken together, these data suggest that
many experiential aspects of emotion are mediated by
nonlateralized limbic system structures.

An important source of information regarding the
laterality of emotional processing is the Wada test. In this
technique, amobarbital is injected into the carotid artery of
patients with epilepsy before temporal lobectomy to estab-
lish which side of the brain is dominant for language func-
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tion. The carotid is the principal arterial supply for the
ipsilateral hemisphere, and transient hemispheric inactiva-
tion follows the injection. Approximately 50% of patients
undergoing this procedure evidence a marked change in
emotion soon after the amobarbital perfusion. When the
left hemisphere is inactivated, a depressive or catastrophic
reaction occurs; when the right hemisphere is involved, pa-
tients manifest euphoria or an indifference reaction
(Loring et al. 1992).

Studies of emotional changes in patients with unilateral
lesions lead to conclusions similar to those suggested by the
Wada test. Patients with left-hemisphere lesions have more
catastrophic reactions and are more anxious and depressed;
patients with right-hemisphere lesions evidence more indif-
ference and tend to joke about, minimize, or deny their dis-
ability (Gainotti 1972). Investigation of stroke patients have
found a higher prevalence of severe depression among those
with left frontal lobe lesions, whereas patients with
right-brain lesions exhibited more undue cheerfulness or,
occasionally, frank mania (Robinson and Starkstein 1990;
see also Chapter 23 in this volume). Van Lancker (1991)
observed that many functions of the right hemisphere sub-
serve determination of the personal relevance of environ-
mental stimuli, and Weintraub and Mesulam (1983) re-
ported that children who sustained right-brain injury
characteristically had interpersonal difficulties, shyness,
and impaired prosody and gesture. An impaired ability to
comprehend personally relevant information or to execute
interpersonal cues appropriately may lead to difficulties in
establishing interpersonal relationships and to subsequent
social isolation. In elderly individuals, right-hemisphere
dysfunction may contribute to the disengagement and in-
terpersonal abnormalities evident in many patients with
right-brain strokes and dementia syndromes.

Another avenue for investigating the hemisphericity of
emotion is to search for evidence of lateral brain dysfunction
in idiopathic psychiatric disorders. A number of neuro-
psychological studies have suggested preferential right-
hemisphere dysfunction during depressed mood states that
normalizes during euthymia, and a few patients have been re-
ported to exhibit frank neurological deficits referable to the
righthemisphere thatwerepresentonlyduring thedepressed
period (for a review, see Coffey 1987). Electrophysiological
studies have demonstrated electroencephalographic changes
referable to the right hemisphere during episodes of depres-
sion (Davidson 1992), but studies of regional cerebral blood
flow and metabolism have produced conflicting findings,
with dysfunction in either or both hemispheres accompa-
nying depression (Baxter et al. 1985; Delvenne et al. 1990;
Dolan et al. 1992; Drevets et al. 1992; George et al. 1996;
Sackeim et al. 1990).

In other psychiatric disorders, several lines of evidence
point toward dysfunction of left temporal lobe structures in
schizophrenia, but this hypothesis is controversial
(Gruzelier 1983; Sedvall 1992; Suddath et al. 1989). Even
more tentative are data suggesting greater left-hemisphere
dysfunction in violent individuals and more right-brain in-
volvement in patients with conversion hysteria and
alexithymia (Flor-Henry 1983; Nachson 1983; Stern 1983;
TenHouten et al. 1986). Most idiopathic disorders have not
been found to be strongly linked to a single hemisphere.
Table 4–5 summarizes the neuropsychiatric syndromes as-
sociated with lateralized brain dysfunction.

Reticular Formation (Median Zone)

The median zone contains the reticular formation includ-
ing the ascending reticular activating system, the vaso-
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TABLE 4–5. Neuropsychiatric disorders
associated with lateralized brain
dysfunction

Neuropsychiatric disorder

Predominant
laterality of an

associated lesion
Disorders of personal relevance

Prosopagnosia (inability to recognize
familiar faces)

Environmental agnosia (inability
to recognize familiar places)

Phonagnosia (inability to recognize
familiar voices)

Affective dysprosody (inability to
inflect one’s voice or to
comprehend emotional
inflection)

Right

Right

Right

Right
Mood disorders

Depression (major)
Catastrophic reaction
Mania
Euphoria, undue cheerfulness
Indifference

Left
Left

Right
Right
Right

Possible hemispheric relationships to
other psychiatric disorders
Schizophrenia
Violent behavior
Obsessive-compulsive behavior
Conversion hysteria
Alexithymia

Left
Left
Left

Right
Right



pressor and respiratory mechanisms, and the central com-
ponents of the sympathetic and parasympathetic nervous
systems (Carpenter 1991). The reticular formation is a
dense network of neurons with short and long axons that
form nuclei in the periventricular gray areas surrounding
the cerebral aqueduct in the midbrain, is adjacent to the
floor of the fourth ventricle in the pons, and extends into
the medulla. The ascending reticular activating system
projects to the intralaminar nuclei of the thalamus, and
these in turn project to the cerebral cortex. The
intralaminar nuclei project primarily to layer I of the cor-
tex, the layer comprised of parallel fibers whose stimula-
tion results in local cortical activation (Figure 4–10).

The thalamic reticular nucleus is a unique structure
that forms a thin shell around the anterior aspects of the
thalamus and governs cortical arousal. It receives projec-
tions from the cerebral cortex, dorsal intralaminar nucleus,
and dorsal specific sensory nuclei. It has no projections to
the cerebral cortex but projects back to the dorsal thalamic
nuclei. It is positioned to serve as a gate, modifying and cen-
soring information projected from thalamus to cortex, and
its principal effect is to inhibit cortical activity (Carpenter
and Sutin 1983; Plum and Posner 1980).

Increased input from the brainstem reticular activat-
ing system reduces the tonic inhibition of the reticular nu-
cleus and activates the cortex by disinhibiting the cortical
projections of other thalamic nuclei (Plum and Posner
1980). The ascending reticular activating system is respon-

sible for the maintenance of consciousness, and distur-
bances of the system result in impaired arousal varying
from drowsiness to obtundation, stupor, and coma.

Nuclei of the reticular formation also are involved in
control of heart rate, blood pressure, and respiratory
rhythms (Carpenter 1991). Dysfunction of these nuclei re-
sults in alterations in blood pressure, cardiac arrhythmias,
and respiratory irregularities. The hypothalamus is con-
tained in the median zone, and abnormalities of basic life
functions (e.g., appetite, libido, and sleep) may occur in in-
dividuals who sustain hypothalamic injury. The hypothala-
mus influences endocrine function via its connections with
the pituitary gland, and endocrine abnormalities are pro-
duced by hypothalamic lesions.

Connections Between the Cerebral
Cortex and Subcortical Structures

Information enters the nervous system one principal way,
and there is one principal exit pathway by which humans
act on their environment. The entry pathway is via
thalamocortical afferents that receive sensory information
from peripheral sensory receptors and convey the data to
the cortex. The principal exit pathway is via the descending
corticospinal tracts, particularly the pyramidal system.
Thus the flow of information is from the thalamus to the
primary sensory cortex, unimodal association cortex, and
then heteromodal association cortex. From there, the long
association fibers connect the posterior heteromodal cor-
tex to the anterior (frontal lobe) heteromodal cortex that in
turn connects to the subcortical nuclei. After processing
through frontal-subcortical circuits, executive commands
flow to the primary motor cortex and then to bulbar and
spinal effector mechanisms. The thalamocortical afferents
and frontal-subcortical efferents are distributed systems
that include portions of both the paramedian (limbic) and
supralimbic (neocortical) zones. Activation of brain struc-
tures is not limited to the sequence described above; there
is simultaneous activation of many brain regions, as well as
feedback mechanisms from ongoing activity.

Thalamic-Cortical Relationships

The thalamus plays several crucial roles in human brain
function. Specific thalamic nuclei receive input from a rela-
tively restricted number of sources and project to layers III
and IV of the cortex.

The specific nuclei include sensory nuclei that process
all incoming sensory information except olfaction (ventral
posterior, medial geniculate, and lateral geniculate); nuclei
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FIGURE 4–10. Cortical projections from the thalamus.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.



that participate in the motor pathways (ventral anterior and
ventral lateral); association nuclei that have major connec-
tions with frontal (dorsomedial nuclei) or temporoparietal
(lateral nuclei) association cortex; and nuclei that are in-
cluded in the limbic circuits (anterior and medial nuclei)
(Carpenter and Sutin 1983; Nauta and Feirtag 1986). Ta-
ble 4–6 presents a functional classification of thalamic nu-
clei with their principal afferents and efferents.

A number of distinctive behavioral disorders have
been associated with dysfunction of the associative and sen-
sory thalamic nuclei. Disorders of the associative dorsal
medial nuclei produce amnesia and a “frontal lobe”–type
syndrome (Cummings 1993; Stuss et al. 1988). Apathy also
is common after dorsal medial nuclear injury. Lesions of
the specific thalamic sensory nuclei cause deficits in pri-
mary sensation. Ventral posterior nuclear lesions disrupt
all sensory abilities of the contralateral limbs, trunk, and
face. In some cases, spontaneous disabling pain of the af-
fected side occurs (Dejerine-Roussy syndrome) (Adams
and Victor 1981). Lesions of the lateral geniculate bodies

produce a contralateral visual field defect. Mania has been
observed in several patients with right-sided thalamic
lesions involving the paramedian thalamic nuclei
(Bogousslavsky et al. 1988; Cummings and Mendez 1984;
Starkstein et al. 1988b).

Frontal-Subcortical Circuits

The frontal lobe is the origin of executive processes that
guide action. The output from the frontal lobe is through
subcortical circuits that eventually reach motor pathways.
Five circuits connecting the frontal lobes and subcortical
structures are currently recognized: a motor circuit origi-
nating in the supplementary motor area, an oculomotor
circuit with origins in the frontal eye fields, and three cir-
cuits originating in prefrontal cortex (dorsolateral
prefrontal cortex, lateral orbital cortex, and anterior
cingulate cortex) (Alexander and Crutcher 1990; Alexan-
der et al. 1986, 1990). The prototypic structure of all cir-
cuits is an origin in the frontal lobes, projection to striatal
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TABLE 4–6. Function and anatomic relationships of the thalamic nuclei

Nuclei Input Output Function
Limbic nuclei

Anterior Mammillary body Cingulate Emotional function

Motor nuclei
Ventroanterior
Ventrolateral

Globus pallidus
Cerebellum

Frontal cortex
Frontal cortex

Motor function
Motor function

Sensory nuclei
Ventral posterolateral

Ventral posteromedial

Lateral geniculate
Medial geniculate

Sensory tracts from body

Sensory tracts from face

Optic tracts
Inferior colliculi

Parietal sensory cortex

Parietal sensory cortex

Occipital cortex
Temporal cortex

Touch, temperature vibration,
position

Touch, temperature vibration,
position

Vision
Hearing

Association nuclei
Dorsomedial
Laterala

Globus pallidus, amygdala,
temporal and frontal cortex

Sensory thalamic nucleus,
parietal and temporal cortex

Prefrontal cortex

Temporoparietal cortex

Intellectual and emotional
function

Intellectual function

Nonspecific nuclei
Midline

Intralaminar

Reticular

Hypothalamus

Reticular formation,
precentral and premotor
cortex

Thalamic nucleus and cortex

Amygdala, cingulate
hypothalamus

Striatum, cortex

Dorsal thalamic nuclei

Visceral function

Activation

Samples, gates, and focuses
thalamocortical output



structures (caudate, putamen, or nucleus accumbens), con-
nections from striatum to globus pallidus and substantia
nigra, projections from these two structures to specific
thalamic nuclei, and a final link back to the frontal lobe
(Figure 4–11).

The motor circuit originates from neurons in the sup-
plementary motor area, premotor cortex, motor cortex,
and somatosensory cortex (Alexander and Crutcher 1990;
Alexander et al. 1986). Throughout the circuit, the discrete
somatotopic organization of movement-related neurons is
maintained. Distinct types of motor disturbances are asso-
ciated with lesions at different sites in the motor circuit.
Motor initiation abnormalities (akinesia) are associated
with supplementary motor area lesions; parkinsonism and
dystonia are observed with putaminal dysfunction; and
choreiform movements occur with caudate and sub-
thalamic nucleus damage.

The oculomotor circuit originates in the frontal eye
fields, as well as in the prefrontal and posterior parietal cor-
tex. Acute lesions of the cortical eye fields produce
ipsilateral eye deviation, whereas more chronic lesions
produce ipsilateral gaze impersistence. Lesions in other ar-
eas of the circuit produce supranuclear gaze palsies such as
those seen in Parkinson’s disease, progressive supranuclear

palsy, and Huntington’s disease.
Three distinct frontal lobe neurobehavioral syn-

dromes are recognized, and each corresponds to a region of
origin of one of the three prefrontal-subcortical circuits.
Dysfunction of any of the member structures of the circuits
results in similar circuit-specific behavioral complexes, and
these frontal-subcortical circuits compose major anatomic
axes governing behavior (Cummings 1993). The dorso-
lateral prefrontal circuit originates in the convexity of the
frontal lobe and projects primarily to the dorsolateral head
of the caudate nucleus (Alexander and Crutcher 1990; Al-
exander et al. 1986) (Figure 4–12). This caudate region
connects to globus pallidus and substantia nigra, and
pallidal and nigral neurons of the circuit project to the me-
dial dorsal thalamic nuclei that in turn project back to the
dorsolateral prefrontal region. The dorsolateral prefrontal
syndrome is characterized primarily by executive function
deficits. Abnormalities include developing poor strategies
for solving visuospatial problems or learning new informa-
tion and reduced ability to shift sets. Such behavioral
changes are observed in patients with dorsolateral
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FIGURE 4–11. Organization of the prefrontal-subcortical
circuits. The prefrontal cortical regions (dorsolateral pre-
frontal, orbitofrontal, and anterior cingulate) project to spe-
cific striatal regions that in turn project to globus pallidus and
substantia nigra. These structures project to thalamic nuclei
that connect to frontal lobe, completing the circuit.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.

FIGURE 4–12. Prefrontal cortical origins of the
dorsolateral, anterior cingulate, and orbital circuits.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.



prefrontal lesions, as well as in those with caudate, globus
pallidus, and thalamic dysfunction.

The orbitofrontal circuit contains primarily limbic sys-
tem structures. It begins in the inferolateral prefrontal cor-
tex and projects to the ventromedial caudate nucleus (Alex-
ander and Crutcher 1990; Alexander et al. 1986) (Figure
4–12). This caudate region projects to the pallidum and
substantia nigra. Pallidum and nigra connect to medial
portions of the ventral anterior and medial dorsal thalamic
nuclei that project back to the orbitofrontal cortex. Disor-
ders involving cortical or subcortical structures of the
orbitofrontal circuit feature marked changes in personal-
ity, including a tendency to be more outspoken, more irri-
table, and more tactless and to worry less and have an ele-
vated mood.

The anterior cingulate circuit begins in the cortex of the
anterior cingulate gyrus (Brodmann area 24) and projects
to the ventral striatum (also known as the limbic striatum),
which includes the nucleus accumbens and the
ventromedial portions of the caudate and putamen (Alex-
ander and Crutcher 1990; Alexander et al. 1986) (Figure

4–12). The most dramatic cases of anterior cingulate injury
exhibit akinetic mutism. The patients are profoundly apa-
thetic: they typically have their eyes open, do not speak
spontaneously, answer questions in monosyllables if at all,
and are profoundly indifferent. Apathy also has been asso-
ciated with lesions of nucleus accumbens, globus pallidus,
and thalamus, the principal subcortical members of the an-
terior cingulate circuit. Table 4–7 summarizes the
behaviorally relevant frontal-subcortical circuits including
the anatomical structures involved, the behavioral distur-
bances observed with circuit dysfunction, and the common
diseases affecting each circuit.

Frontal-subcortical circuits are involved in several
neuropsychiatric disorders. In addition to personality al-
terations (e.g., apathy and disinhibition), mood changes
and obsessive-compulsive behaviors are associated with fo-
cal brain lesions affecting these circuits. Depression occurs
with lesions of the dorsolateral prefrontal cortex and the
head of the caudate nucleus, particularly when the left
hemisphere is affected (Robinson et al. 1984; Starkstein et
al. 1987, 1988a; see also Chapters 13 and 27 in this volume).
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TABLE 4–7. Behavioral abnormalities associated with frontal-subcortical circuit disorders

Disease
Personality

change Mania Depression

Obsessive-
compulsive

disorder

Neuropsycho-
logical

impairment
Prefrontal cortical disorders

Lateral prefrontal syndrome
Orbitofrontal syndrome
Medial frontal syndrome

No
Yes
Yes

No
Yes
Yes

Yes
No
No

No
Yes
No

Yes
No
No

Caudate disorders
Parkinson’s disease
Progressive supranuclear palsy
Huntington’s disease
Sydenham’s chorea
Wilson’s disease
Neuroacanthocytosis
Fahr’s disease
Infarction

Yes
Yes
Yes
Yes
Yes
Yes
UD
Yes

No
No
Yes
No
Yes
Yes
Yes
No

Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

No
Yes
Yes
Yes
No
Yes
No
Yes

Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

Globus pallidus disorders
Postencephalitic Parkinson’s disease
Manganese toxicity
Carbon monoxide toxicity
Infarction

Yes
Yes
Yes
Yes

Yes
UD
No
UD

Yes
UD
No
UD

Yes
Yes
Yes
No

Yes
Yes
Yes
Yes

Thalamic disorders
Infarction
Degeneration

Yes
Yes

Yes
UD

No
UD

No
UD

Yes
Yes

Note. UD = undetermined.



Positron-emission tomography in patients with idiopathic
unipolar depression reveals diminished glucose metabo-
lism in the prefrontal cortex and the caudate nuclei, sug-
gesting that dysfunction of frontal-subcortical circuits may
be a shared substrate for both idiopathic and acquired
mood disorders (Baxter et al. 1985). Lesions producing
secondary mania also involve nuclei and connections of
frontal-subcortical circuits. Mania has been observed with
lesions of the medial orbitofrontal cortex, diseases of the
caudate nuclei such as Huntington’s disease, and injury to
the right thalamus (Bogousslavsky et al. 1988; Cummings
and Mendez 1984; Folstein 1989; Starkstein et al. 1988b).

Both acquired and idiopathic obsessive-compulsive
disorders have been related to dysfunction of fron-
tal-subcortical circuits. Obsessive-compulsive behavior
has been observed in patients with caudate dysfunction in
Huntington’s disease and after Sydenham’s chorea
(Cummings and Cunningham 1992; Swedo et al. 1989), as
well as with globus pallidus lesions in postencephalitic Par-
kinson’s disease, progressive supranuclear palsy, manga-
nese-induced parkinsonism, and after anoxic injury
(Laplane et al. 1989; Mena et al. 1967; Schilder 1938). Idio-
pathic obsessive-compulsive disorder has been associated
with increased glucose metabolism in the left orbitofrontal
frontal gyrus and caudate nuclei (Baxter et al. 1987) and
with increased blood flow in the medial frontal area
(Machlin et al. 1991).

Frontal-subcortical circuits are affected in patients
who have diseases of the basal ganglia. The high frequency
of neuropsychological alterations, the increased preva-
lence of personality and mood disturbances, the occur-
rence of obsessive-compulsive disorder, and the similarity
between behaviors of patients with basal ganglia diseases
and patients with frontal lobe injury are attributable to dys-
function of multiple frontal-subcortical circuits in basal
ganglia disorders.

Neurochemistry and Behavior

The anatomical organization of the brain is complemented
by an equally complex neurochemical organization. Many
behavioral disorders reflect biochemical dysfunction, and
the most effective interventions available are neuro-
chemical in nature. Neurobehavioral deficits stemming
from focal cortical lesions (e.g., aphasia and apraxia) have
limited available remediable neurochemical treatments;
neuropsychiatric disorders associated with limbic system
dysfunction are frequently modifiable through neuro-
chemical interventions.

There are two types of cerebral transmitters: 1) projec-

tion or extrinsic transmitters that originate in subcortical
and brainstem nuclei and project to brain targets and 2) lo-
cal or intrinsic transmitters that originate in neurons of the
brain and project locally to adjacent or nearby cells. Projec-
tion transmitters or their synthetic enzymes must be trans-
ported within neurons for long distances from subcortical
nuclei to distant regions and are vulnerable to disruption by
stroke, tumors, and other processes. Transmitters are
highly conserved from an evolutionary point of view, and
many function locally in some neuronal systems and func-
tion as projection transmitters in others. The classic
neurotransmitters have served neuronal communication
for 600 million years of evolution (Rapoport 1990). Table
4–8 summarizes the origins and destinations of the extrin-
sic transmitters. The effects of neurotransmitters are me-
diated by receptors to which the transmitter binds after it
has been released into the synaptic cleft. Receptors may be
located on the presynaptic or postsynaptic terminal.
Presynaptic receptors (autoreceptors) regulate neuro-
transmitter synthesis or release. Postsynaptic receptors
mediate the effects of the neurotransmitter on the post-
synaptic cell. Heteroreceptors (receptors for neuro-
transmitters other than those produced by the neuron) also
regulate synaptic activity. Binding of a neurotransmitter to
a receptor results either in opening of an ion channel
(ionotropic receptors) or initiation of second messenger
cascades via guanosine triphosphate-binding (G) proteins
(metabotropic receptors). The neurotransmitter is re-
moved from the synapse (either before or after binding to a
receptor) either by enzymatic degradation or by active
reuptake into the presynaptic terminal by a high-affinity
transporter protein. Behavioral effects can rarely be as-
signed to alterations in a single transmitter, but some aber-
rant behaviors are associated with changes that affect pre-
dominantly one type of transmitter. Table 4–9 presents the
principal transmitter-behavior relationships currently
identified.

There are two main cholinergic projections from
subcortical sites to the brain. The first originates in the
reticular formation and projects via the dorsal tegmental
pathway to the thalamus. This pathway is the essential
component of the ascending reticular activating system
(Nieuwenhuys 1985). The second cholinergic projection
begins in the cells of the nucleus basalis in the basal
forebrain and projects to the hippocampus, hypothalamus,
amygdala, and diffusely to the neocortex (Figure 4–13).
The afferents to nucleus basalis are primarily from cortical
and subcortical limbic system structures establishing the
nucleus basalis as a relay between the limbic system
afferents and efferents to the neocortex (Mesulam and
Mufson 1984).
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Cholinergic function is mediated by either nicotinic
(ionotropic) or muscarinic (metabotropic) receptors. Both
receptor types are present in the brain, but the latter appear
to be of special interest to neuropsychiatry. The muscarinic
receptors are classified pharmacologically as M1 (located
postsynaptic) or M2 (located presynaptic) and have differ-
ent distributions throughout the brain. Cholinergic sys-
tems mediate a wide range of behaviors. Disruption of cen-
tral cholinergic function (e.g., through the administration
of cholinergic receptor-blocking agents such as scopol-
amine) produces amnesia (Bartus et al. 1982), and intoxica-
tion with anticholinergic compounds produces delirium
and delusions. Alzheimer’s disease is one major disorder as-
sociated with cholinergic deficiency. This disease produces
atrophy of the nucleus basalis with consequent reduction in
the synthesis of choline acetyltransferase, the enzyme that
synthesizes acetylcholine; loss of synthetic activity leads to
interruption of cortical cholinergic function (Katzman and
Thal 1989). Increasing evidence indicates that some of the
neuropsychiatric disturbances of Alzheimer’s dis-

ease—hallucinations, apathy, disinhibition, purposeless
behavior—are produced by the cholinergic deficit
(Cummings and Kaufer 1996). Cholinergic hyperactivity
has been posited to play a role in the genesis of depression
(Dilsaver and Coffman 1989), and in some species
cholinergic stimulation of limbic system structures pro-
duces aggression (Valzelli 1981).

There are three main dopaminergic projections from the
brainstem to the cerebral hemispheres: 1) a nigrostriatal
projection arising from the compact portion of the sub-
stantia nigra and projecting to the putamen and caudate,
2) a mesolimbic projection originating in the ventral
tegmental area and projecting to limbic system structures,
and 3) a mesocortical system beginning in the ventral
tegmental area and projecting to frontal and temporal areas
(Nieuwenhuys 1985) (Figure 4–14). Targets of the meso-
limbic dopaminergic projection include the nucleus
accumbens, septal nucleus, and amygdala. The meso-
cortical projections terminate primarily in the medial fron-
tal lobe, medial temporal lobe, and the anterior cingulate
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TABLE 4–8. Origins and destinations of the major extrinsic transmitter projections

Neurotransmitter Origin Destination
Acetylcholine

Reticular system
Basal forebrain system

Reticular formation
Nucleus basalis and nucleus of

diagonal band of Broca

Thalamus
Neocortex, hippocampus, hypothalamus, and

amygdala
Dopamine

Nigrostriatal system
Mesolimbic system
Mesocortical system

Substantia nigra
Ventral tegmental area
Ventral tegmental area

Putamen and caudate nucleus
Nucleus accumbens, septal nucleus, and amygdala
Medial temporal and frontal lobes and anterior

cingulate cortex
Noradrenaline

Dorsal pathway

Ventral pathway

Locus ceruleus

Locus ceruleus

Thalamus, amygdala, basal forebrain,
hippocampus, and neocortex

Hypothalamus and midbrain reticular formation

Serotonin Raphe nuclei Entire nervous system
Histamine Posterior hypothalamus Entire nervous system
GABA Zona incerta

Caudate and putamen
Globus pallidus and substantia nigra

Neocortex, basal ganglia, and brainstem
Globus pallidus and substantia nigra
Thalamus

Glutamate Neocortex

Subthalamic nucleus
Thalamus
Hippocampus, subiculum
Entorhinal cortex

Caudate, putamen, thalamus, and
nucleus accumbens

Globus pallidus
Neocortex
Septal region
Hippocampus

Note. GABA = γ-aminobutyric acid.



region. Less robust projections are distributed to the neo-
cortex.

Dopaminergic function is mediated by metabotropic
receptors that can be classified pharmacologically as D1

(stimulate cAMP) or D2 (inhibit cAMP). These receptors
have different distributions throughout the brain. The D2

receptors are blocked by the neuroleptics, and it is possible
that subtypes of the D2 receptor differentially mediate the
motor and mental effects of dopaminergic drugs.

Dopamine plays a key role in motoric functions and
behavior. Dopamine deficiency or blockade leads to park-
insonism; dopamine excess produces chorea, dyskinesia, or
tics. Behaviorally, dopamine deficiency causes at least mild
cognitive impairment and may contribute to the depres-
sion that commonly accompanies Parkinson’s disease and
other parkinsonian syndromes. Dopamine excess leads to
psychosis, elation or hypomania, and confusion. Dopa-
mine hyperactivity may contribute to the pathophysiology

of schizophrenia, obsessive-compulsive behavior, anxiety,
and some paraphiliac behaviors (Cummings 1985, 1991).

The locus coeruleus and adjacent nuclei comprise the
origin of the noradrenergic projection system. A dorsal
noradrenergic bundle courses in the dorsal brainstem to
the septum, thalamus, amygdala, basal forebrain, hippo-
campus, and neocortex (Nieuwenhuys 1985) (Figure
4–15). A ventral noradrenergic bundle projects to the hy-
pothalamus and midbrain reticular formation. Adrenergic
function is mediated by metabotropic receptors that can be
classified pharmacologically as α (inhibit cAMP) or β
(stimulate cAMP) receptors. α-Adrenergic receptors can
be further subtyped as α1 or α2; the former are located post-
synaptically and the latter presynaptically and post-
synaptically. These receptors have different distributions
throughout the brain. Effective treatment for depression is
associated with decreased numbers (downregulation) of
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TABLE 4–9. Behavioral alterations associated with transmitter disturbances

Neurotransmitter Reduced function Increased function
Acetylcholine Memory impairment, delirium, and delusions Depression, aggression
Dopamine

Motor function
Behavior

Parkinsonism
Dementia and depression

Chorea, tics
Psychosis, anxiety, confusion, elation,

obsessive-compulsive behavior, and
paraphilias

Noradrenaline Depression, dementia, and reduced attention Anxiety

FIGURE 4–13. Cholinergic projections from the nucleus
basalis.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.

FIGURE 4–14. Nigrostriatal and nigrocortical
dopaminergic projections.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.



β-adrenergic receptors. Noradrenergic hypofunction has
been linked to depression, dementia, and diminished alert-
ness and concentration (Agid et al. 1987). Increased
noradrenergic activity has been linked to anxiety (Lechin et
al. 1989).

Serotonergic neurons are located almost exclusively in
the median and paramedian raphe nuclei of the medulla,
pons, and midbrain (Figure 4–16). The projection system
of these serotonergic neurons is a complex, highly
branched, fiber system that embraces virtually the entire
central nervous system (Nieuwenhuys 1985). Serotonergic
function is mediated by multiple metabotropic receptors
(5-HT1, 5-HT2, 5-HT4) and to a lesser extent by
ionotropic receptors (5-HT3). These receptors have dif-
ferent distributions throughout the brain. Serotonin defi-
ciency has been hypothesized to play a major role in sui-
cide, depression, and aggression (Agid et al. 1987), and
serotonin hyperactivity can play a role in obsessive-com-
pulsive behavior and anxiety (Lechin et al. 1989; Zohar et
al. 1987).

γ-Aminobutyric acid (GABA) is an inhibitory neuro-
transmitter present in both projection systems and local
neuronal circuits. The principal GABA projection system
begins in the zona incerta and projects bilaterally to the en-
tire neocortex, basal ganglia, and brainstem (Lin et al.
1990). In subcortical regions, one projection system origi-
nates in the caudate and putamen and projects to the globus
pallidus and substantia nigra, and another begins in the
globus pallidus and substantia nigra with projections to the

thalamus (Alexander and Crutcher 1990; Nieuwenhuys
1985). Local circuit neurons using GABA are found in the
raphe nuclei, reticular nucleus of the thalamus, and basal
ganglia. Local circuit neurons of the cerebral cortex also
use GABA as their principal neurotransmitter (Rapoport
1990). GABA function is mediated by ionotropic (GABAA)
and metabotropic (GABAB) receptors, the former being of
special interest to neuropsychiatry because they contain
the binding sites for alcohol, anticonvulsants, and
benzodiazepines. These receptors have different distribu-
tions throughout the brain. GABA concentrations are de-
creased in the basal ganglia of patients with Huntington’s
disease, and the GABA deficiency may contribute to the
dementia, mood disorder, obsessive-compulsive disorder,
and psychosis occurring with increased frequency in this
condition (Morris 1991).

Glutamate is an excitatory neurotransmitter that is
used in the massive projection from the neocortex to the
ipsilateral caudate, putamen, and nucleus accumbens. Glu-
tamate is the principal neurotransmitter of projections
from cortex to thalamus, from thalamus to cortex, and from
one region of cortex to another. Glutamatergic neurons
also project from subthalamic nucleus to globus pallidus.
Glutamate functions in several hippocampus-related pro-
jections, including the perforant pathway projecting from
entorhinal cortex to hippocampus and the pathways origi-
nating in hippocampus and adjacent subiculum and pro-
jecting to the septal region (Alexander and Crutcher 1990;
Nieuwenhuys 1985). Glutamatergic function is mediated
by ionotropic and metabotropic receptors, with subtypes

Neurobiological Basis of Behavior 101

FIGURE 4–15. Noradrenergic projections from the locus
coeruleus.
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.

FIGURE 4–16. Serotonergic projections (blue).
Source. Image courtesy of M. Mega and the UCLA Labora-
tory of Neuroimaging.



of the former (e.g., N-methyl-D-aspartate receptor) having
been implicated in learning, excitotoxicity, and the
psychotomimetic effects of phencyclidine. These recep-
tors have different distributions throughout the brain.
Glutamate release is inhibited by several drugs recently in-
troduced into clinical practice. These include lamotrigine
(anticonvulsant) and riluzole (amyotrophic lateral sclero-
sis). The behavioral consequences of alterations in gluta-
mate function are unknown.

Several other transmitters occur in behaviorally rele-
vant areas, but their role in human behavior remains to be
determined. Histaminergic neurons are situated in the pos-
terior hypothalamus and project diffusely to most brain
structures including the neocortex, amygdala, septum,
caudate, and putamen (Nieuwenhuys 1985). Glycine is an
inhibitory transmitter that may function in local circuit
neurons in the substantia nigra, caudate, and putamen.
Substance P is present in the projection from caudate and
putamen to the substantia nigra, and enkephalin-containing
neurons project from caudate and putamen to the globus
pallidus (Alexander and Crutcher 1990; Nieuwenhuys
1985). Vasoactive intestinal peptide neurons are intrinsic to
the cortex and participate in local neuronal circuits
(Nieuwenhuys 1985).

Summary

The brain consists of a median zone mediating arousal and
basic life-sustaining functions, such as respiration, diges-
tion, circulation, and neuroendocrine function; a
paramedian-limbic zone mediating extrapyramidal func-
tion and many aspects of emotional experience; and a

supralimbic-neocortical zone mediating instrumental cog-
nitive functions such as language and praxis (Table 4–10).
Injury of the supralimbic-neocortical zone is associated
with neurobehavioral deficit syndromes such as aphasia
and apraxia; dysfunction of the paramedian-limbic zone
correlates with neuropsychiatric disorders including mood
disorders, psychoses, anxiety, and obsessive-compulsive
disorder. Within each zone, behavioral deficits can be re-
lated to dysfunction of specific neurotransmitters. This ap-
proach provides a comprehensive framework for under-
standing brain-behavior relationships.
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5
Neuropsychiatric

Assessment

John J. Campbell III, M.D.

Neuropsychiatry is an ambiguous con-
struct. Its precise definition remains

elusive (Cummings and Hegarty 1994; Lishman 1992;
Trimble 1993). In practice, however, a neuropsychiatric
approach permits a broad conceptualization of a particu-
lar clinical problem that transcends a basic neurological
or psychiatric paradigm. This is of particular relevance
for the geriatric patient, in whom the interplay between
biology and psychology is complex and pervasive. A thor-
ough neuropsychiatric examination can reconcile this di-
chotomy and form the basis for a comprehensive treat-
ment plan. Several outstanding reviews have detailed the
areas relevant to a proper assessment (Cummings 1985a;
Mueller and Fogel 1997; Ovsiew 1997; Strub and Black
1993; Weintraub and Mesulam 1985).

Mueller and Fogel (1997) have elaborated on the neu-
ropsychiatric gestalt. The approach represents a funda-
mental departure from traditional psychiatry and neurol-
ogy in several ways. Collateral confirmation of historical
details is emphasized. Neuropsychiatric syndromes often
affect recall and insight, thus requiring supplementary his-
tory from those who know the patient. The reciprocal in-
fluences of psychology and cerebral dysfunction are appre-

ciated. Both processes are, of course, brain related;
however, each has its own unique and significant influence
on behavior. Localization of signs and symptoms in the
brain takes precedence over standard psychiatric diagno-
ses. Therefore, a more comprehensive and flexible assess-
ment of mental status is undertaken.

The neuropsychiatric assessment is data driven. The
collection of the data and their synthesis into a coherent
formulation serve to establish neuropsychiatry as a unique
clinical discipline. In this chapter, I provide an overview of
the neuropsychiatric assessment of the geriatric patient,
emphasizing the relationship between functional
neuroanatomy and neuropathology. The basic framework
of this assessment includes taking a history, doing a mental
status examination, performing a physical examination,
and making a formulation.

Clinical Interview

The geriatric neuropsychiatry clinical interview has
unique aspects. Patients commonly experience hearing im-
pairment, diminished cognitive efficiency, attentional im-
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pairments, lack of insight, impaired memory, and
dysphasias, all of which challenge the skills of the inter-
viewer. In addition, the caregiver must be an integral
source of historical information. Caregivers play an in-
creasingly important role as the patient experiences func-
tional declines and requires increasing assistance. The
presence of impaired memory and insight may interfere
with the gathering of the history to such an extent that the
caregiver provides the essential collateral information.

Further, the ongoing responsibility of taking care of an
impaired individual can lead to demoralization, isolation,
and depression, which serve to diminish the effectiveness
of the caregiver. This can result in a possibly preventable
accident, such as falling and fracturing a hip, nursing home
placement, or even elder abuse. Thus, inquiring as to how
the caregivers are dealing with their own stresses is part of
the geriatric neuropsychiatric assessment.

The neuropsychiatric history explores two interre-
lated realms of human existence—the development of a
central nervous system and the development of a person. As
such, our exploration begins before conception, with the
genetic history of the parents, through gestation and birth, up
to the day of the examination. The clinical interview below
has been organized along a time line in order to address is-
sues of psychological development along with the typical
starting points for important behavioral and neurological
considerations, such as occurrence of depression or onset
of Parkinson’s disease, for example. It emphasizes that the
patients are products of their past experiences regardless of
the presenting complaint. The completed history will es-
tablish a qualitative functional baseline, along with an ap-
preciation of inherited and acquired influences on devel-
opment, their impact, and the role of biological and
psychological attempts at compensation (see Table 5–1).

Gestation and Birth

The central nervous system develops in an orderly se-
quence notable for the germination, migration, and differ-
entiation of neurons and glia throughout gestation. During
this period, cerebral and somatic development are vulnera-
ble to numerous perturbations from many causes. Mater-
nal drug use, infection, and injury can negatively influence
the developmental process. Labor and delivery impose ad-
ditional stresses on the neonatal brain. Fetal distress from
maternal hemorrhage, circulatory impairment, and cranial
trauma can result in hypoxic injury, cerebral contusions,
and intracerebral hemorrhage, all of which may negatively
affect neurodevelopment.

The gestational and birth history is not generally accessi-
ble with geriatric patients. Ideally, higher functioning pa-

tients or caregivers can provide this information. When
not available, several clues in the history and physical ex-
amination may raise the index of suspicion. Early hemi-
spheric damage often leads to subtle contralateral
hemiatrophy. Careful observation of the face or compari-
son of the hands can reveal somatic asymmetry and devel-
opmental anomaly. For example, manifestations of fetal al-
cohol syndrome include facial changes with epicanthal eye
folds, poorly formed concha, small teeth with faulty
enamel, and microcephaly with mental retardation
(Streissguth and Landesman-Dwyer 1980). Delays in the
timely achievement of developmental milestones are another
possible sign of inherited or acquired dysfunction. Scholas-
tic difficulties with speech, language, and arithmetic may
reflect left hemispheric anomaly. In addition, Rourke
(1989) has described a syndrome of social impairment and
dysprosodia localized to the right hemisphere.

Ovsiew (1997) listed several additional signs that may
suggest developmental abnormality. These include an ab-
normal head circumference, fine “electric” hair, more than
one hair whorl, abnormal epicanthic folds of the eyes, ab-
normal interorbital distance, low-set or malformed ears,
high palate, and furrowed tongue. Peripheral signs include
curved fifth finger, single palmar crease, wide gap between
first and second toes, partial fusion of the toes, and third toe
longer than second toe.

Handedness is a variable that may reflect anomalous
cerebral development. Geschwind and Galaburda (1985)
have proposed a model of handedness based on intra-
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TABLE 5–1. Elements of the clinical interview

Gestational and birth history
Achievement of developmental milestones
Handedness
Genetic history of the parents and siblings
School history: academic and disciplinary
History of violence or criminal behavior
History of head injury
Psychiatric history
Substance abuse history
Behavioral and cognitive baseline
Occupational history
Medical and surgical history
Medication regimen
Review of systems
Survey of the vegetative functions
Assessment of activities of daily living
History of recent changes in behavior and cognition



uterine influences on development. They describe a con-
tinuum of handedness ranging from strongly right-handed
to ambidextrous to strongly left-handed and suggest that
the degree of left-handedness reflects compensation for
negative intrauterine influences on left hemisphere devel-
opment.

Childhood

The challenges of childhood include refining social and
scholastic skills. School represents an intellectual and be-
havioral laboratory where deficits may be revealed, and the
school history requires thorough probing. It is important to
obtain information about any remedial classes or a history
of being held back. Often, formal testing was done and a re-
port may be available. This is a more recent development in
United States education, however, and such information
may not be obtainable for elderly persons.

A history of disciplinary troubles may reflect the presence
of attention-deficit/hyperactivity or disruptive behavior
disorders. Asking patients to describe their behavior in the
classroom is a helpful probe, if recall is sufficient. Signs of
inattention in the classroom include making careless mis-
takes, failing to finish schoolwork, easy distractibility, and
forgetfulness in daily activities. Signs of hyperactivity and
impulsivity include fidgeting, frequently leaving the seat,
intrusiveness, and running about excessively. Atten-
tion-deficit/hyperactivity disorder is believed to continue
into adulthood in some cases (Wender 1981; Zametkin et
al. 1990). The presentation in adults is somewhat different
and includes difficulty being organized, low frustration
tolerance, impulsivity, restlessness, and mood swings
(Woods 1986). It is not known whether residual attention-
deficit/hyperactivity disorder extends into senescence.

Behavioral patterns are typically established in child-
hood. A repetitive pattern of aggression to people and ani-
mals, destruction of property, deceitfulness or theft, and
serious violations of social norms is evidence for a conduct
disorder (American Psychiatric Association 1994). Con-
duct disorder may represent the presence of developmen-
tal anomaly (Nachson 1991). One must inquire about any
history of violence or criminal behavior beginning in child-
hood and adolescence. Violent behaviors can also appear as
sequelae to numerous central nervous system disorders
(Elliott 1992).

Many neurological disorders that may be relevant later
in life occur during childhood, including Gilles de la
Tourette’s syndrome, epilepsy, meningitides, and closed
head injury. These conditions are often associated with
cognitive and behavioral sequelae that may persist into se-
nescence. Older individuals may have contacted many neu-

rological diseases now considered to be rare, such as polio-
myelitis, dementia paralytica, or encephalitis lethargica.

Adolescence

During adolescence, individuals develop a social identity
and begin to form strong attachments outside the family.
They may also join the workforce. Maladaptive patterns of
behavior established during childhood can continue into
adolescence. Adolescents also begin to experiment with
drugs, occasionally resulting in substance abuse and de-
pendence. Risk-taking behaviors, such as reckless driving,
are not uncommon. Injury is a common cause of morbidity
in adolescence. A history of head injury should be elicited.
Many head injuries do not result in gross cerebral trauma.
Asking patients if their ability to think was affected by an in-
jury can often elicit evidence of subtle cerebral pathology.
Lishman reported that the degree of anterograde and ret-
rograde amnesia after a head injury is a predictor of
postinjury cognitive sequelae (Lishman 1987). The history
should define the window of amnesia preceding and subse-
quent to the injury.

A thorough review of past psychiatric history is an essen-
tial part of the neuropsychiatric history. Numerous psychi-
atric illnesses have their onset during adolescence, includ-
ing anxiety, mood, and thought disorders. Psychiatric
illness can reflect neurobiological anomaly and certainly
affects psychological development. Schizophrenia is be-
lieved to result from structural abnormality in the brain.
One line of evidence supports an abnormal migration of
hippocampal neurons during gestation (Roberts 1990).
Other investigations have focused on prefrontal and tem-
poral heteromodal association cortex pathology rendering
an individual vulnerable to hallucinations and psychosis
(Shenton et al. 1992; Weinberger 1988). Mood disorders
are associated with diminished metabolism in prefrontal
and subcortical regions (Ketter et al. 1996; Mayberg et al.
1997).

The substance abuse history must be thoroughly ex-
plored. Substance abuse can lead to acquired neurological
insult and chronic symptoms. Intoxication with alcohol or
other substances increases the risk for accidents and head
injury. Alcohol and prescription drug abuse in the elderly
are often missed by clinicians. Use of cocaine can precipi-
tate stroke (Levine et al. 1990). The use of the designer
drug 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) led to an acute parkinsonian syndrome (Tetrud et
al. 1989). Lysergic acid diethylamide (LSD) use is occa-
sionally associated with recurrent visual hallucinatory ex-
periences, known as hallucinogen persisting perception
disorder (American Psychiatric Association 1994). Sharing
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hypodermic needles exposes individuals to numerous in-
fectious agents, including human immunodeficiency virus,
which can cross the blood-brain barrier and affect cogni-
tion (Gibbs et al. 1990; Tross and Hirsch 1988) while also
predisposing the user to opportunistic central nervous sys-
tem infections.

Adulthood

Adulthood heralds the establishment of a stable pattern of
behavior and cognitive performance, representing an impor-
tant baseline. Elderly individuals typically present for neu-
ropsychiatric evaluation after a decline from these prior
levels of functioning, so this baseline must be clearly identi-
fied in the history. Patients establish an occupational history
during adulthood that should be explored for continuity,
stability, and possible exposure to toxic substances.

The persistence of maladaptive behaviors from
adolescence into adulthood introduces an element of
chronicity that may have relevance for the neuropsychiat-
ric evaluation. Chronic use of alcohol is thought to result in
an alcoholic dementia (Charness et al. 1989; Lishman
1990). Malnutrition associated with heavy alcohol use can
precipitate thiamine deficiency and the Wernicke-
Korsakoff syndrome (Greenberg and Diamond 1986). A
pattern of poorly managed aggression and violence can
lead to traumatic brain injury, creating a downward spiral
of further maladaptive behaviors and cognitive impair-
ment.

Neurological problems that have particular relevance
to the neuropsychiatric evaluation, and typically arise be-
fore the age of 65, include brain tumors, Huntington’s dis-
ease, inflammatory disorders such as lupus erythematosus,
and multiple sclerosis. Health habits such as nicotine de-
pendence that place an individual at risk for cerebro-
vascular disease, along with the onset of medical conditions
such as hypertension, diabetes mellitus, and hypercholes-
terolemia, are also noted during adulthood.

Senescence

The elderly person presenting for neuropsychiatric evalu-
ation has a wealth of life experiences that contribute to cur-
rent functioning. Erikson et al. (1994) described the pri-
mary challenge of this life epoch as consolidating these
experiences into a cohesive sense of integrity. The alterna-
tive is a feeling of despair that goals have not been accom-
plished, dreams have not been realized, and that time is
running out. Neuropsychiatric disorders represent a sig-
nificant threat to this sense of integrity. Important neuro-
logical conditions that arise in senescence, in addition to

those previously listed, include Parkinson’s disease and the
various cortical degenerative disorders such as Alzheimer’s
disease, frontotemporal dementias, dementia with Lewy
bodies, normal pressure hydrocephalus, and subdural
hematoma.

Elderly persons are far more likely to have chronic
medical problems and to be prescribed multiple medica-
tions. The history should include a comprehensive medical
and surgical history, along with a thorough review of systems,
to screen for any current medical conditions such as uri-
nary tract infections, endocrine disorders, acute neurologi-
cal deficits, cardiac symptoms, or respiratory conditions
that may precipitate an acute confusional state. The pres-
ence of bowel or bladder incontinence should be deter-
mined. Elderly patients often report somatic and cognitive
symptoms in the context of major depressive disorder. The
review of systems should include a survey of the vegetative
functions affected by mood disorder including sleep, appe-
tite, libido. At times, an alteration in the vegetative func-
tions may be the only way to differentiate between a pri-
mary psychiatric diagnosis such as depression and a
neuropsychiatric syndrome such as acquired apathy. Indi-
viduals with depression would have sleep and appetite
changes, whereas patients with apathy syndromes, also
known as pseudodepression, will eat when presented with
food and do not experience significant sleep disruption.
Recent changes in a patient’s medication regimen can precip-
itate a confusional state or ataxia and should be docu-
mented. Any medication capable of crossing the blood-
brain barrier has the potential to cause myriad central ner-
vous system side effects in the elderly.

Many elderly patients are functioning well with a “pre-
clinical” dementia but lose their functional reserve and ap-
pear to have frank dementia or a depressive disorder in the
context of acute medical conditions. The aging brain, with
a limited cortical reserve and an often tenuous blood sup-
ply, is quite vulnerable to acute dysfunction from systemic
illness and is more susceptible to cognitive and behavioral
toxicity of many commonly prescribed medications. Re-
covery from these confusional states is often slow to pro-
ceed. The “acute dementia” or “acute depression” will
slowly resolve upon adequate treatment of the underlying
condition.

The clinical interview of the geriatric patient should
also include an assessment of activities of daily living to explore
functional status. These activities include cooking, dress-
ing, performing household chores, shopping, driving,
maintaining personal hygiene, and paying bills. Several in-
struments have been developed to assess functional status
in the elderly (Applegate et al. 1990). They provide the cli-
nician with useful measures to document and monitor a
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person’s level of independence. The degree of autonomy
and effectiveness at functioning in one’s environment is a
crucial historical domain that must be thoroughly assessed.

Historical information, particularly a history of recent
changes in behavior and cognition, must be organized in order
to direct the focus of the mental status and physical exami-
nations. The various neural systems in the brain are associ-
ated with rather discrete behavioral and cognitive func-
tions. The signs of neuropsychiatric illness reflect
dysfunction in these neuronal networks. The neuropsychi-
atric examination must, therefore, have localizing value.
Through an understanding of functional neuroanatomy
and neuropathology, the neuropsychiatrist will be able to
clarify problems identified in the history and expand upon
them through strategic use of bedside testing to arrive at a
more complete understanding of the clinical problem.

Major Neuropsychiatric
Syndromes of the Elderly

Elderly patients frequently present for neuropsychiatric
evaluation with chief complaints of forgetfulness, person-
ality change, or mental status change. The differential di-
agnosis for these symptoms includes virtually all medical
conditions prevalent in the elderly. Careful neuropsychiat-
ric evaluation can assist the clinician by discriminating be-
tween a depressive disorder, a confusional state, a benign
condition of age-related cognitive decline, or intellectual
impairment caused by more significant cerebral or somatic
dysfunction. Major neuropsychiatric syndromes affecting
cognition will typically involve, in addition to memory,
other cognitive domains, as well as the executive, motor,
and limbic systems. These syndromes are described below
to assist in the focus of the clinical interview and to begin to
structure the approach to the mental status examination.

Clinical Characteristics of
Age-Related Cognitive Changes

Cognitive decline is not an inevitable consequence of ag-
ing. However, numerous studies have demonstrated intel-
lectual impairment of mild to moderate severity in a signifi-
cant proportion of elderly individuals not diagnosed with a
dementia (Ebly et al. 1995; Peterson et al. 1992; Rapp and
Amaral 1992). The cognitive domain that is primarily af-
fected appears to be memory and, in particular, acquisition
or learning (Petersen et al. 1992). Elderly individuals ap-
pear to acquire less information but retain the ability to
store and recall the learned material.

The issue of when aging ends and disease begins re-

mains to be resolved. A longitudinal study of healthy, inde-
pendent seniors with an isolated, mild memory impair-
ment showed that approximately 10%–15% of these
individuals experienced progression to clinically diagnos-
able dementia of the Alzheimer type each year (Petersen et
al. 1997). Age-associated memory impairment is discussed
in greater detail elsewhere in this text.

Clinical Characteristics of
Prefrontal Systems Dysfunction

Prefrontal systems dysfunction is recognized as a condition
that can cause gross disruption of behavior while sparing
basic motor, sensory, and cognitive functions. The
metacognitive functions subserved by prefrontal systems
are essential for adaptive functioning in one’s environ-
ment. Despite their vital role in human behavior, the
so-called executive cognitive functions are not routinely
tested in common cognitive screening instruments such as
the Mini-Mental State Exam (Folstein et al. 1975) or the
Short Portable Mental Status Questionnaire (Pfeiffer
1975). However, an understanding of their contributions
to adaptive behavior, together with an appreciation of the
cardinal signs of prefrontal dysfunction, can lead to a
proper diagnosis and treatment plan. Signs of prefrontal
systems dysfunction range from the dramatic personality
changes associated with orbitofrontal and mesial frontal
dysfunction to a perplexing inability to function well in the
presence of only mild motor, sensory, or cognitive impair-
ment, as is often seen with dysfunction of the dorsolateral
convexity network (Table 5–2).

Dorsal convexity dysexecutive syndrome. The
high-level cognitive functions mediated by the dorso-
lateral prefrontal lobe and its connections include cogni-
tive flexibility, temporal ordering of recent events, plan-
ning ahead, regulating actions based on environmental
stimuli, and learning from experience (Goldman-Rakic
1993). Patients exhibiting dysfunction in these cognitive
domains are concrete and perseverative and show impair-
ment in reasoning and flexibility. The examiner should
probe the ability to pay bills on time, organize daily activi-
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TABLE 5–2. Regional prefrontal syndromes

Region Cardinal signs
Orbitofrontal system Behavioral disinhibition

Environmental dependency
Dorsolateral convexity

system
Cognitive disorganization

Mesial frontal system Apathy syndrome



ties, such as going to the bank or market, keep a tidy house,
or cook balanced meals. The “tea and toast” diet frequently
results from loss of the organizational capacity to purchase
diverse groceries in response to dwindling home supplies
and to plan and prepare a meal consisting of several items.
In addition, such patients are characterized by a paucity of
spontaneous behavior. They often appear apathetic and
may become irritable during mental status testing when fa-
tigue easily ensues.

Orbitofrontal disinhibition syndrome. The
orbitofrontal cortex has discrete connections with
paralimbic cortex and thus plays a role in the elaboration
and integration of limbic drives. This area receives highly
processed information concerning the individual’s experi-
ence of an environmental stimulus and the anticipated con-
sequences of various behavioral responses to it (Malloy and
Duffy 1992). This process allows a person to maintain con-
sistent behavior in keeping with his or her self-concept.
Patients with orbitofrontal damage often exhibit poor im-
pulse control, explosive aggressive outbursts, inappropri-
ate verbal lewdness, jocularity, and a lack of interpersonal
sensitivity. The fatuous behaviors observed with
orbitofrontal system dysfunction are known as moria or
witzelsucht. The stimulus-bound behaviors noted with
this syndrome are commonly noted in nursing homes,
where residents frequently wander and happen upon nu-
merous stimuli. A doorknob will be turned and a room en-
tered. A sleeve hanging from a drawer is an invitation to
disrobe and put on the newly discovered clothes. A shower
stall is an open invitation for a shower. These patients often
become agitated and aggressive when interfered with. The
diagnosis of the orbitofrontal disinhibition syndrome is
primarily clinical. Such gross disruption of behavior often
leads to a misdiagnosis of mania. Careful review of the his-
tory will not, however, demonstrate insomnia, pressured
speech, religiosity, or grandiose delusions.

Mesial frontal apathetic syndrome. Mesial
frontal pathology affects the functional balance between
the cingulum and supplementary motor area. Disruption
of this network leads to a dysmotivational syndrome rang-
ing from apathy to akinetic mutism (Duffy and Campbell
1994). These patients often appear depressed, yet they lack
the dysphoria, negative cognitions, and neurovegetative
signs of a major depression. The diagnosis of a mesial fron-
tal apathy syndrome is entirely clinical. One patient, after a
gunshot wound to the frontal lobes, lapsed into a state of in-
ertia when left alone. When questioned, he related an
awareness of a personality change. He denied boredom and
described it as a “loss of motivation” in that he entertained

numerous ideas for activities, but felt no impetus to act on
them. His facial expression was one of casual indifference,
and he would often respond with simple gestures instead of
speaking. Caregivers for patients with apathy syndromes
are commonly frustrated with what they incorrectly per-
ceive as willful indifference to the home environment.

Clinical Characteristics of Generalized
Cortical Systems Disorders

The neurodegenerative disorders that compose the classic
dementias typically affect the cerebral cortex in regional
patterns. Alzheimer’s disease appears to preferentially af-
fect heteromodal association cortex and the limbic system
(Hyman et al. 1984; Pearson et al. 1985). Mesencephalic
projection nuclei including dopaminergic, cholinergic,
serotonergic, and noradrenergic systems are variably in-
volved (Jellinger 1987). Common clinical findings include
amnesia, aphasia, apraxia, agnosia, and visuospatial impair-
ment. The degree of involvement of these cognitive do-
mains is quite variable between patients. Dementia with
Lewy bodies may represent a clinicopathological variant of
Alzheimer’s disease. Patients present with a mixed picture
of cortical and subcortical pathology, characterized by
global cognitive impairment along with fluctuating atten-
tion, visual hallucinations, and spontaneous motor features
of parkinsonism (McKeith et al. 1996). Frontotemporal
dementias involve limbic and paralimbic degeneration in
the prefrontal and temporal regions. Clinical signs of
frontotemporal dementia include gross disruption of social
comportment with an eventual transition to an apathetic
state (Chang Chui 1989).

Clinical Characteristics of
Focal Cortical Dementia Syndromes

Focal degeneration syndromes can present in a slowly pro-
gressive manner and are regularly noted. Their etiology is
not well understood, but autopsy findings in some cases re-
veal hallmarks of generalized cortical dementias, including
senile plaques, neurofibrillary tangles, Pick’s bodies, and
Lewy bodies (Benson and Zaras 1991; Brun 1987; Hof et al.
1989; Morris et al. 1984). Thus, these syndromes may rep-
resent uncommon presentations of more common disor-
ders. Caselli (1995) identified four general syndromes, in-
cluding progressive frontal lobe syndromes, progressive
aphasias, progressive perceptual motor syndromes, and
progressive bitemporal syndromes. The progressive fron-
tal lobe syndromes are described above.

Progressive aphasias. The progressive aphasias
described in the literature include fluent and nonfluent
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types, as well as anomic and mixed types. Fluent aphasia,
also known as Wernicke’s aphasia, receptive aphasia, and
posterior aphasia, is characterized by effortless, yet incom-
prehensible speech, together with difficulty comprehend-
ing the speech of others. This aphasia is most commonly
caused by damage to unimodal association cortex in area 22
of the left hemisphere (A. R. Damasio 1992). This area is
located in the superior temporal gyrus in the posterior re-
gions adjacent to the supramarginal gyrus.

Nonfluent aphasia is also known as Broca’s aphasia, ex-
pressive aphasia, and anterior aphasia. This aphasia is nota-
ble for effortful, agrammatic or telegraphic speech in
which the patient has great difficulty using words such as
“if,” “and,” “or,” “but,” “to,” “from,” and so on. Anterior
aphasia results from damage to the inferior left frontal
gyrus in the left hemisphere. Deficits in anomic aphasias
are limited to word finding and naming. Anomic aphasia
can result from damage to numerous sites in the left hemi-
sphere. The mixed aphasia syndrome appears to involve
numerous aspects of language function and is associated
with degeneration in the left temporal and perisylvian re-
gions. Other commonly noted aphasia syndromes such as
global aphasia, conduction aphasia, transcortical aphasias,
and pure word deafness are typically vascular in origin and
are not commonly the product of progressive cortical de-
generation (H. Damasio 1989).

Progressive perceptual-motor syndromes. The
progressive perceptual-motor syndromes are divided into
visual syndromes and motor syndromes. The progressive
visual syndromes involve occipitoparietal and occipito-
temporal networks and include progressive asimultan-
agnosia, Balint’s syndrome, and visual agnosia.

Focal pathology in the occipitoparietal system bilater-
ally affects higher order processing of visual information
into a coherent whole. Consequently, asimultanagnosia
describes the inability to adequately appreciate important
aspects of a visual scene, a problem known as visual disori-
entation. Patients can describe certain details but cannot
integrate the entirety of the information (A. R. Damasio
1985). Balint’s syndrome consists of asimultanagnosia
along with optic apraxia, an impairment of voluntary gaze,
and optic ataxia, an inability to point accurately at a target
under visual guidance (Balint 1909). Bilateral dysfunction
in the occipitotemporal system results in visual agnosia, an
inability to name visualized objects. Prosopagnosia is a par-
ticular type of visual agnosia with a circumscribed deficit of
facial recognition (A. R. Damasio et al. 1982).

Two progressive motor syndromes have been de-
scribed that involve the parietofrontal junction (Caselli
1995). The syndromes are not specifically named. The first

consists of hemispasticity, hemiparesis, and hemisensory
impairment in the form of astereognosis or agraphesthesia,
and myoclonus. The second motor syndrome is defined by
a mixed apraxia, or disorder of higher order motor integra-
tion, consisting of limb apraxia, gestural apraxia, dressing
apraxia, constructional apraxia, and writing apraxia. Limb
apraxia is characterized by difficulty executing simple mo-
tor tasks such as combing the hair or brushing the teeth.
Gestural apraxia is a form of limb apraxia in which the pa-
tient has great difficulty imitating symbolic movements.
Dressing apraxia is the inability to dress despite absence of
significant sensorimotor disturbance. Constructional and
writing apraxias involve impaired ability to draw or write.

Progressive bitemporal syndromes. The pro-
gressive bitemporal syndromes include progressive amne-
sia, progressive prosopagnosia, and Klüver-Bucy syn-
drome. The Klüver-Bucy syndrome results from bilateral
destruction of the amygdalae and is characterized by
hyperorality, emotional placidity, hypersexuality, compul-
sive exploration of the environment, known as hyper-
metamorphosis, and psychic blindness (Klüver and Bucy
1939; Lilly et al. 1983).

Clinical Characteristics of
Subcortical Systems Disorders

Basal ganglia dysfunction. The basal ganglia
have a significant functional relationship with specific re-
gions of frontal cortex. Alexander and Crutcher (1990)
identified five independent neural loops uniting striatum,
globus pallidus, dorsomedial thalamus, and frontal cortex.
The physical integrity of these loops appears to be critical
to optimal functioning of the behaviors unique to each cir-
cuit. The supplementary motor area participates in a cir-
cuit responsible for the integration of motor function. Sim-
ilarly, a loop involving the frontal eye fields subserves
oculomotor function. The dorsolateral prefrontal, lateral
orbitofrontal, and anterior cingulate areas participate in
discrete circuits subserving cognitive organization, social
comportment, and motivation, respectively (Duffy and
Campbell 1994). These circuits have particular relevance
to neuropsychiatry because of their essential roles in adap-
tive behavior. The cardinal signs of basal ganglia pathology
represent suboptimal participation of the striatum in these
networks, resulting in cognitive impairment, motor dys-
function, and mood disorders.

The motor signs of basal ganglia dysfunction may be
readily apparent during the clinical interview. The classic
triad of movement disorder includes tremor, rigidity, and

Neuropsychiatric Assessment 115



akinesia. It is helpful to observe the gait when the patient
first arrives. A shuffling gait may represent an early clue.
Other signs include a bland expression with infrequent
blinking, difficulty sitting down with ease, and a paucity of
movement. “Striatal hand” may be evident and is charac-
terized by an ulnar deviation with flexion of the fingers at
the metacarpal phalangeal joints. A “pill rolling” tremor of
4–7 Hz involving the thumb and forefinger is frequently
noted. When these signs are noted, the examiner should
probe further for progressive symptoms of stiffness, loss of
agility, involuntary movements, or difficulty walking.
Chorea may be observed with other striatal disorders such
as Huntington’s disease. Patients often attempt to mask
these involuntary movements by quickly stroking their hair
or adjusting an article of clothing.

Controversy exists over the presence of cognitive im-
pairment associated with basal ganglia pathology
(McHugh 1989). Carefully conducted studies have, how-
ever, identified the presence of a pattern of deficits that ap-
pears to reflect derangement of the frontal-subcortical
contribution to cognition (Brown and Marsden 1990). Al-
bert et al. (1974) and McHugh and Folstein (1975) have de-
scribed a “subcortical dementia” consisting of mental tor-
por, cognitive dilapidation, apathy, and depression,
without impairment of learning, speech and language, or
other “cortical” functions such as praxis or mathematical
calculating. The ability to retrieve stored material is often
impaired (Brown and Marsden 1990). Patients will require
prompts to produce historical information such as the
names of recent presidents. The number of prompts re-
quired to recall material is a good indicator of the degree of
the retrieval deficit. Other signs of subcortical dementia
notable during the mental status examination include
impersistence and slowed completion of tasks. Pathologi-
cal conditions that involve the basal ganglia include Par-
kinson’s disease, Huntington’s disease, état lacunaire, tu-
mors, progressive supranuclear palsy, multisystem
atrophy, Wilson’s disease, and corticobasal degeneration.

Vascular dementias are a heterogeneous group result-
ing from cerebral infarctions of any etiology. Wallin and
Blennow (1994) organized the vascular dementias into
multi-infarct, strategic-infarct, and subcortical white mat-
ter subtypes. They found a reliable clinicopathological
correlation between subcortical white matter dementia
and a subcortical dementia pattern. The clinical presenta-
tion of multi-infarct- and strategic-infarct-related
dementias varies widely in accordance with extent of in-
volvement and lesion location. The concept of vascular de-
mentia is currently being reexamined with the hope of re-
fining clinicopathological relationships (Erkinjuntti and
Hachinski 1993).

Mental Status Examination

The mental status examination is an assessment of brain
function. A proper assessment should enable the examiner
to estimate a patient’s cognitive capacities in terms of do-
mains of relative strength and impairment. Several general
cognitive screening instruments are commonly used by cli-
nicians to investigate intellectual impairment. These in-
clude the Mini-Mental State Exam (Folstein et al. 1975),
Cognitive Capacities Screening Examination (Jacobs et al.
1977), and the Short Portable Mental Status Question-
naire (Pfeiffer 1975). Screening instruments developed to
assess dementing processes include the Dementia Rating
Scale (Mattis 1973), Blessed Dementia Scale (Blessed et al.
1968), and the Alzheimer Disease Assessment Battery
(Devenny et al. 1992). The Executive Interview (Royall et
al. 1992) and Frontal-Subcortical Assessment Battery
(Rothlind and Brandt 1993) have been developed to more
specifically assess frontal systems dysfunction.

Malloy et al. (1997) have reviewed the merits of these
instruments as cognitive screens. However, the geriatric
patient presenting for neuropsychiatric evaluation re-
quires a flexible and comprehensive cognitive assessment
not permitted by these standard instruments. No single in-
strument surveys the commonly assessed cognitive and
metacognitive domains adequately. The principal draw-
backs include substantial false-negative rates, indicating a
lack of sensitivity for mild dementia, and inadequate evalu-
ation of right hemisphere and frontal systems function
(Nelson et al. 1986).

The clinical assessment of cognition is an area of sig-
nificant neglect. In a recent survey of neuropsychiatric cli-
nicians, only 57% of respondents reported the use of for-
mal assessment of cognitive status (Coffey et al. 1994).
Many respondents routinely requested formal neuro-
psychological testing as their primary means for assessing
cognition. This approach is neither clinically nor economi-
cally acceptable. Bedside mental status testing has been
demonstrated to be a reasonable clinical indicator of cogni-
tive impairment as a result of cerebral dysfunction of many
etiologies (Malloy et al. 1997).

Neuropsychological (NP) assessment should be con-
sidered as an adjunct in the geriatric neuropsychiatric as-
sessment. Formal NP testing is an expensive and
time-consuming process that can be very helpful for cer-
tain indications. When not indicated, however, NP testing
frequently does not provide any additional information to
assist in treatment planning. Proper indications include
the establishment of a quantitative cognitive baseline to
track over time, clarification of confusing or variable find-
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ings at the bedside, more thorough assessment of specific
cognitive domains, or addressing a question of malingering
or conversion disorder. It is helpful to compare closely the
bedside cognitive findings with those of the NP testing.
NP findings should concur with the findings of the bedside
assessment. A common cause of discrepancy is suboptimal
bedside technique or misinterpretation of the bedside find-
ings. In these situations, the neuropsychologist can assist
the bedside examiner by reviewing the technique or rec-
ommending other more reliable tests to add to the bedside
armamentarium.

Cognitive Assessment

A thorough approach to bedside cognitive testing is pro-
vided elsewhere in this text. Throughout the administra-
tion of the cognitive tasks, the examiner should consider
the performance in terms of quality, localizing value, and
functional status. The popular cognitive screening instru-
ments provide numerical scores as a reflection of cognitive
capacity. However, cognitive performance falls on a quali-
tative continuum. All results must be considered in terms of
an expected level of performance. Simply relying on a nu-
merical descriptor may result in a false-negative assess-
ment for many patients, particularly those with significant
cognitive strengths, who are left with ample reserve despite
cognitive decline.

Furthermore, the diagnosis of most dementing disor-
ders is primarily clinical. No laboratory assays exist to con-
fidently differentiate Alzheimer’s disease from most other
dementias, and brain biopsy is not part of a general workup
of progressive cognitive dysfunction. Neuropsychiatric
syndromes in the elderly typically involve either wide-
spread pathology or more focal lesions. The pattern of def-
icits can thus differentiate between a generalized process
such as Alzheimer’s disease and a focal process such as a left
parietal lobe infarction. Organizing the cognitive examina-
tion to assess regional functions can assist with this process.

The findings of the neuropsychiatric evaluation
should fit with the person’s functional status in his or her
usual setting and help to explain and understand current
difficulties. In some instances, the findings may conflict
with the history. A common scenario is finding a patient
who appears to be cognitively intact, but who reports an
obvious decline in ability to function effectively at home.
This is likely the result of a so-called dysexecutive syn-
drome. The structure of the office provides an artificially
optimal environment for cognitive assessment. Patients
having executive dysfunction will benefit from this external
structure and may appear much less impaired on mental

status testing unless frontal systems are carefully assessed.
In addition, the tasks that make up the mental status exami-
nation are rather arbitrary and do not necessarily assess the
neural networks relied upon for daily living, which have
evolved over millions of years without being shaped by the
environmental stressor of mental status testing.

Neurobehavioral Assessment

Formal assessment of mental status includes a review of
pertinent domains of psychiatric functioning including
mood and affect, anxiety, compulsive and repetitive behav-
iors, personality changes, thought process and content,
and perceptions. Upon completion of the clinical inter-
view, the examiner will have acquired numerous clues to
guide more thorough exploration of these areas.

Assessment of Mood and Affect

Depressive symptoms are more commonly encountered in
the elderly than in individuals under 65 years of age. De-
spite this, major depressive disorder, as defined by
DSM-IV (American Psychiatric Association 1994), has a
lower prevalence among the elderly. In addition, common
neuropsychiatric disorders such stroke (Robinson and
Price 1982) and Parkinson’s disease (Starkstein et al. 1990)
are associated with a higher incidence of depressive illness.
Bipolar disorder is occasionally encountered after stroke
and traumatic brain injury (Robinson et al. 1988).

Affect is the outwardly directed manifestation of mood
and serves as a nonverbal communication of one’s emo-
tional state. In neurologically intact individuals, affect re-
mains congruent with the mood state. Neuropsychiatric
disorders can disconnect affect from mood and thus disrupt
a person’s ability to effectively and accurately communicate
their prevailing mood. Right hemisphere pathology can
produce an expressive dysprosodia through which facial
expression, gesticulation, and speech inflection become
limited. Such persons often appear depressed despite deny-
ing feelings of dysphoria (Ross 1985). Frontal systems dys-
function resulting in apathy syndromes and Parkinson’s
disease are also associated with limited affective expression
of internal mood states. Pseudobulbar palsy presents with
excessive displays of affect in response to minimal emo-
tional stimuli and results from bilateral damage to
corticobulbar tracts, generally in the setting of cerebro-
vascular disease.
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Assessment of Anxiety

Anxiety is often evoked during the neuropsychiatric evalu-
ation and can affect a person’s ability to concentrate and
perform optimally on cognitive examination. The exam-
iner should promptly identify signs of anxiety and make ef-
forts to moderate the patient’s distress. Gentle reassur-
ances are usually all that are required for the patient to
continue with the examination. The examiner should also
inquire about the presence of any specific or recurrent wor-
ries that the patient experiences. Anxiety disorders are
among the most common psychiatric syndromes in the el-
derly. Blazer et al. (1991) reported a 6-month prevalence of
19.7% for any anxiety disorder in the elderly.

Assessment of Compulsions and
Repetitive Behavior

Obsessive-compulsive symptoms are occasionally sequelae
of neuropsychiatric illness. Positron-emission tomo-
graphic studies of symptomatic individuals have shown dis-
turbances in orbitofrontal-basal ganglia networks (Baxter
et al. 1988). Disorders affecting the basal ganglia can be as-
sociated with symptoms of obsessive-compulsive disorder,
including intrusive thoughts, repetition, preoccupation
with cleanliness, and ruminations (Tomer et al. 1993).

Assessment of Personality Changes

Personality changes detailed above are commonly encoun-
tered in the setting of frontal systems dysfunction. Affected
individuals often lack awareness of any change in social
comportment. The inquiry into pertinent personality
changes should therefore include the caregiver’s percep-
tions of change. Ott et al. (1996) found that right hemi-
sphere pathology is associated with a reduction in insight.

Assessment of Thought

Disordered thinking is a common symptom in the elderly.
Both thought process and thought content are vulnerable
to derangement by numerous neuropsychiatric conditions
(Cummings 1985b). The influence of primary psychiatric
diagnoses such as mania and schizophrenia on thought
process is well known. However, frontal systems dysfunc-
tion can mimic these presentations by disrupting the ability
to screen out irrelevant stimuli and maintain a given behav-
ioral set. Consequently, stimulus-bound individuals may
reveal tangential thinking or flight of ideas. Patients with
apathy syndromes may appear to have a poverty of
thoughts. Their paucity of speech precludes confident as-
sessment of the thought process. Damage to the posterior

language areas can present as rambling, incoherent speech,
which may be misdiagnosed as thought derailment.

Disorders of thought content are known to arise late in
life. Monosymptomatic or content-specific delusions, in
particular, have been reported as sequelae of a number of
generalized and focal neurological conditions affecting the
brain (Malloy and Richardson 1994). The delusional
themes include the duplication of person (Capgras’s syn-
drome) or place (reduplicative paramnesia), sexual themes
of infidelity (Othello syndrome) or love (de Clerambault
syndrome), or physical changes such as being infested with
parasites (Ekbom’s syndrome) or being dead (Cotard’s syn-
drome). Lesions affecting the heteromodal association
cortex of the right hemisphere appear to be especially likely
to result in the occurrence of monosymptomatic delusions
(Cutting 1991).

Assessment of Perceptions

Disordered perception in the elderly typically presents as
illusions or hallucinations. Illusions are a misperception of
a sensory stimulus, such as mistaking a shoe for a cat, and
are often experienced by cognitively impaired individuals
with diminished vision or hearing, especially at night.
These problems are readily treated with correction of the
visual problem, use of a hearing aid, or improved lighting.
Hallucinations, the experience of a sensory perception in
the absence of a stimulus, may indicate the presence of
encephalopathy and can occur with any sensory modality.

Sensorimotor Examination

Sensorimotor impairments significantly affect functional
status in the elderly and require thorough assessment. The
major neuropsychiatric syndromes described above are of-
ten associated with sensorimotor findings. Careful identi-
fication of sensorimotor impairments is necessary to pro-
vide remedial interventions. Elderly individuals with gait
impairment are at increased risk for falls, which may be
prevented by some form of ambulatory assistance such as a
cane or walker, by avoiding doses of medication known to
cause ataxia, or by optimizing treatment of the underlying
cause, such as Parkinson’s disease. In addition, in situations
where the cognitive examination reveals a focal pattern of
deficits, sensorimotor signs can further refine the bedside
localization of cerebral pathology. For an outstanding re-
view of the neurological examination, the reader is referred
to Haerer (1992). The examination discussed below is lim-
ited to information that is more directly applicable to the
neuropsychiatric assessment.
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Observation

A great deal of information can be gleaned from the patient
through simple observation. The gait can be scrutinized as
the patient walks to the examiner’s office. The posture may
reveal the simian stance of Parkinson’s disease or spinal ab-
normalities such as kyphosis, lordosis, or scoliosis brought
on by osteoporosis. Diminished arm swing may be a sign of
Parkinson’s disease. Frontal systems disease is often associ-
ated with a gait apraxia in which the patient’s feet appear to
stick to the floor like magnets. Circumduction of one leg
may be caused by spasticity resulting from an upper motor
neuron lesion. Ataxia is frequently noted as a side effect of
many psychotropic medications with anticholinergic or
antidopaminergic properties. Walking heel-to-toe can
elicit dystonic posturing of a hand and arm, suggesting
contralateral hemispheric injury. Impaired tandem gait can
also be a result of peripheral sensory loss, pain, or focal
weakness.

Observation of the face during the neuropsychiatric
examination may reveal a Horner’s syndrome resulting
from ipsilateral carotid atherosclerosis. The full Horner’s
syndrome includes unilateral ptosis, meiosis, and
anhidrosis. A flattened nasolabial fold can indicate a facial
plegia from a contralateral lesion such as a stroke. A
masked, bland facies with diminished blinking is a common
sequela of Parkinson’s disease. Exophthalmos may be a sign
of hyperthyroidism.

Failure to shave or apply cosmetics to the left side of
the face is often seen with left hemineglect as a result of a
right hemisphere lesion.

Vision and Hearing

Vision and hearing should be assessed. Elderly patients may
not be fully aware of a gradual decline in these sensory modal-
itiesandoftenpresentwithsignificant impairment.Providing
elderly patients with proper eyeglasses and hearing aids can
immediately improve functional status and diminish risk of
accidents. Ocular and ear diseases are also associated with in-
creased risk for modality-specific release hallucinations
(Hammeke et al. 1983; White 1980). Anterior visual pathol-
ogy can lead to the Charles Bonnet syndrome, characterized
by well-formed visual hallucinations (Berrios and Brook
1984). Diminished ability to discriminate others’ speech may
exacerbate a tendency toward paranoia in susceptible individ-
uals (Cooper and Curry 1976).

Oculomotion

Examining eye movement provides a wealth of informa-
tion with localizing value. Patients who cannot track the

examiner’s moving finger without also moving their head
may be stimulus bound from frontal systems disease. A uni-
lateral lesion of the frontal eye fields will lead to an
ipsilateral gaze preference. The pupils will not cross the
midline with voluntary gaze to the contralateral hemi-
space. Difficulty with voluntary saccades can be an early
sign of Huntington’s disease in susceptible individuals
(Grafton et al. 1990). Internuclear ophthalmoplegia re-
flects brainstem pathology, commonly a result of multiple
sclerosis. Damage to the right medial longitudinal
fasciculus will cause failure of the left eye to cross the
midline to the right, while the right eye will track normally
but exhibit monocular nystagmus. Inability to track a
downward moving finger below the midline may be a sign
of progressive supranuclear palsy. Lid lag with downward
gaze may be a sign of hypothyroidism.

Examination of the visual fields by confrontation can
help to localize temporal, parietal, and occipital lesions
from damage to the optic radiations. Visual information
from the superior quadrants is carried by the inferior aspect
of the optic radiations, known as Meyer loop. Temporal
lobe lesions will produce a contralateral superior quad-
rantanopia. Inferior parietal lesions can cause a contra-
lateral inferior quadrantanopia. Patients with left hemi-
neglect caused by a right hemisphere lesion may appear to
have a complete contralateral hemianopia. However, visual
fields testing in this situation is very difficult because of the
strong tendency to neglect left-sided stimuli.

Extrapyramidal Motor Examination

Diseases of the basal ganglia are commonly encountered in
geriatric neuropsychiatric practice. The clinical assess-
ment of extrapyramidal motor function is an essential ele-
ment of proper diagnosis and treatment. The typical gait
and tremor of a patient with Parkinson’s disease has been
described above. In addition to the shuffling quality of the
gait, festination is noted, whereby the patient will tend to
increase speed and fall forward. Patients cannot turn
around easily and tend to turn slowly by shuffling in place.
Extrapyramidal muscular rigidity is present throughout
the entire range of motion of the neck, trunk, and extremi-
ties. A jerky yielding of resistance known as cogwheeling is
often noted when examining nuchal, truncal, or limb flexor
tone. Repeated rapid opening and closing of the hands will
demonstrate a gradual reduction in speed and amplitude.
Diffuse increases in tone are noted with lacunar states, but
are not associated with cogwheeling unless a parkinsonian
tremor is also present.

An additional sign of upper motor neuron and
extrapyramidal pathology is gegenhalten, a direct resis-
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tance to passive changes in position and posture. Patients
who actively move their limb with the examiner despite re-
quests to remain passive demonstrate mitgehen, a finding
often noted with frontal systems dysfunction. The
pronator drift test can often elicit subtle changes in motor
tone as a result of hemispheric dysfunction. A slow
pronation of the contralateral wrist with slight flexion of
the elbow and fingers along with downward and lateral
drift of the hand is noted. After the pronator drift test, the
patient can be examined for propulsion and retropulsion by
giving the patient a sudden push in either direction. Pa-
tients with Parkinson’s disease cannot rapidly execute
counteractive muscle groups and will stumble in the direc-
tion of the push.

Reflexes

Examination of muscle stretch reflexes, and in particular,
the biceps, triceps, brachioradialis, patellar, and Achilles
reflexes, not only assesses the integrity of the sensory and
motor systems, but also has localizing value. Focal lesions
involving upper motor neurons originating in the
precentral gyrus or their axonal tracts coursing caudally
through the internal capsule to form the corticospinal tract
can cause a contralateral increase in reflex response. The
presence of a Babinski sign, dorsiflexion and fanning of the
toes in response to stimulating the sole of the foot, is an ad-
ditional important lateralizing sign of corticospinal pa-
thology. Geriatric patients with dementia are often vari-
ably cooperative with neuropsychiatric testing. However,
the reflexes can be reliably tested despite a lack of complete
cooperation by the patient.

The value of frontal release signs in neuropsychiatry
tends to be overstated. The integrity of the frontal systems
is reflected by the quality of the person’s behavior over
time. A clinical history of behavioral change as noted
above, along with impaired performance on bedside tests
of frontal functions, is sufficient to offer a diagnosis of exec-
utive impairment. The absence of snout, glabellar, and
palmomental reflexes in this situation would not exclude
the diagnosis. Further, the presence of these reflexes in the
absence of behavioral changes or impairment with frontal
tests does not suggest the presence of frontal systems dys-
function.

Formulation: Localizing the Findings

An important aspect of the biological domain of the formu-
lation is to place the findings in the brain. The diagnostic
necessity for this is discussed earlier in the context of wide-

spread impairments in the cortical dementias. However,
patterns of deficits are commonly noted. These patterns
often reflect regional impairments caused by localized pa-
thology such as a stroke or a tumor. The data from the clini-
cal interview, mental status examination, and sensorimotor
examination can be organized in a regional fashion. Table
5–3 is intended to assist the reader with neuropsychiatric
localization. The table illustrates the relationship between
the three areas of inquiry and can serve as a rough guideline
for the cardinal signs and symptoms of regional cerebral
dysfunction.

Summary

The neuropsychiatric formulation is the synthesis of the
collected data into a cohesive clinical picture. The data are
best organized in terms of the biopsychosocial model
(Engel 1980). Biological deficits always have some psycho-
logical response. Furthermore, the patient’s support per-
sons will have a response of their own to the patient, which
influences the effectiveness of the patient’s attempts at ad-
aptation. A case example follows.

An elderly woman presented to the neuropsychiatry clinic
with the complaint of progressive memory impairment.
She noted a significant decrease in her ability to manage
the household. Her husband had taken up many chores
formerly done by the patient. She believed that the need
for assistance meant that she was “a failure” and that she
was “a burden on her husband.” He tended to downplay
the patient’s memory problem and believed she was being
“lazy.” Her sleep and appetite were diminished, and she ex-
perienced less interest in pleasurable activities. She had a
history of poorly controlled hypertension.

Mental status testing demonstrated difficulty with alter-
nating motor sequences as described by Luria (1980), mir-
roring the examiner’s movements on a go/no-go task, and
perseveration when copying an alternating design. She
also had diminished storage and retrieval of new verbal in-
formation and required prompting to complete a chrono-
logical list of recent presidents. The sensorimotor
examination revealed a mild bilateral increase in muscular
tone and reflexes, greater on the right side. Computed to-
mography of the brain showed mild to moderate general-
ized cortical atrophy along with several lacunar infarcts in
the basal ganglia bilaterally.

Without going into further clinical detail, biologically, the
patient had acquired a syndrome of impaired cognition
and depressed mood. Her cognitive and neuroimaging
findings suggested frontotemporal systems dysfunction of
a possibly mixed cortical degenerative and subcortical vas-
cular pattern, exacerbated by the depressive syndrome.
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Psychologically, she equated being an effective household
manager with being a good person. The executive deficits
threatened her fragile sense of self-esteem. She also expe-
rienced a significant threat from the diminished autonomy

associated with her deficits and the need to rely on her
seemingly unempathic husband. Her husband appeared to
deny the possibility of a progressive dementing syndrome,
which may have protected him from acknowledging the
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TABLE 5–3. Localizing neuropsychiatric findings

Region History Mental status Sensorimotor
Frontal Disorganization

Disinhibition
High-level attention deficit
Luria motor sequences deficit
Go/no-go task deficit
Decrease in verbal fluency
Perseveration
Losses of set
Confabulation
Witzelsucht

Gait apraxia
Mitgehen
Ipsilateral gaze preference
Primitive reflexes

Apathy Dilapidation Hypokinesis

Subcortical Motor impairment
Social withdrawal
Cognitive impairment

Dilapidation
Mental torpor
Retrieval deficit

Hypokinesis
Masked facies
Simian stance
Festinating gait
Adventitious movement
Muscular rigidity
Cogwheeling
Gegenhalten
Downward gaze palsy

Right hemisphere Confusional state
Delusions
Spatial disorientation
Neglect
Denial of deficit
Dressing difficulties
Left-sided motor impairment

Dysprosodia
Visuoconstructive deficit
Spatial analysis deficit
Left hemineglect
Visual memory deficit
Dressing apraxia

Left hypertonus
Left Babinski sign
Left astereognosis
Left dysgraphesthesia
Double simultaneous

extinction
Posturing of left hand/arm

with tandem gait
Left pronator drift
Left quadrantanopia

Left hemisphere Right-sided motor impairment
Language impairment
Math impairment

Ideomotor apraxia
Dysphasia
Dyslexia
Dyscalculia
Dysgraphia
Right/left disorientation
Finger agnosia

Right hypertonus
Right Babinski sign
Right astereognosis
Right dysgraphesthesia
Posturing of right hand/arm

with tandem gait
Right pronator drift
Right quadrantanopia

Bitemporal Placidity
Hyperorality
Hypersexuality

Amnesia
Agnosia
Visual: right
Auditory: left
Anomia
Prosopagnosia

Superior quadrantanopia

Biparietal Spatial disorientation Asimultanagnosia Inferior quadrantanopia
Ocular apraxia
Optic ataxia



potential loss of his partner through dementia. Socially, her
husband struggled with assisting her, which compounded
her dysphoria by making her feel like a burden. Her de-
pressive syndrome made her anergic and even less able to
meet the demands of household management.

Once a case is summarized in this fashion, the treat-
ment plan can be constructed to address the depression, de-
mentia, issues with the partner, the partner’s issues with the
patient’s deteriorating condition, and the couple’s sub-
optimal communication.

Conclusions

Geriatric neuropsychiatry provides clinicians with a com-
prehensive approach for understanding and helping el-
derly persons with cerebral dysfunction of any etiology.
The progressive increase in longevity of the United States
population means that an increasing proportion of the
populace will be at risk for acquiring a neuropsychiatric
syndrome. The ability to diagnose these varied conditions
in their early stages and institute aggressive therapeutic
and remedial measures will prolong the independent func-
tioning of our patients, improve the quality of their lives,
and diminish the significant expense of caring for elderly
persons unable to function autonomously. Recent ad-
vances in understanding the brain function in healthy and
pathological states will provide us with opportunities to of-
fer more effective treatments in the future. However, the
time-honored skills of inquiry, listening, and physical ex-
amination will remain the cornerstone of the practice of
our specialty.
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6
Mental Status Examination

David L. Sultzer, M.D.

Mental status examination is a critical
part of the neuropsychiatric assess-

ment of older patients. The examination reveals the in-
tegrity of cognitive skills, which are those intellectual
abilities that facilitate thinking, perception, communica-
tion, and problem solving. Several cognitive domains are
assessed, including attention, memory, language,
visuospatial skills, calculation, and executive skills.

Cognitive evaluation adds an important dimension to
neuropsychiatric assessment. The psychiatric examination
reveals abnormal experiences, thoughts, interpersonal
skills, and behavior. The neurological evaluation focuses
primarily on the motor and sensory system. The cognitive
mental status examination assesses the integrity of a broad
range of brain structures and can reveal the presence of ce-
rebral pathology that contributes to the expression of psy-
chiatric symptoms or intellectual deficits. Although a
trichotomy is implied, the psychiatric, cognitive, and neu-
rological examinations overlap considerably. Together
they identify a pattern of neuropsychiatric signs that the
clinician uses to formulate a differential diagnosis, direct
further evaluation, and monitor change over time.

Assessing cognitive skills is particularly important in
older patients because the prevalence of delirium, demen-

tia, and psychiatric symptoms related to neurological con-
ditions increases with age. Other goals of mental status as-
sessment in older patients include

1. Distinguishing cognitive changes of normal aging
from deficits resulting from dementia;

2. Distinguishing cognitive changes of dementia from
those associated with depression or delirium;

3. Promoting early recognition and treatment of de-
mentia because even moderate cognitive decline is
often not detected by family members (Ross et al.
1997) or the primary physician (Callahan et al. 1995;
Eefsting et al. 1996);

4. Identifying and localizing cerebral pathology that is
neurologically silent;

5. Monitoring response to treatment for dementia and
other cognitive disorders; and

6. Identifying cognitive strengths in patients with mild
overall impairment. Use of preserved cognitive skills
can maximize a patient’s functional skills.

Mental status assessment is not exclusively reserved for
neuropsychologists or other subspecialists. Although com-
plex cases may benefit from referral to a specialist, the basic
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examination can be performed efficiently by many practi-
tioners. Thoughtful, focused evaluations can rapidly and
accurately reveal the necessary information for diagnosis
and treatment.

In this chapter, I review the technique of clinical men-
tal status examination, the regional neuroanatomical pa-
thology associated with cognitive deficits, common syn-
dromes of cognitive impairment, and the use of rating
scales for cognitive assessment. Individual neuropsychiat-
ric syndromes in the elderly are described in Sections III
and IV of this volume and an overview of the neuroana-
tomical and neurochemical underpinnings of human cog-
nition and emotion is provided in Chapter 4 this volume.
The role of mental status assessment in the diagnosis of de-
mentia has been described in several recent clinical guide-
lines (American Psychiatric Association 1997; Costa et al.
1996; Small et al. 1997; U.S. Department of Veterans Af-
fairs 1997).

Clinical History

The mental status examination begins with a historical re-
view of symptoms. The patient should be invited to de-
scribe current or past difficulties with memory and think-
ing, such as problems concentrating, forgetting recent
events, forgetting where things are located, difficulty find-
ing the right word to say, difficulty understanding what
others are saying, getting lost in previously familiar places,
or difficulty with routine financial transactions or record
keeping. Specific features and time course of the difficul-
ties are diagnostically relevant and point toward those cog-
nitive domains that should be explored in more detail dur-
ing the examination. A history of head trauma, meningitis,
encephalitis, seizure disorder, psychiatric symptoms,
neurological symptoms, or substance abuse should be
identified.

Because memory or language impairment can inter-
fere with the patient’s ability to provide an accurate history,
information from a family member or close friend is useful.
Family members may feel uncomfortable discussing diffi-
culties with the patient present; if so, a separate interview
should be conducted. The patient’s age, educational back-
ground, cultural background, occupation, and handedness
should be noted because these factors affect the interpreta-
tion of cognitive performance.

Examination Technique

The length and depth of the mental status evaluation de-
pends on the clinical circumstances and the specific goals

(e.g., screening of elderly persons without obvious neuro-
psychiatric illness, evaluating suspected dementia, or mon-
itoring response to treatment for a cognitive disorder). All
patients with suspected neuropsychiatric illness require at
least a brief screen for competence in each cognitive do-
main. In some cases, the history of symptoms or the results
of a screening evaluation point toward a cognitive area that
needs to be investigated in detail or warrants formal
neuropsychological assessment. Rating scales can be par-
ticularly useful for diagnostic screening or for following a
patient’s symptoms over time.

The examiner develops and tests hypotheses during
the course of the examination, beginning with observations
of behavior and language during the history taking. Ob-
serving how the patient behaves during the assessment and
how he or she approaches cognitive challenges is essential.
Throughout the examination, the kind of errors that occur
is as important as the presence of errors.

A patient may become anxious or defensive during the
evaluation. A brief description of the purpose and content
of the examination at the beginning usually helps reduce
anxiety. The patient should be reminded that “some of
these questions may seem relatively easy and others may be
very difficult.” The evaluation is not an interrogation; an
empathic approach improves the interpersonal quality of
the interview and increases the reliability of the assess-
ment. In some circumstances, completing the assessment
over several brief meetings is preferable to one long exami-
nation.

The principal cognitive functions are listed in Table
6–1. These domains are not hierarchical, but competence
in some domains is required for adequate performance in
others. Adequate attention (arousal and concentration) is
required for optimal performance of all other cognitive
tasks. A patient who is stuporous or markedly distractible
will have difficulty with other tasks. Some executive skills re-
quire competence in other cognitive areas because inte-
grating several elementary cognitive abilities may be nec-
essary. As a result of these two principles, attention is
usually assessed at the beginning of the evaluation, and ex-
ecutive skills are often assessed at the end.

Clinical Mental Status Examination

Attention

Attention is the ability to focus, sustain, and appropriately
shift mental activity. Arousal and concentration both con-
tribute to attention. Arousal, alertness, and “level of con-
sciousness” are terms that describe the patient’s awareness

126 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



of stimuli. Level of arousal is evident during the interview
and falls along a continuum from fully alert to comatose.
Intermediate levels of arousal include lethargy, obtundation,
and stupor (Plum and Posner 1982), and these levels are de-
fined by the amount of stimulus required to maintain an
awake state. A patient with mild impairment of arousal ap-
pears drowsy or may fall asleep during the interview. Marked
impairment of arousal can be monitored using the Glasgow
Coma Scale (Teasdale and Jennett 1974).

Poor concentration is manifest as difficulty focusing on a
conversation or task. The patient may be easily distracted
by extraneous events in the room, the television, or a sound
outdoors. Concentration is further assessed by testing:

1. Digit span. The patient is asked to repeat a string of
digits that is presented by the examiner at a rate of
one digit per second. A string of three digits is ini-
tially presented, followed by a string of four digits,
then five digits, etc. Repeating a string of at least five
digits correctly is considered normal performance.

2. Reverse digit span. The examiner presents a string of
digits, and the patient is asked to repeat the string in
reverse order. Normal aging is associated with a mild
decline in the ability to perform reverse digit span,
but forward digit span is relatively unaffected by age

(Lezak 1995). Normal elderly can reverse a string of
at least three digits.

3. Serial 7s. The patient is asked to subtract 7 from 100,
and to continue subtracting 7 from the result. Arith-
metic skills are a prerequisite for accurate perfor-
mance, and the patient’s educational background and
occupation provide clues to the expected level of per-
formance.

4. Reverse sequences. The patient is asked to state the
days of the week, or the months of the year, in reverse
order (e.g., “December, November, October, . . . ”).
These tasks may be preferable for patients who have
limited education or do not routinely work with
numbers.

5. Continuous performance. The patient is asked to tap
the table “each time you hear the letter A.” The ex-
aminer then presents a string of random letters that
contains embedded A’s. Letters are presented at a
rate of one per second, and the task continues for at
least 30 seconds. Errors of omission (not tapping for
an A) and errors of commission (tapping for a non-A)
are noted. Normally no errors occur.

Arousal is maintained by the reticular activating sys-
tem. This system originates with cells of the pons and
midbrain and projects diffusely to cortical and subcortical
regions of the brain via the thalamic projection system.
Concentration requires an intact reticular activating sys-
tem as well as intact cortical (particularly frontal) and
limbic structures that focus and modulate attention. Spe-
cific disorders of attention are discussed later in this chap-
ter. Patients with impaired arousal or concentration have
difficulty with other cognitive tasks because attention is re-
quired to stay awake, understand directions, and maintain
the mental control required for optimal performance.
Thus, all cognitive deficits must be interpreted cautiously
when attention is impaired. Diagnoses of dementia or am-
nesia cannot be reliably made when there is marked distur-
bance of arousal or concentration.

Memory

Recent studies have helped to clarify the neuropsychology
and neurobiology of memory. The synaptic changes and
neuroanatomic systems responsible for various aspects of
memory function have been defined (Kupfermann 1991;
Tranel and Damasio 1995), and neuropsychological con-
structs of memory processing and memory subtypes have
been elaborated (Baddeley 1995). However, although
strategies to assess specific aspects of memory function are
available (Lezak 1995), such techniques may be complex
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TABLE 6–1. Cognitive domains assessed in the
mental status examination

Attention
Arousal
Concentration

Memory
Learning
Recall
Recognition

Language
Spontaneous output; fluency
Comprehension
Repetition
Naming

Visuospatial skills
Calculation
Praxis
Executive skills

Drive
Programming
Response control
Synthesis



and require instruments not available in typical clinical
settings.

For the purpose of routine clinical assessment, mem-
ory can be divided into the ability to learn, retain, and recall
information. Learning and recall can be assessed using a
word list test. A list of words is read aloud to the patient who
is asked to immediately recall as many words as possible
from the list. The process is repeated, using the same list,
three or four times. This strategy assesses the patient’s im-
mediate or working memory, which requires intact atten-
tion. Immediate recall of more words on subsequent trials
indicates that learning is occurring. Later in the mental sta-
tus examination, the patient is asked to recall the word list.
Patients with normal memory recall the majority of the
words. The examiner should give the patient category clues
for those words that are not recalled spontaneously (e.g.,
“an article of clothing”), followed by multiple choices for
words that are not recalled with category clues (e.g., “Was
the word ‘hat,’ ‘belt,’ or ‘shoes’?”). Poor free recall of the
word list and inability to recognize the words with clues in-
dicate that the information has not been learned and re-
tained. Poor free recall but accurate recognition of many of
the words when given clues suggests dysfunction of the
memory retrieval process and indicates that some learning
and retention has occurred. Although a word list contain-
ing 3 words may suffice for cognitive screening, a longer list
of 8–10 words can demonstrate the learning curve and can
provide a more sensitive and specific test of learning and re-
call. Orientation questions to test learning and recall of the
date and location also assess memory function.

Learning requires the integrity of limbic structures:
the medial temporal lobes, the fornix, the dorsomedial
thalamic nuclei, and the mammillary bodies (Squire 1987;
Tranel and Damasio 1995). Severe memory impairment is
usually a result of bilateral or midline brain dysfunction;
unilateral brain pathology (often a medial temporal lobe le-
sion) can cause mild memory impairment. Preferential im-
pairment of verbal memory occurs with left hemisphere
dysfunction, whereas impairment in visuospatial memory
often occurs with right hemisphere dysfunction (Signoret
1985). Verbal memory is assessed with the word list test.
Visuospatial memory can be assessed by asking the patient
to reproduce drawings, either immediately after a brief
presentation (working memory) or later in the examination
(learning, retention, and recall). Alternatively, visuospatial
memory can be assessed by asking the patient to locate ob-
jects that were previously hidden in the room while the pa-
tient observed. Assessing visuospatial memory is particu-
larly important in patients with significant aphasia who
may fail verbal memory tests on the basis of language, not
memory, deficits.

Tests of remote memory assess the ability to recall infor-
mation that was learned in the distant past. Accurate re-
mote memory requires the integrity of diffuse cortical sys-
tems that are required for storage and recall of data.
Patients with limbic dysfunction who are unable to learn
new information (as in Korsakoff’s syndrome or after head
trauma or herpes encephalitis) may be able to recall infor-
mation that was learned before limbic disturbance. Remote
memory is assessed by asking the patient to recall historical
data: birthplace, family birthdays, work history, past presi-
dents, or details of important historical events. For reliable
assessment, the correct information must have clearly been
learned in the past by the patient (and be known by the ex-
aminer). Therefore, it is helpful to validate remote mem-
ory loss with collateral sources.

Language

Language skills are essential for human communication.
Language competence is also required for accurate perfor-
mance in other cognitive domains because most of the in-
formation essential to routine cognition is verbally medi-
ated. Right- or left-handedness should be noted in the
examination because handedness predicts which hemi-
sphere is dominant for language. Nearly all right-handed
individuals and the majority of left-handers are left hemi-
sphere dominant for language. Some left-handers, particu-
larly those with a strong family history of left-handedness,
have language function distributed across both hemi-
spheres.

Language assessment explores four principal areas:
spontaneous verbal output, comprehension, repetition,
and naming. Spontaneous verbal output is evaluated during
the clinical interview by listening to the linguistic features
of the patient’s discourse. Dysarthria, a motor disorder of
speech, is distinguished from aphasia, a disorder of lan-
guage. Two categories of aphasia in the patient’s spontane-
ous verbal output are considered. In fluent aphasia, lan-
guage output is generally effortless, with normal or
increased number of words per minute, normal melody and
inflection (prosody), and normal phrase length. Para-
phasias, or intrusions of incorrect words or phonemes, can
occur (e.g., ”I was leading the newspaper”). The informa-
tion content, or “efficiency” of language, is usually low:
long sentences may contain many grammatical connecting
words, nonspecific nouns (“thing,” “the other one”), and
limited meaning (“empty speech”). Nonfluent aphasia, in
contrast, is characterized by effortful but reduced word
output, short phrase length, and dysprosody. Dysarthria is
often present and sentences efficiently convey meaning
with few words. Grammar and syntax are usually abnormal.
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Fluent aphasia occurs with lesions of the posterior left
hemisphere, whereas nonfluent aphasia occurs with lesions
of the left frontal cortex or underlying white matter.

Comprehension is assessed by asking the patient to

1. Follow simple commands. Single-step or multiple-step
commands are given, such as “Point to your nose” or
“Point to the window, then to the floor, and then to
the chair.”

2. Follow commands, using objects. Several items are
placed on the table (e.g., a pen, a key, a paper clip,
and a nickel). The patient is asked to follow instruc-
tions, such as “Touch the pen, then pick up the paper
clip,” or “With the key, touch the nickel, then point
to the floor.”

3. Answer yes/no questions. Examples are “Does a rock
float on water?” and “Do you put your shoes on be-
fore your socks?”

Reading comprehension can be assessed by presenting
similar commands and questions to the patient in writing.
Reduced hearing in the elderly can contribute to impaired
performance with spoken commands. Language compre-
hension deficits occur with dysfunction of the left posterior
temporal or parietotemporal cortex.

Repetition is assessed by asking the patient to repeat
sentences of increasing length and linguistic complexity.
Abnormal repetition occurs with disruption of perisylvian
structures of the left hemisphere.

A disturbance of naming may be evident as word-
finding difficulty in the course of spontaneous speech.
Naming is further assessed by asking the patient to identify
objects or parts of the body. Both high-frequency names
(elbow, nose, shoe, watch, pen) and low-frequency names
(eyebrow, earlobe, sole of the shoe, watch crystal) are
tested. Poor naming may result from focal brain lesions
(usually the left inferior parietal lobule) or with diffuse
hemispheric dysfunction. Other tasks, such as verbal fluency
(asking the patient to name as many animals as possible in 1
minute), reading skills, and writing ability, can help identify
specific aphasic disorders and can provide additional infor-
mation on regional brain function (Strub and Black 1993).
The syndromes of aphasia are discussed later in this
chapter.

Visuospatial Skills

Visuospatial impairment is one of the most sensitive indi-
cators of brain dysfunction. Patients with mild delirium or
with posterior brain lesions that are otherwise neurologi-
cally silent may have marked visuospatial deficits. In con-

trast, patients with primary psychiatric illness usually have
minimal difficulty with visuospatial tasks.

Visuospatial skills include visually guided attention,
perception, use of internal visual images, visuospatial
memory, and constructional abilities. The history can re-
veal important evidence of visuospatial impairment: get-
ting lost in previously familiar environments, difficulty es-
timating distance, or difficulty orienting objects to
complete a task. Visuospatial skills can be clinically as-
sessed by asking the patient to copy drawings provided by
the examiner or by asking the patient to spontaneously
draw a clockface, a house, or a person. Drawings to be cop-
ied should include a simple geometric shape, a design that
is not easily verbally described, and a complex drawing with
three-dimensional perspective. Examples are shown in
Figure 6–1. The patient’s drawings may reveal a variety of
visuospatial errors: poor use of the space available to draw,
hemineglect, unusual drawing strategy (focusing on detail
while missing overall layout), overlapping or “closing in”
on the stimulus drawing, loss of details, loss of
three-dimensionality, or poor spatial relationships among
elements of the drawing (reversals, rotations, inaccurate
angles). Examples of inaccurate reproduction drawings are
shown in Figure 6–2. Asking the patient to draw a clockface
and put hands on the clock to indicate a particular time may
rapidly reveal a visuoconstructive deficit (Mendez et al.
1992) and may reveal impaired executive skills (Royall et al.
1998). Visual acuity and motor skills are obviously required
for accurate drawing. Complete understanding of visuo-
spatial deficits may require formal neuropsychological as-
sessment using standardized tests of block design, object
assembly, and line orientation (Lezak 1995).

Visuospatial impairment is more common and usually
more severe among patients with a focal brain lesion in the
posterior hemisphere (Black and Strub 1976). Patients
with right hemisphere lesions more often have visuospatial
deficits than those with left hemisphere lesions. Character-
istic visuoconstructive deficits that depend on the laterality
of brain injury have been identified, although the specific-
ity of these findings is limited (Benson and Barton 1970).
Features of the deficits associated with lateralized lesions
are shown in Table 6–2. Executive skills, in addition to
visuospatial abilities, are apparent in the organizational
strategy used by the patient to draw a figure (e.g., Figure
6–2, panel B).

Among the elderly, visuospatial disturbance is a sensi-
tive indicator of delirium and can occur in any dementia syn-
drome. Patients with Alzheimer’s disease typically have
visuospatial impairment early in the course of illness.
Visuospatial impairment may also occur with a focal brain
lesion resulting from cortical infarction or tumor.
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Calculation

Calculation skill is assessed by asking the patient to per-
form simple addition and multiplication (e.g., 7 + 6, 5 × 7,
8 × 9) and then more difficult arithmetic (e.g., 18 + 29,
15 × 7) without using paper and pencil. Calculation is fur-
ther assessed by asking the patient to answer arithmetic
questions with paper and pencil (e.g., 129 + 87, 423 × 18).
The ability to perform calculations requires attention, an
understanding of mathematic operations (addition, sub-
traction, multiplication, division), memorized knowledge
of simple sums and the “times table,” and the visuospatial
ability to maintain number alignment. The patient’s educa-
tional background and premorbid arithmetic skills must be
considered in assessing current performance.

Dyscalculia may result from a variety of neurological
conditions. Patients with impaired concentration as a re-
sult of delirium usually perform poorly, as do patients with
diffuse degenerative brain conditions such as Alzheimer’s
disease. Dyscalculia has been demonstrated in patients
with focal involvement of a wide range of brain regions, al-
though it often occurs in association with aphasia and is
most common with lesions of the dominant parietal lobe
(Luria 1980).

Executive Skills

Executive skills are those mental abilities that facilitate per-
formance of complex cognitive tasks or behaviors. A con-

stellation of skills that extend beyond memory, language,
and visuospatial competence is included: planning strate-
gies to accomplish tasks, implementing strategies, adjust-
ing strategies as needed, monitoring performance, recog-
nizing patterns, appreciating time sequence, and
formulating abstract ideas (Duffy and Campbell 1994;
Tranel et al. 1994). Such skills are critical for routine daily
activities. Executive deficits are associated with disruptive
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FIGURE 6–1. Examples of designs to be reproduced to as-
sess visuospatial skill. Panel A: Simple geometric shapes.
Panel B: Designs that are not easily verbally described.
Panel C: Three-dimensional designs.

FIGURE 6–2. Examples of inaccurate reproduction draw-
ings. The design to be reproduced is shown on the left; the
patient’s reproduction is to the right. Panel A: Inaccurate an-
gles and rotation of one of the pentagons; patient with delir-
ium. Panel B: Stimulus boundedness; the patient’s drawing
overlaps the stimulus figure; patient with Alzheimer’s disease.
Panel C: Missing parts of the design and evidence of tremor;
patient with Alzheimer’s disease. Panel D: Missing parts of the
design and loss of three-dimensionality; patient with vascular
dementia. Panel E: Simplified drawing with loss of three-
dimensionality; patient after resection of a left occipital
astrocytoma.



behaviors and self-care limitations among patients with
Alzheimer’s disease (Chen et al. 1998) and among hetero-
geneous groups of community-dwelling and institutional-
ized elderly (Royall et al. 1992).

Executive skills can be divided into four categories:
drive, programming, response control, and synthesis (Ta-
ble 6–3). These categories provide a useful framework for
assessing executive function, although there is overlap
among the categories. Executive skills can be adequately
assessed in the clinic, although an informant’s description
of the patient’s ability to accomplish tasks, negotiate social
situations, and respond to environmental contingencies
can be particularly revealing (Malloy and Richardson
1994).

Drive includes the initiation of cognitive activity and
sustained motivation to perform tasks. Drive is subjectively
assessed during the mental status examination. Reduced
drive usually has a marked impact on performance in other
cognitive domains.

Programming is the ability to recognize patterns and
to generate motor programs to perform motor sequences.
Two ways that programming skill can be assessed include

1. Alternating programs. The examiner provides the pa-
tient with an alternating pattern. The patient is
asked to copy the pattern and continue the pattern
across the page. Examples of inability to generate or
maintain a pattern are shown in Figure 6–3.

2. Hand sequences. The patient is asked to perform a
three-step hand sequence: “slap” (palm down on the

table), “fist” (hand in a fist on the table), and “cut”
(side of the hand on the table) (Christensen 1975).
The examiner demonstrates the sequence, and then
the patient attempts to produce the sequence.
Normally, a subject will learn to perform the pattern
smoothly after about five trials. If there is difficulty,
the patient is encouraged to “say the words out loud
as you do each step” (“slap,” “fist,” “cut”). Inability
to produce smooth three-step sequences and ver-
bal-manual dissociation (saying “fist,” while doing
“slap”) are noted.

Response control is the ability to plan and efficiently
execute a strategy to complete a complex cognitive task.
Mental flexibility and a balance between independent
thought and use of environmental cues are required for re-
sponse control. Tasks that assess response control at the
bedside include
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TABLE 6–2. Visuoconstructive deficits
characteristic of left-hemisphere
versus right-hemisphere brain
lesions

Left-hemisphere lesions
Few lines in drawings
“Simplified” drawings with few details
Preserved symmetry of drawings
Drawing is done slowly
Drawing skill improves with practice

Right-hemisphere lesions
Complicated structure and elaborate details
Extra lines in drawings; extraneous scribbling
“Piecemeal” approach to drawing
Particular impairment of three-dimensional drawings
Left hemineglect
Drawing is done rapidly
Drawing skill does not improve with visual cues or

TABLE 6–3. Categories of executive skills

Category Executive skills
Drive Spontaneous initiation of activity

Motivation
Sustained performance

Programming Recognizing patterns
Recognizing timing sequence
Fluid output of alternating or

rhythmic patterns
Response control Divided attention

Inhibition of incorrect responses
Nonperseverative responses
Cognitive speed and fluency
Planning; ordering the steps to

accomplish a task
Mental flexibility: changing

strategies, as required
Use of memory to adjust

performance
Use of feedback to adjust

performance
Freedom from environmental

dependence: ability to resist
imitation, utilization, or
stimulus-bound behavior

Synthesis Abstraction
Similarities
Proverb interpretation

Monitoring cognitive performance
Anticipation



1. Divided attention. The patient is asked to continue
the sequence, “1-A, 2-B, 3-C, . . .”

2. Verbal fluency. The patient is asked to name as many
animals as possible in 1 minute. Alternatively, the pa-
tient is asked to name as many words as possible that
begin with the letter “F.” Initiation, strategy, and
perseveration are noted. Normal performance is at
least 12 animals or 10 “F” words in 1 minute.

3. Reciprocal programs and “go/no-go.” The patient is
asked to tap the table twice if the examiner taps the
table once and to tap once if the examiner taps twice
(reciprocal programs). The examiner then randomly
taps once or twice and notes the patient’s response.
When this task is mastered (usually after only a few
presentations), the patient is told, “Now I am going
to change the rule. If I tap once, you tap twice, but if I
tap twice, you should not tap at all” (go/no-go). The
patient’s ability to respond to the rule change and to
resist the impulse to tap is noted.

4. Multiple loops. The patient is asked to draw a set of
loop figures with the same number of loops as drawn

by the examiner. Perseveration of loop drawing is
noted, as shown in Figure 6–4.

5. Clock drawing strategy. The patient is asked to draw a
clockface. The spontaneous reproduction reveals ex-
ecutive function, as well as visuospatial ability.
Planning and organization are observed. Poor spac-
ing of clockface numbers or perseveration can occur
(Figure 6–5), as well as incorrect representations on
the clockface (Figure 6–6).

6. Stimulus boundedness. The patient is asked to draw the
hands on a clockface as they would appear when the
time is 11:10. The patient may be unable to resist
placing the hands on the stimulus numbers (11 and
10) (Figure 6–7). In another task, the examiner
writes the word “brown” in large black letters. The
patient is asked to name the color that the word is
written in. The patient may be unable to ignore the
word “brown.” Stimulus boundedness may also ap-
pear in a patient’s reproduction drawings with over-
drawing of the stimulus figure (Figure 6–2, panel B).

7. Imitation behavior. The examiner rapidly flexes and
extends her or his thumb, while pointing to it with
the other hand. The patient is asked, “What is this
finger called?” Spontaneous movement of the pa-
tient’s thumb is noted.
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FIGURE 6–3. Alternating patterns. The patient is asked to
copy the pattern (shown at the top of each example) and to
continue the pattern across the page. Panel A: The patient’s
drawing initially moves toward the stimulus and the alternat-
ing pattern deteriorates as it continues across the page.
Panel B: The patient’s drawing “closes in” on the stimulus and
is not continued after the stimulus ends. The patient, with
mild dementia and severe bifrontal hypoperfusion on SPECT
scan, was able to understand and repeat the instructions.
Panel C: Marked inability to maintain the alternating pattern.

FIGURE 6–4. Multiple loops. The patient is asked to draw
loop figures that contain the same number of loops as the ex-
amples provided by the examiner (top). The patient, who had
recently undergone resection of a left frontal astrocytoma, had
great difficulty terminating each loop figure drawn with her
right hand, which felt “out of control” (panel A). She was able
to draw the correct number of loops with her left
(nondominant) hand (panel B).



Synthesis is the ability to appreciate metaphoric
meaning, form an intellectual gestalt, and monitor cog-
nitive performance. These skills are influenced by edu-
cational background. Clinical assessment includes eval-
uation of

1. Similarities. The patient is asked to describe how a
pair of words are alike. Examples are: rabbit/ele-
phant, bicycle/train, watch/ruler.

2. Proverbs. The patient is asked to describe the mean-
ing of a proverb, such as “Don’t change horses in the
middle of a stream.” The patient’s appreciation of
the abstract meaning is noted.

3. Monitoring. The patient’s ability to learn from errors
and to self-correct while performing cognitive tasks
is observed during the examination.

Executive skills require the integrity of diffuse or
multifocal neuronal systems. Drive, programming, and re-
sponse control depend on intact function of discrete cir-
cuits that include the frontal cortex, basal ganglia,
thalamus, and connecting white matter tracts (Malloy and
Richardson 1994; Mega and Cummings 1994). These skills
are often impaired with frontal lobe damage (Grafman

1994; Mesulam 1986; Shallice and Burgess 1991; Stuss and
Benson 1986; Stuss et al. 1994), although they may occur in
patients with focal lesions or degenerative processes dis-
tant from the frontal cortex (Cripe 1996; Stuss et al. 1994;
Tranel et al. 1994).

Performance on some structured tests of executive
skills declines in psychiatrically healthy people after age 60
(Tranel et al. 1994). More extensive impairment of execu-
tive skills can result from a variety of conditions: toxic/met-
abolic disturbance, cerebrovascular disease, head trauma,
cerebral neoplasm, cerebral or systemic infection, and de-
generative brain diseases such as Alzheimer’s disease,
frontotemporal dementias, and Parkinson’s disease (Duffy
and Campbell 1994; Royall and Polk 1998). Older patients
with schizophrenia can also exhibit deficits in executive
skills (Almeida et al. 1995) (Figure 6–7). Drive, program-
ming, and response control may be particularly impaired in
older patients with dysfunction of frontal cortex, as in
Pick’s disease, frontal lobe degeneration, and some cases of
Alzheimer’s disease, or with disruption of frontal-
subcortical circuits that occurs in basal ganglia disorders
such as Parkinson’s disease or Huntington’s disease. Pa-
tients with vascular dementia as a result of cerebrovascular
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FIGURE 6–5. Poor planning and perseveration on the
clockface drawing. The patient, with moderate subcortical
dementia and parkinsonism, was asked to put numbers on the
clockface in their appropriate places. The spacing between
numbers on the patient’s drawing is not correct for 12 evenly
spaced numbers, and there is perseveration of micrographic
number writing up to 40. The patient was able to correctly
state that a clock has 12 numbers on it and was able to put all
12 numbers in correct position on a clockface (not shown),
when the examiner dictated the numbers to him one by one in
random order.

FIGURE 6–6. Intrusion on the clockface drawing. The pa-
tient’s clockface has a “12” at the top but then includes repre-
sentations of time in digital format. The intrusion of digital
time and the mismatch between time as conventionally written
and the true appearance of a clockface reflect the executive
deficit. Numbers are also incorrectly located on the clockface
and the sequence continues beyond 12:00. The patient has a
history of heavy alcohol use and moderate dementia.



disease in subcortical nuclei or white matter tracts that link
frontal cortex to other brain regions frequently demon-
strate executive deficits (Duffy and Campbell 1994; Ishii et
al. 1986).

Other Cognitive Skills

Apraxia. The term “apraxia” is used with variable
meaning. Generally, it refers to the inability of a patient
with normal elementary motor function to execute the re-
quired sequence of skilled movements to complete a com-
plex motor task (Luria 1980). In “dressing apraxia,” for ex-
ample, the coordinated sequence of movements required
to put on clothes is disrupted: the steps are out of order or
coordinated simultaneous movements do not occur. This
type of apraxia (ideational apraxia) usually reflects right pa-
rietal or bilateral diffuse brain dysfunction.

In ideomotor apraxia, the patient is unable to panto-
mime a motor task on command that can be performed
spontaneously (Geschwind 1975). Ideomotor apraxia is re-
vealed by asking the patient to briefly pantomime a motor
act that involves muscle groups of the face, trunk, or limbs.

Examples include, “Show me how you blow out a
match, . . . suck through a straw, . . . hold a baseball
bat, . . . wave good-bye, . . . brush your teeth.” Ideomotor
apraxia is an inability to smoothly perform the movement
altogether or the substitution of a part of the body for the
imitated object (e.g., substituting a finger for the tooth-
brush). Ideomotor apraxia reflects left hemisphere dys-
function or lesion of the anterior corpus callosum.

Agnosia. Patients with agnosia have intact primary
sensation and normal perception but lack the ability to rec-
ognize or associate meaning to the sensory perception. In
visual agnosia, the patient can “see” the outline, color, and
lighting of an object but is unable to recognize what the ob-
ject is or what it is used for (Benson and Greenberg 1969).
Visual agnosia occurs with bilateral lesions of visual associ-
ation cortex. Patients with prosopagnosia have normal visual
perception and do not have visual agnosia, except for im-
paired recognition of familiar faces. In environmental
agnosia, the patient can describe details of a familiar envi-
ronment, but the scene lacks any sense of familiarity
(Landis et al. 1986). In astereognosis, the patient with normal
somatosensory perception is unable to recognize an object
by tactile exploration with eyes closed (Adams et al. 1997).
Agnosia in an elderly patient is usually caused by a discrete
cortical infarction.

Syndromes of Cognitive
Impairment

Disorders of Attention

Abnormal attention is the hallmark of delirium, or acute
confusional state, which is one of the most common causes
of behavioral disturbance among hospitalized elderly (see
Chapter 19 in this volume). Poor attention is also an impor-
tant clinical feature that distinguishes delirium from de-
mentia (see Chapters 23 and 24 in this volume).

Reduced arousal occurs on a spectrum: drowsiness,
obtundation, stupor, or coma. These states occur with im-
pairment of the reticular activating system or widespread
cortical dysfunction. Conditions that cause reduced
arousal in older patients include: brainstem infarction or
compression, metabolic disturbances, drug intoxication,
bilateral cortical infarction, brain infection, and head
trauma. Increased arousal with anxiety, hypervigilance, and
signs of autonomic activation can occur with drug intoxica-
tion (stimulants), drug withdrawal (alcohol, benzodiaz-
epine, opioid, or barbiturate), or metabolic disturbances.

Akinetic mutism and catatonia resemble the syndrome
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FIGURE 6–7. Stimulus boundedness. The patient is asked
to put the hands on the clock as they would appear when the
time is 11:10. Panel A: The hands are placed on the “11” and
the “10,” as the patient is unable to resist the stimulus num-
bers. This example was drawn by a 73-year-old man with
schizophrenia, who showed no evidence of memory, language,
calculation, or visuospatial deficits. Other executive skills were
intact; he was able to correctly identify the letter that follows
the “D” in the sequence of letters shown in panel B.



of reduced arousal. Patients with akinetic mutism appear
alert and may follow stimuli with their eyes. However,
spontaneous movement and speech are rare and tend to oc-
cur in brief episodes in response to vigorous stimulation
(Benson 1990; Mega and Cummings 1994; Plum and
Posner 1982). Akinetic mutism is caused by lesions of the
midbrain, bilateral cingulate gyri, or septal area. Patients
with catatonia can present with a variety of motor signs and
alterations of attention, including reduced response to
stimuli, mutism, posturing, waxy flexibility, and repetitive
stereotypic movements (Taylor 1990). Catatonia may oc-
cur in patients with schizophrenia, mood disorders, diffuse
neurological illness, or metabolic disorders. Focal brain le-
sions can also cause catatonia. Lesions of the frontal lobes
or subcortical structures are most often implicated.

Unilateral neglect is a syndrome of inattention to half
the body or half the external space. In sensory neglect, sen-
sory input from one hemispace is neglected or extin-
guished. Sensory neglect can occur in a single sensory mo-
dality (e.g., somatosensory, visual) or can be multimodal. In
motor neglect, movement in or toward one hemispace is
reduced. Neglect of the left hemispace occurs more fre-
quently than neglect of the right hemispace. The extent of
neglect does not depend on the extent of primary sensory
or motor impairment. With either sensory or motor ne-
glect, the patient is strikingly unaware of the neglected
half-space. Sensory neglect usually occurs with right pari-
etal dysfunction, and motor neglect can occur with frontal
lesions, although the neuroanatomic specificity of the sen-
sory versus motor components of neglect syndromes is
limited (Mesulam 1985).

Patients with normal arousal but poor concentration ap-
pear awake and alert, but they are easily distracted and have
difficulty focusing on cognitive tasks. Poor concentration
can result from dysfunction of the brainstem, midbrain,
limbic system, or diffuse cortical systems that modulate
and focus mental activity. Poor concentration can occur ei-
ther with metabolic, toxic, or infectious conditions that af-
fect brain function diffusely or with bilateral cortical le-
sions, as in head trauma or bilateral infarction. The
prefrontal cortex and anterior cingulate appear to play im-
portant roles in modulating concentration (Knight 1991;
Stuss et al. 1995). Older patients with primary psychiatric
disorders such as schizophrenia, mania, major depression,
and dissociative states may also have reduced ability to con-
centrate.

Memory Disorders

Amnesia is the inability to learn new information. Patients
with amnesia are often able to recall information that was

learned before the onset of the memory disorder.
Anterograde amnesia is the inability to learn during the time
that begins with cerebral insult and extends forward in
time. Retrograde amnesia refers to the lack of recall for
events that occurred during the period preceding the cere-
bral insult. Amnesia occurs with bilateral damage to the
medial temporal lobes or midline limbic structures. Condi-
tions that cause amnesia in the elderly include dementia,
head trauma, posterior cerebral artery occlusion, anoxia,
neoplasms involving midline limbic structures, herpes en-
cephalitis, and Korsakoff’s syndrome. Many of these con-
ditions cause cognitive deficits in addition to amnesia, al-
though those affecting only medial temporal or midline
limbic structures, such as Korsakoff’s syndrome, may re-
sult in isolated memory impairment. With stable neuro-
logical lesions, anterograde amnesia can improve over time
and there can be concomitant shrinkage of the period of
retrograde amnesia.

Age-associated memory impairment is the term ap-
plied to subtle alterations in recent memory that occur with
normal aging (see Chapter 8 in this volume). The elderly
often describe a subjective sense of poor memory, may re-
quire more trials to learn a word list, and may be less effi-
cient in memory retrieval.

Memory impairment along with other cognitive defi-
cits occurs in patients with dementia. Patients with Alzhei-
mer’s disease have difficulty learning new information
(anterograde amnesia) as well as difficulty recalling infor-
mation that was learned before onset of the dementia. The
recall deficit is a result of widespread impairment of diffuse
cortical systems that are required for continued storage and
recall of memory and may be mild in the early stage of ill-
ness. In frontotemporal dementias including Pick’s disease,
memory impairment often occurs after the onset of behav-
ioral changes, whereas in Alzheimer’s disease, memory or
language impairment is often the first indication of ill-
ness. In subcortical dementias, such as those associated
with Parkinson’s disease or Huntington’s disease, mem-
ory impairment usually occurs early in the course of de-
mentia, as in Alzheimer’s disease. However, the memory
impairment of subcortical dementia is characterized by
improvement in recall when clues are given, spared rec-
ognition memory, and relatively spared declarative
memory (facts, knowledge) compared with procedural
memory (acquisition of motor skills or cognitive strate-
gies) (Huber and Shuttleworth 1990; Tranel and
Damasio 1995). The memory impairment of patients
with Alzheimer’s disease does not markedly improve
when clues are given and deficits in declarative memory
are greater than deficits in procedural memory (Cum-
mings and Benson 1992).
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Aphasia

Syndromes of aphasia are distinguished by the pattern of
specific language skills that are impaired: fluency, compre-
hension, repetition, or naming (Cummings 1985;
Goodglass and Kaplan 1983). The principal aphasia syn-
dromes, the specific language skills that are impaired in
each syndrome, and the region of the brain involved are
shown in Table 6–4. The disorders of language provide rel-
atively sensitive and specific indications of regional brain
dysfunction.

Among elderly patients with language impairment and
no other cognitive deficits, the aphasia syndromes usually
occur as a result of infarction, hemorrhage, or tumor that af-
fects the brain regions identified in Table 6–4. Occlusion of
the left middle cerebral artery causes global aphasia and
right hemiparesis, if the occlusion disrupts perfusion of a
wide area of the left hemisphere. If the occlusion is more
distal, Broca’s aphasia, conduction aphasia, or Wernicke’s
aphasia may occur, depending on the vascular territory that
is compromised. Border zone infarctions, resulting from
anoxia, hypotension, or carotid stenosis, affect the water-
shed regions between the vascular territories served by the
anterior, middle, and posterior cerebral arteries and
produce transcortical motor or transcortical sensory
aphasia.

Elderly patients with dementia often have aphasia
along with other cognitive deficits. The involvement of
language skills depends on the distribution of brain lesions
that cause the dementia. In Alzheimer’s disease, a character-
istic pattern of language disturbance occurs. Very early in
the illness, word-finding difficulty and mild anomia are
usually present. Subsequently, “empty speech” (language
output that contains little information), mild comprehen-
sion deficit, and reduced fluency (e.g., measured as number
of animals named per minute) occur. Paraphasias may be
apparent in spontaneous speech. Elements of transcortical
sensory aphasia occur during the course of Alzheimer’s
disease, reflecting the concentration of neuropathological
changes of Alzheimer’s disease in the inferior parietal lobe.

In vascular dementia, speech abnormalities are more
common than in Alzheimer’s disease (Sultzer et al. 1993).
Language disturbance also occurs. The characteristics of
language impairment depend on the brain regions affected
by cerebrovascular disease. In general, patients with vascu-
lar dementia are more likely to have nonfluent aphasia than
are patients with Alzheimer’s disease and less likely to have
naming impairments (Cummings and Mahler 1991).
Marked impairment of language does not occur in patients
with dementia associated with subcortical extrapyramidal
disorders (Huber and Shuttleworth 1990).
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Frontal Lobe Disorders

The frontal lobe disorders are particularly important in
neuropsychiatric evaluation of the elderly because the
brain lesions that are responsible are often not detected by
the traditional neurological examination and the psychiat-
ric symptoms that occur do not usually fit the characteristic
pattern of common psychiatric disorders. Patients with
frontal lobe disorders often present with unusual combina-
tions of cognitive, psychiatric, and behavioral symptoms.
Neuropsychiatric symptoms that occur in each of the three
principal frontal lobe syndromes and those symptoms that
are not well localized to specific frontal subregions are
shown in Table 6–5 (Malloy and Richardson 1994; Mega
and Cummings 1994; Salloway 1994; Stuss and Benson
1986). Symptoms may occur with a lesion in specific re-
gions of the frontal cortex or in linked cortical or
subcortical structures. Lesions in subcortical nuclei or
white matter tracts may have marked effects on frontal
function (Sultzer et al. 1995a). The relationship between
anatomy and symptomatology is incomplete: patients with
extensive frontal dysfunction may not manifest the full
spectrum of “frontal” symptoms, and these symptoms may
occur following lesions outside the frontal circuits.

The medial frontal syndrome is primarily a disturbance
of motivation and includes a range of symptoms from mild
disinterest to akinetic mutism (Stuss and Benson 1986).
Aspontaneity, blunted affect, and reduced spontaneous
movement may occur. The syndrome occurs with lesions
of the anterior cingulate gyrus, ventral striatum, medial
dorsal thalamus, or tracts that connect these structures.
More severe symptoms usually occur with bilateral lesions.
Conditions that cause the medial frontal syndrome in the
elderly include anterior cerebral artery occlusion, thalamic
infarction, hydrocephalus, and tumors of the diencephalon
or third ventricle.

Lesions of the dorsolateral frontal convexity produce a
syndrome of disorganized cognitive performance (Fuster
1997; Malloy and Richardson 1994). Executive dysfunc-
tion often appears on the mental status examination, in-
cluding perseveration (e.g., extra loops on the multiple
loops, intrusion of a prior response in a new task), impaired
motor programming, stimulus-bound behavior, difficulty
with alternating programs or changing mental set, or re-
duced verbal or design fluency. Dorsolateral frontal con-
vexity insults include head trauma, frontal infarction, fron-
tal lobe tumor, and degenerative dementias, particularly
those that preferentially affect frontal structures. Lesion of
the dorsolateral caudate nucleus may produce a similar pat-
tern of executive deficits.

The orbitofrontal syndrome occurs with lesions of the

inferior aspect of the frontal lobe. This region of the frontal
lobe is intimately associated with the limbic system, and
dysfunction often appears as a striking change of personal-
ity (Duffy and Campbell 1994). Disinhibition and aggres-
sion are common, and patients may show a marked inability
to conform behavior to social customs (Salloway 1994).
Mood is often expansive or irritable, affect is labile, and im-
pulsive outbursts of jocularity can occur. When lesions are
confined to the orbitofrontal cortex, there may be no for-
mal neurological deficits or other cognitive deficits.
Orbitofrontal damage occurs with head trauma, inferior

Mental Status Examination 137

TABLE 6–5. Neuropsychiatric symptoms that
occur with lesions of the frontal lobe
or related subcortical structures

Site of lesion Symptoms
Medial frontal Low motivation

Blunted affect
Motor retardation
Reduced verbal output
Grasp reflex

Dorsolateral frontal
convexity

Poor selective attention
Deficits in working memory
Perseveration
Excessive stimulus dependence
Impaired motor programming
Motor impersistence
Reduced verbal or design

fluency

Orbitofrontal Disinhibition
Failure to appreciate social

customs
Childlike jocularity
Labile affect
Expansive mood
Irritability
Lack of empathy

Heterogeneous frontal
cortical regions

Apathy
Impulsivity
Poor directed attention
Poor sustained attention
Difficulty with temporal

sequencing
Inability to change rules



frontal meningiomas, rupture of anterior cerebral artery
aneurysms, and frontal dementias.

Screening for Cognitive Impairment

My focus in this chapter is on comprehensive cognitive as-
sessment, but some clinical settings may not be ideally
structured to complete a thorough evaluation. Detection
rate for dementia in some care settings is low (Callahan et
al. 1995; Eefsting et al. 1996). Screening can improve case
detection and is most important when the prevalence of
cases in the clinic population is high.

Efficient screening can be accomplished by asking
questions related to cognitive decline in the patient’s his-
tory or by very brief mental status testing. A complaint of
cognitive difficulty may emerge spontaneously or the clini-
cian can ask if the patient has difficulty learning new infor-
mation, handling complex tasks, finding his or her way, or
using words correctly. Functional abilities can be rapidly
assessed using tools such as the Functional Activities Ques-
tionnaire (Pfeffer et al. 1982), which has good discriminant
ability (Costa et al. 1996). Brief tests such as the Blessed
Orientation-Memory-Concentration Test (Katzman et al.
1983) can quickly measure a patient’s overall cognitive abil-
ities and are described in the next section of this chapter.
Screening techniques will not reveal all cases with cogni-
tive impairment, particularly when deficits are mild, and do
not substitute for a complete assessment, but they can facil-
itate recognition of cases that might otherwise be missed.
When screening reveals possible impairment, the patient
should undergo more thorough diagnostic assessment to
determine the extent and etiology of cognitive deficits.

Rating Scales for
Cognitive Assessment

Rating scales can be used to screen for cognitive impair-
ment, provide a framework for more thorough clinical as-
sessment, or quantify the results of a mental status exami-
nation. Measurement of cognitive deficits allows the
clinician to identify changes over time or to determine the
response to treatment. Structured assessment also facili-
tates reliable communication among clinicians.

Many different rating scales are available, and reviews
of their use have been published (Camicioli and Wild 1997;
Kluger and Ferris 1991; Raskin and Niederehe 1988; Siu
1991; Weiner et al. 1996). Rating scales differ in the time
required for administration and the spectrum of symptoms

assessed (cognition, functional skills, psychiatric symp-
toms, behavior disturbance). Some scales are screening in-
struments; others are more comprehensive. Some scales
provide subscores for individual cognitive domains,
whereas others generate only an overall score. Each rating
scale accomplishes a different clinical goal:

1. Blessed Orientation-Memory-Concentration Test, a
six-item screening instrument that assesses concen-
tration and memory (Katzman et al. 1983). Sensitiv-
ity, specificity, and diagnostic value of this brief
instrument are acceptable and comparable to those
of longer instruments (Stuss et al. 1996).

2. Short Test of Mental Status, a brief screening instru-
ment (Kokmen et al. 1987). The eight items assess
attention, orientation, memory, calculation, and
visuoconstructive skill. Sensitivity has been shown to
be acceptable.

3. Mini-Mental State Examination (MMSE), a 30-item
instrument that is widely used to screen for cognitive
impairment and to assess the severity of impairment
(Folstein et al. 1975). The examination takes about
10 minutes and provides a reliable overall cognitive
score. Sensitivity for mild impairment is limited
(Tombaugh and McIntyre 1992), and older individu-
als with low “normal” scores are at high risk for de-
veloping dementia over subsequent years (Braekhus
et al. 1995). Age and educational level must be con-
sidered in interpreting the MMSE score (Crum et al.
1993).

4. Neurobehavioral Cognitive Status Examination, which
assesses attention, memory, calculation, visuo-
constructive skills, language, and abstraction. A
subscore for each of these cognitive domains is gen-
erated (Kiernan et al. 1987). The examination re-
quires specific testing materials and takes about 20
minutes to complete with an impaired patient.

5. Mattis Dementia Rating Scale, which assesses a wider
range of cognitive skills, including executive abilities
(Mattis 1976). The instrument requires about 30–45
minutes to complete with an impaired patient. It
provides an overall cognitive score, with a maximum
of 144 points.

6. Neurobehavioral Rating Scale, a 28-item instrument
that measures psychiatric and behavioral distur-
bances, in addition to cognitive impairment (Levin
et al. 1987). The evaluation takes about 40 minutes
to complete. The instrument provides six factor
scores that measure the cognitive and noncognitive
symptoms (Sultzer et al. 1992); reliability and valid-
ity are acceptable (Sultzer et al. 1995b).
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7. Global Deterioration Scale, a seven-point scale that
measures the overall severity of dementia (Reisberg
et al. 1988). Cognitive deficits, psychiatric symp-
toms, and functional impairment are all considered
by the clinician in assigning the global severity score.

8. Executive Interview, a brief measure of executive skills
(Royall et al. 1992). Measures of executive skills may
help to clarify diagnosis (Royall and Polk 1998) and
suggest risk for impairment in activities of daily liv-
ing or behavioral disturbance (Chen et al. 1998).

Functional Assessment

The ability to accomplish functional activities at home is
important information that complements the assessment
of cognitive skills in the mental status examination. Re-
duced functional skills can be a sensitive indicator of de-
mentia (Barberger-Gateau et al. 1992; Costa et al. 1996).
Functional assessment also reveals the impact of medical
problems and cognitive deficits on living skills and indi-
cates the need for assistance with activities, which are both
of prime importance to the patient and family.

At least a brief review of functional skills should be in-
cluded in the assessment of each geriatric patient, and
whether the patient currently drives a car should be noted.
Two groups of activities are considered in functional as-
sessment: physical activities of daily living (ADLs) and in-
strumental activities of daily living (IADLs) (Lawton and
Brody 1969). Physical ADLs include the basic skills re-
quired for self-maintenance: dressing, bathing, toileting,
transferring, and feeding. IADLs include more complex
skills required for independent living: shopping, cooking,
housekeeping, laundry, using the telephone, using trans-
portation, managing money, and managing medications.
An observer determines whether the patient is independ-
ently able to perform each of these activities. Rating scales
such as the IADL Scale (Lawton 1988) or the Functional
Activities Questionnaire (Pfeffer et al. 1982) can be used to
improve the reliability of functional assessment or to
screen for cognitive disorders.

Summary

The mental status examination is a fundamental part of the
neuropsychiatric assessment of older patients. The exami-
nation focuses on cognitive abilities, which include percep-
tion, “thinking,” intellect, and problem-solving skills. Sev-
eral cognitive domains are explored: attention, memory,
language, visuospatial skills, calculation, praxis, and execu-

tive skills. The extent of cognitive assessment depends on
the particular clinical circumstances and the goals of the
evaluation; at least a screening evaluation is recommended
for all geriatric patients. Rating scales can be used to help
screen for cognitive impairment or to quantify the extent of
impairment in patients with known deficits.

The pattern of deficits is used to identify syndromes of
cognitive impairment, such as delirium, other disorders of
attention, dementia, aphasia, amnesia, and frontal lobe dis-
orders. The results of the mental status examination can
also reveal the contribution of regional brain dysfunction
to the expression of psychiatric symptoms in older patients.
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7
Neuropsychological

Assessment

Kenneth Podell, Ph.D.

Mark R. Lovell, Ph.D.

The neuropsychological evaluation of
older adults has become increasingly

important over the past decade and is often a standard
component of the neuropsychiatric evaluation. Neuro-
psychological assessment can be considered a more
in-depth extension and quantification of the mental status
examination (see Chapter 6 in this volume) and, as such,
is focused on the psychometric assessment of cognitive
processes. A thorough neuropsychological evaluation can
add much to the clinical diagnostic process and can com-
plement information gathered through electrophysio-
logical, neuroanatomical, and functional neuroimaging
technologies (see Chapters 9–11 in this volume).

In this chapter, we review the applications of
neuropsychological assessment to geriatric patients and
discuss relevant issues regarding the establishment of ap-
propriate normative databases for this population. The se-
lection and use of neuropsychological tests, the interpreta-
tion of test results, and the use of these results in the
treatment planning process are specifically discussed. We
also discuss the use of traditional fixed neuropsychological

test batteries and contrast them with more flexible ap-
proaches to the assessment of elderly patients.

Goals of the Geriatric
Neuropsychological Evaluation

Neuropsychological test results are used in various ways
depending on the training of the neuropsychologist, the
setting, the referral question, and the treatment program.
However, despite differing approaches to assessment, the
three primary goals of neuropsychological assessment are
generally the same: 1) to establish an individual’s cognitive
and behavioral strengths and weaknesses, 2) to interpret
findings from a diagnostic viewpoint (e.g., differential
diagnosis such as depression versus dementia or age-
appropriate cognitive decline versus dementia), and 3) to
extrapolate treatment and rehabilitation recommenda-
tions from the neuropsychological assessment findings (La
Rue 1992). In addition to providing specific information
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that may be useful in differential diagnosis and the localiza-
tion of brain dysfunction, the neuropsychological evalua-
tion is relatively unique among neurodiagnostic tech-
niques in its ability to document the functional capabilities
of geriatric patients. This aspect of neuropsychological as-
sessment has become increasingly important as a greater
number of individuals are living well into their eighth de-
cade or beyond. Clinicians are routinely faced with deci-
sions regarding their patients’ ability to live alone, operate
an automobile, make competent decisions about health
care, and manage their financial affairs.

Methodological Issues in
Geriatric Neuropsychology

The aging process is accompanied by subtle declines in
specific domains of cognitive functioning (Albert 1981;
Kaszniak 1987; Wilson et al. 1997), with motor speed,
speed of cognitive processing, and mental flexibility most
affected (La Rue 1992). This decline is a function of the
synergistic effects of the “normal aging process” in combi-
nation with the multitude of medical and psychosocial vari-
ables that affect the cognition of elderly individuals. The
concept of “normal aging,” particularly as it pertains to
memory decline in older adults, is an extremely important
issue and is discussed more thoroughly in Chapter 8 in this
volume. However, a brief discussion of how this issue has
affected the clinical neuropsychological evaluation of the
geriatric patient is germane to the current chapter.

The clinical neuropsychological evaluation is highly
dependent on appropriate comparison groups that allow
the cognitive dysfunction related to pathological processes
to be separated from the decline secondary to the normal
aging process. The normative sample provides the basis for
this comparison of individual patient performance to es-
tablished standards for a given age group and is an impor-
tant prerequisite to the assessment process. However, to
date, the usefulness of neuropsychological testing with
older adults has been limited by a relative dearth of norma-
tive data. The development of valid normative data for ge-
riatric patients continues to be a major challenge for geriat-
ric neuropsychology, particularly with regard to the
psychometric assessment of patients over the age of 75
years. This is particularly pertinent for urban geriatric pa-
tients, in which case demographic characteristics have a
significant impact on normative values. The evidence is
starting to show that age, education, literacy, and ethnicity
affect performance in various cognitive domains differen-
tially. This issue is starting to be addressed with normative

data being collected on urban- and rural-dwelling patients
of varying ethnic origins, educational backgrounds, and lit-
eracy levels (Hohl et al. 1999; Lichtenberg et al. 1998;
Manly et al. 1999; Marcopulos et al. 1997; Strick et al.
1998).

Substantial limitations still exist in age-based norma-
tive data, with limited heterogeneity of education and
health variables among normative samples (La Rue 1992)
as well as poor reliability, validity, and normative data rele-
vant to “old-old” patient groups (i.e., those 75 or older)
(Kaszniak 1989). This lack of an adequate normative base
has at times fostered a reliance on norms obtained on youn-
ger subject groups—a practice that can lead to an
overdiagnosis of pathological cognitive impairment in ge-
riatric patients.

In the absence of age-appropriate and current norma-
tive data, some clinicians have tended to rely on data that
were collected many years earlier and from samples of geri-
atric subjects who may have differed significantly from the
individual patient whose performance is being evaluated.
Given generational differences in the availability of medi-
cal treatment, education, nutrition, and a host of other fac-
tors that can influence performance on neuropsycho-
logical tests, it is risky to compare the test performance of
an elderly patient in the 1990s to normative data gathered
during the 1970s or before. This cohort effect (Schaie and
Schaie 1977) limits the usefulness of previously established
normative data to current samples of patients.

One additional problem with using age-appropriate
normative data in a geriatric population is making sure that
the normative data, even if they have large sample sizes
with appropriate age and education ranges, have adequate
psychometric properties. This becomes extremely prob-
lematic on more difficult tests of memory and executive
control, which are particularly important cognitive do-
mains in assessing geriatric populations. For example, nor-
mative data are available for performance on the Wisconsin
Card Sorting Test (WCST) extending through the eighth
decade (Heaton et al. 1993). The WCST, a difficult test
even for younger, more educated individuals, is extremely
difficult for older, less educated patients. Because of this,
the potential for a significant floor effect is very real. Even
some seasoned neuropsychologists tend to ignore this
problem. It has very real implications in terms of test inter-
pretation and translation to “real world” activities or eco-
logical validity. We believe that not only does one need to
ensure adequate norming in terms of demographic vari-
ables, but that the test must accurately reflect the range of
abilities in the age group and must also have appropriate
psychometric properties (e.g., minimizing ceiling or floor
effects).
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In neuropsychology, because we often do not have
predisease or baseline data on patients, we tend to use level
of education (among other variables) as a marker of
premorbid cognitive abilities. We use this to compare cur-
rent performance to determine if there has been a mean-
ingful decline. However, level of education for geriatric pa-
tients most likely does not have the same meaning as the
educational level of someone in their 30s, for example. It
has been our experience that level of education, unless very
high or very low, may not have the same predictive abilities
as we assume with a younger population. Therefore, in our
clinic, to help predict life-long cognitive abilities, we also
rely upon measures considered highly resilient to any type
of central nervous system dysfunction. One such measure
is single-word reading recognition and vocabulary skills
(Bayles et al. 1985).

Yet another methodological issue that has affected the
neuropsychological evaluation of elderly patients has been
differing definitions of what constitutes the expected cog-
nitive pattern of “normal aging.” For example, some re-
searchers have distinguished between usual aging, in which
the effects of the aging process are influenced by extrinsic
factors such as nutrition and psychosocial factors, and suc-
cessful aging, in which these factors play a neutral or positive
role (Rowe and Kahn 1987). Still others have studied un-
usually healthy groups of geriatric subjects, documenting
cognitive functioning in patients who are uncharacteristi-
cally free of the medical problems that often afflict the el-
derly (MacInnes et al. 1983). Obviously, the comparison of
a patient’s performance to norms gathered from these dis-
parate samples could lead to markedly different conclu-
sions regarding pathological cognitive decline in a given
patient. Comparison of the typical elderly patient with
norms derived from a sample of unusually healthy individ-
uals may result in an overdiagnosis of pathological cogni-
tive dysfunction (Albert 1981).

Despite past limitations in the development of norma-
tive data on cognitive functioning in geriatric patients,
there has been significant improvement in the develop-
ment of neuropsychological tests that provide geriatric
norms. For example, the Wechsler Memory Scale—Re-
vised (WMS-R) (Wechsler 1987) and the Wechsler Adult
Intelligence Scale—Revised (WAIS-R) (Wechsler 1981),
two of the most popular tests used by neuropsychologists,
have supporting normative data through age 74. Even
more recently, these norms have been augmented by data
specific to the old-old population that provide information
on normal subjects into their ninth decade (Ivnik et al.
1992). And now with the introduction of WAIS-III and
WMS-III (Wechsler 1997a, 1997b), normative data on the
same tests have been collected on updated samples through

the eighth decade. Along similar lines, demographic cor-
rections have been developed for the Halstead-Reitan
Neuropsychological Battery (HRNB) (Heaton et al. 1991),
and the normative data for the Hopkins Verbal Learning
Test has been updated (Benedict et al. 1998), whereas oth-
ers have renormed existing tests (Hohl et al. 1999;
Lichtenberg et al. 1998; Manly et al. 1999). Relatively new
cognitive screening instruments have also included
older-age normative data that permit appropriate global
mental status examinations in the elderly (Osato et al.
1989).

Medication side effects on cognitive abilities is another
factor that is sometimes underappreciated and not taken
into account both in terms of neuropsychological assess-
ment and treatment. Commonly prescribed medications,
such as cimetidine, can produce alterations in cognition.
Similarly, the use of anticholinergic and antidopaminergic
medications must be taken into consideration because of
their known deleterious effects on memory (Drachman
and Leavitt 1974) and executive control skills, respectively
(see Fuster 1989).

Finally, a distinction between age-appropriate cogni-
tive abilities, as defined by performance relative to norma-
tive data, and functional abilities needed for the individual’s
given situation must be clearly defined and addressed in a
neuropsychological evaluation. What may be age-appro-
priate cognitive functioning (e.g., for an 85-year-old indi-
vidual), may not be sufficient for the level of independent
functioning required in the individual’s living situation.
For example, the same individual may be cognitively intact
enough relative to age-appropriate normative data to re-
turn to live in an assistive living apartment building where
she or he has some increased supervision, but may not be
cognitively intact enough to live alone and be independ-
ently responsible for instrumental activities of daily living
and medical management.

Neuropsychological
Evaluation Process

The neuropsychological assessment is a complex process
requiring the integration of knowledge from several differ-
ent areas of medicine (including neurology, psychiatry,
neurobiology), clinical psychology and aging, psycho-
metrics, and, of course, neuropsychology and aging
(Kaszniak 1989). The evaluation typically consists of
a clinical interview, test selection, scoring and interpreta-
tion of test results (e.g., functional level, brain systems
involved, and possible etiologies), diagnosis, and treatment
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and rehabilitation recommendations.
The primary goal of the clinical interview should be to

develop hypotheses regarding the patient’s overall cogni-
tive status, current problems and symptoms, and his or her
capacity to engage in further neuropsychological evalua-
tion. In addition, the clinical interview provides an oppor-
tunity for the examiner to develop rapport with the patient,
explain the nature of the evaluation, and answer any of the
patient’s questions, which may help to alleviate initial
anxiety.

Sometimes the elderly patient is not capable of giving a
precise and thorough history. Thus, in our clinic we re-
quest that a significant other accompany the patient. After
obtaining permission from the patient, we routinely inter-
view the significant other or a relative to verify and/or ob-
tain appropriate history. The significant other is asked to
complete the Geriatric Evaluation by Relative’s Rating In-
strument (GERRI; Schwartz 1983). A questionnaire rating
the patient’s functional abilities in the realms of cognition,
mood, and social abilities. A thorough interview should
yield relevant demographic background information (e.g.,
age, education, occupational history, and handedness), a
review of medical and psychiatric history (including past
and present medication use), substance use or abuse, famil-
ial (both medical and psychiatric) and developmental in-
formation, current living situation, and support network.
We also do a complete review of sensory and motor sys-
tems; homeostasis; and changes in cognition and affect,
emphasizing recent changes in language, memory, think-
ing, and affect; any recent stressors (e.g., death of a spouse
or loss of driving license); information pertaining to activ-
ity level and hobbies; motivation; and the patient’s under-
standing of why he or she was referred for neuro-
psychological evaluation.

Through the clinical interview and direct interaction
with the patient, the neuropsychologist gathers important
qualitative information regarding cognitive functioning.
This includes a general sense of the patient’s orientation,
attentional capacity, motivation, awareness of impairment,
willingness to engage in neuropsychological testing, and
social appropriateness. Integrity of gross language and mo-
tor function, memory capacity, and stamina should also be
assessed. The older patient may have limitations that affect
his or her performance during the neuropsychological
evaluation, including reduced vision and hearing and the
effects of overmedication (Goreczny and Nussbaum 1994;
Russell 1984). As a result of these factors, the questions may
need to be repeated and presented louder and at a slower
rate.

Similarly, the method of test administration must
sometimes be altered to conform to the patient’s sensorial

limitations. For example, a subject with poor hearing but
intact vision may have to read a word list presented on cue
cards rather than listen to the list presented auditorily. This
clearly violates standard administration. However, it al-
lows for a “qualitative” analysis and can yield useful infor-
mation for an experienced neuropsychologist. In addition,
the patient should be encouraged to continue working on
tasks even after specified time limits have been reached.
This testing-the-limits approach can help to establish the
patient’s capacity to perform a cognitive task when motor
abnormalities (e.g., as in Parkinson’s disease) and sensory
deficits might limit her or his ability to complete the testing
within specified time boundaries.

The administration of neuropsychological tests usu-
ally begins directly after the clinical interview. Selection of
tests should be based on the following five factors: 1) the re-
ferral question, 2) level of functioning of the patient as as-
certained during the clinical interview, 3) hypotheses re-
garding the differential diagnosis, 4) physical limitations of
the patient, and 5) the need to document cognitive defi-
ciencies and relative strengths. The latter point has rele-
vance to the patient’s ability to function in everyday life.

The selection of tests may differ based on individual
patient needs. For example, older patients with severe cog-
nitive or medical disturbances may lack the stamina or
attentional capacity to undergo an intensive neuropsy-
chological evaluation. For these patients, the selection of
tests that tap specific domains of cognitive functioning in
combination with the use of a more broad-based screening
instrument may be the most useful approach. In contrast, a
patient with relatively preserved cognitive abilities and
without serious medical complications may be engaged in a
more thorough cognitive assessment involving the
in-depth assessment of multiple domains of neuropsycho-
logical functioning (Russell 1984). Regardless of the esti-
mated level of cognitive functioning or the hypothesized
nature of the cognitive impairment, we recommend the use
of a brief cognitive screen as part of the interview process
with the older patient. This permits not only an initial as-
sessment of the patient’s general cognitive capacity, but
also provides direction for the selection of instruments to
be used in the neuropsychological evaluation. The use of
cognitive screening instruments within the more general
context of the neuropsychological evaluation also pro-
motes the comparison of test results across different testing
sessions, even when the patient has deteriorated to a degree
that precludes a more comprehensive evaluation (for a dis-
cussion of representative screening instruments and rating
scales, see Chapter 6 in this volume).

Although brief screening instruments are extremely
useful in detecting (i.e., diagnosing) the presence dementia
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(Stuss et al. 1996), they do not provide information regard-
ing functional abilities, placement and competency issues,
or recommendations. These limitations should be consid-
ered when interpreting results based solely upon a brief
screening instrument.

Various demographic variables can influence perfor-
mance scores on brief screening instruments. For example,
advanced age and lower education can produce an overesti-
mate of cognitive impairments on the Mini-Mental State
Exam (Malloy et al. 1997; Naugle and Kawczak 1989).
Some have taken the step of renorming some of the existing
screening tests to take age and education into account (e.g.,
Dementia Rating Scale; Lucas et al. 1998) to obtain better
sensitivity (van Gorp et al. 1999). Others continue to de-
velop new, highly focused, very brief screening instru-
ments for memory loss in dementia (e.g., Memory Impair-
ment Screen; Buschke et al. 1999). Moreover, others have
found that brief screening instruments can be somewhat
insensitive to mild forms of dementia (particularly the
memory component), thus increasing Type II errors (false
negatives) (Benedict and Brandt 1992; Pfeffer et al. 1981).
Other screening instruments, such as the Neurobehavioral
Cognitive Status Examination, or Cognistat (Kiernan et al.
1987), offer better delineation of the patient’s cognitive
deficits, but may not offer good discrimination for demen-
tia type (van Gorp et al. 1999). Depending on the history
and referral question, the use of a brief cognitive screening
instrument to solely determine the need for further testing
may cause an inaccurate assessment in either direction.

Approaches to the
Neuropsychological
Evaluation of Geriatric Patients

As a discipline, clinical neuropsychology is generally con-
cerned with the study of brain-behavior relationships.
However, clinical approaches to the assessment of these re-
lationships vary widely (Kane 1991). Currently well-
accepted strategies for neuropsychological assessment in-
clude the use of fixed batteries of neuropsychological tests,
flexible evaluation strategies, and use of a combination of
both of these approaches. It appears now, with the need to
better define cognitive and behavioral deficits and changes
associated with different dementia types, that ap-
propriately choosing tests to suit the individual assessment
may be the most productive method (Benton 1985; Costa
1983). In this section, we review the application of these
different approaches with adults 65 years old or older
(see Lezak 1995 and Russell 1998 for more detailed

discussions on using fixed versus flexible battery ap-
proaches).

Fixed Test Battery Approaches

In a fixed battery approach, the same test instruments or
tests are administered to every patient in a standard manner
regardless of the patient’s presenting illness or referral
question (Kane 1991; Kaszniak 1989). The two most popu-
lar neuropsychological batteries are currently the HRNB
and the Luria-Nebraska Neuropsychological Battery (see
Incagnoli et al. 1986; Lezak 1995). Advantages of the fixed
battery approach to neuropsychological assessment in-
clude that it provides a comprehensive assessment of multi-
ple cognitive domains and, because of its standardized for-
mat, that the test data can be incorporated into databases
for clinical and scientific analysis. Disadvantages of the
fixed battery approach include time and labor intensive-
ness and a lack of flexibility in different clinical situations.

Use of fixed test batteries with geriatric pa-
tients. A large literature exists on the psychometric
properties of fixed batteries such as the HRNB (Anthony et
al. 1980; Heaton and Pendleton 1981; Kane 1991; Parsons
1986; Reitan 1976; Reitan and Davison 1974; Reitan and
Wolfson 1985) and the Luria-Nebraska Neuropsy-
chological Battery (Golden and Maruish 1986; Golden et
al. 1980; Kane 1991; Purisch and Sbordone 1986). How-
ever, relatively little empirical research exists regarding the
psychometric properties of flexible or fixed battery ap-
proaches with the elderly population (Kaszniak 1989).

Halstead-Reitan Neuropsychological Battery.
The HRNB represents one of the most popular battery ap-
proaches to neuropsychological assessment (Table 7–1).
This battery measures cognitive functioning across a num-
ber of cognitive domains but is often too difficult for el-
derly individuals with more than mild cognitive impair-
ment. Despite its widespread use in nongeriatric patients,
the use of this battery with the elderly (as well as with youn-
ger patients) has been criticized (Fastenau and Adams
1996). Several studies have established age and education
as important moderator variables for several of the battery’s
subtests (Heaton et al. 1986, 1991). Older or more poorly
educated subjects were misclassified on the HRNB Impair-
ment Index (a summary score based on seven different
measures) as having brain damage more often than two
other matched groups. Finally, the sample sizes for individ-
ual groups were not given in the published normative data,
and evidence suggests that some of the normative groups
had very few subjects in them (Fastenau and Adams 1996)
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and that use of a regression model produced a higher rate of
missed diagnoses (Fastenau 1998).

The principal concerns with reliance on the HRNB in
assessment of older adults are 1) the HRNB may overesti-
mate brain impairment in otherwise nonneurologically
impaired older adults; 2) the amount of time and effort re-
quired to complete the HRNB may be inappropriate for el-
derly patients who are prone to fatigue easily; 3) the HRNB
may not adequately assess both the strengths and weak-
nesses of the elder patient because it uses subtests that mea-
sure primarily fluid abilities (i.e., novel problem-solving,
reasoning, and spatial processes) known to decline with
normal aging; and 4) the HRNB potentially has poor
psychometric properties, especially for older groups. For
these reasons, some have argued against the use of the
HRNB with the elderly (La Rue 1992).

Despite these concerns, some subtests from the
HRNB are useful and included in neuropsychological eval-
uations. Subtests that can provide useful clinical informa-
tion during an assessment include the Trail Making test
(parts A and B) as a measure of cognitive flexibility and at-
tention, the aphasia screening test as a gross measure of lan-
guage, and the finger oscillation test as a measure of bilat-
eral fine motor speed. Additionally, efforts have been made

to develop HRNB age and education corrections for older
adults (see Heaton et al. 1991), and a short form of the
HRNB has been developed (Storrie and Doerr 1980).1

Luria-Nebraska Neuropsychological Battery.
The Luria-Nebraska Neuropsychological Battery yields a
number of empirically derived summary scores (Table
7–2). This battery requires less time to administer than the
HRNB (which takes 2–3 hours), thus minimizing any fa-
tigue effect in elderly patients. However, some have argued
that specific administration and scoring parameters of the
Luria-Nebraska Neuropsychological Battery places the
geriatric patient at an undue disadvantage, as well as poten-
tially increasing the chance of misdiagnosis (Lezak 1995).

Flexible Approach to
Neuropsychological Assessment

In using a flexible approach to neuropsychological testing,
individual tests are chosen based upon the patient’s pre-
senting illness or referral question (Goodglass 1986; Kane
1991; Kaszniak 1989; Lezak 1995; Schear 1984). Primary
advantages of the flexible approach to neuropsychological
evaluation include a potentially shorter administration
time, economical favorability, and adaptability to differing
patient situations and needs. Some (Goodglass 1986; Rus-
sell 1984) have argued that the flexible approach permits
better specification of the deficits within a given cognitive
domain as well as their underlying neural systems rather
than simply documenting the presence or absence of brain
damage. Others use the flexible approach because it per-
mits easy evaluation of qualitative features such as the pa-
tient’s use of problem-solving strategies (Kaplan 1983).
Finally, the flexible approach can be modified easily and
therefore is adaptable to a wide variety of clinical situations
(Kane 1991).

Disadvantages of the flexible approach include the
need for greater clinical experience; a lack of standardiza-
tion of administration rules for some tests, as well as the
tests administered; a potential lack of comprehensiveness;
and limitations in establishing systematic databases (Kane
1991; Tarter and Edwards 1986). Also, examiners who use
the flexible battery approach may require more extensive
clinical training and experience because the interpretation
of test results involves qualitative results as well as quantita-
tive data. An understanding of developmental normal ag-
ing, age-related cognitive decline, neuropsychological
principles, neuropathological conditions in the elderly,
and other issues pertinent to differential diagnosis are
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TABLE 7–1. Halstead-Reitan Neuropsychological
Battery with measures of general
intellect and memory

Halstead-Reitan Battery
Tactual performance test
Total timea

Localizationa

Memorya

Finger oscillation test (dominant hand)a

Category testa

Seashore rhythm testa

Speech sounds perception testa

Aphasia screening test
Sensory-perceptual examination
Strength of grip test
Tactile form recognition test

General intelligence
Wechsler Adult Intelligence Scale–Revised

Memory
Wechsler Memory Scale–Revised

aThese scores make up the Impairment Index.
Source. Adapted from Heaton et al. 1991.

1 Some of these tests have published normative data, independent of the HRNB normative data (Heaton et al. 1991).



particularly important when using the flexible neuro-
psychological assessment approach with elderly patients.

The flexible approach does not lend itself well to em-
pirical investigation because of the individualized nature of
the tasks and the difficulty comparing results across institu-
tions or centers. However, this individualized approach to
neuropsychological assessment remains popular with
many neuropsychologists because of its adaptability, flexi-
bility, clinical usefulness of qualitative information, effi-
ciency with severely impaired patients, and applicability
with patients who are vulnerable to fatigue, distress, or sen-
sory limitations (Kane 1991; La Rue 1992). For these rea-
sons, the flexible neuropsychological evaluation appears to
be a useful, and possibly the best, approach for the clinical
assessment of older adults (Benton 1985; Costa 1983).

Recently, test batteries and screening instruments
have been designed specifically to address cognitive de-
cline in the elderly patient, as well as test batteries or
screens used for differential diagnosis of dementia type
(Morris et al. 1989; see Lezak 1995 for a more detailed dis-

cussion). The distinction between a screening test for de-
mentia and an extended mental status examination can be
somewhat arbitrary. See Table 7–3 for a listing of a few
tests used as screening instruments for dementia.

Individual Tests of
Cognitive Functioning

Even when a flexible approach to neuropsychological as-
sessment is adopted, a broad range of cognitive processes
should be evaluated. The major domains of cognitive func-
tioning that should be assessed include attention and con-
centration, general intelligence, conceptual processes and
executive functioning, memory and learning, visuospatial
skills, language, fine motor speed, coordination, strength,
and emotional status (see Albert and Moss 1988; Russell
1984). In addition, we like to include the assessment of
functional abilities in terms of completing activities of daily
living, or ADLs, and to obtain ratings by relatives or signif-
icant others. We find that by including these last two areas
to our comprehensive geriatric neuropsychological assess-
ment, we are better able to address issues of competency,
improve our ecological validity, better address ability to
live alone, and obtain a more accurate picture of the indi-
vidual’s current functioning. Table 7–3 lists individual
neuropsychological tests that are commonly used in evalu-
ating the major domains of cognitive functioning in older
adults. (A complete review of these cognitive domains and
the instruments that measure them is beyond the scope of
this chapter; for excellent reviews on this topic, see Albert
and Moss 1988; La Rue 1992; LaRue and Swanda 1997;
Lezak 1995.)

Assessment of
Attentional Processes

After the informal assessment of the patient’s basic level of
arousal, alertness, and orientation, the patient’s attentional
capacity should be evaluated. Assessment of attention is
necessary because attention is a prerequisite for successful
performance in other cognitive domains (Albert 1981). If
the patient appears to fatigue in the course of testing, it may
be necessary to reassess attention to determine the effect of
exhaustion on test performance.

Attention is not a unitary phenomenon; it is a multi-
factorial and complex cognitive activity. Attentional pro-
cesses can be impaired in patients with delirium and with
dementing disorders, but may also be significantly im-
paired in the geriatric patient with depression and in pa-
tients with focal brain lesions. For the purposes of the clini-
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TABLE 7–2. Luria-Nebraska Neuropsychological
Battery

Clinical scales
Scale 1 (Motor functions)
Scale 2 (Rhythm)
Scale 3 (Tactile functions)
Scale 4 (Visual functions)
Scale 5 (Receptive speech)
Scale 6 (Expressive speech)
Scale 7 (Writing)
Scale 8 (Reading)
Scale 9 (Arithmetic)
Scale 10 (Memory)
Scale 11 (Intellectual functions)
Scale 12 (Intermediate memory)

Summary scales
S1 (Pathognomonic)
S2 (Left hemisphere)
S3 (Right hemisphere)
S4 (Profile elevation)
S5 (Impairment)

Localization scales
L1 (Left frontal)
L2 (Left sensorimotor)
L3 (Left parietal-occipital)
L4 (Left temporal)
L5 (Right frontal)
L6 (Right sensorimotor)
L7 (Right parietal-occipital)
L8 (Right temporal)

Source. Adpated from Incagnoli et al. 1986.



cal evaluation of the geriatric patient, it is useful to evaluate
both verbal and nonverbal aspects of attention, as these
components of attention can be variably impaired depend-
ing on the etiology of the cognitive dysfunction.

Auditory attentional processes are most readily as-
sessed by the use of span procedures. The WMS-R and
WMS-III have span procedures that are both auditorily
and visually based. A verbally based procedure, called Digit
Span, asks the patient to repeat auditorily presented strings
of numbers in increasing length in both forward and back-
ward order. The nonverbal, spatially analogous version,
called Visual Span, requires the patient to repeat the tap-
ping order of progressively longer sequences of colored
boxes printed on a card, after watching the test administra-
tor do so. The patient’s ability to perform this task in both
forward and backward order is evaluated. Letter and num-
ber cancellation tasks (Talland and Schwab 1964) can be
used to assess visual attentional processes and require the
patient to cross off designated stimuli on a sheet of paper
within a short period of time. Visual cancellation tests are
particularly useful in patients with hearing loss but are con-
traindicated in patients with decreased visual acuity.

Divided attention (i.e., the ability to ignore extraneous
information, while focusing on specific stimuli) can be as-
sessed by the Stroop Test (Golden 1978; Stroop 1935).
This test first involves the presentation of a 100-item list of
words, which the patient reads aloud. Next, the patient is
required to name the colors of a series of Xs. Finally, the pa-
tient is presented with a list of words that are printed in a
different color ink than the word implies and is asked to
name the color of the ink, ignoring the word. For example,
the word Red is presented in green ink and the patient must
suppress the tendency to read the word rather than name
the color. This test is considered to be a measure of execu-
tive functioning, as well as divided attention. Patents with
frontal lobe lesions (Holst and Villki 1988) or mild to mod-
erate dementia (Fisher et al. 1990) have demonstrated the
Stroop effect (i.e., slowing on the interference trials).
However, one particular problem about using this test in
the elderly population is color discrimination. Occa-
sionally, the elderly subject is not capable of adequately dis-
criminating between the different colors used in the Stroop
Test. A simple way of determining this is to randomly select
some of the color Xs and ask the subject to name the color.
If they can do this correctly, they are capable of completing
the test. Similarly, the elderly subject’s visual acuity may
not be adequate, and this can be tested by asking the subject
to read some of the words from the first trial.

Once the patient’s ability to focus and sustain attention
has been evaluated, the patient’s level of cognitive func-
tioning in other domains can be evaluated. If the patient’s
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TABLE 7–3. Cognitive domains and
representative neuropsychological
tests

Attention
Digit Span (Wechsler Adult Intelligence Scale–Revised

[WAIS-R; Wechsler 1981], Wechsler Memory Scale–
Revised [WMS-R; Wechsler 1987])

Visual Memory Span (WMS-R)
Cancellation tests (number, letter, or figure)
Continuous Performance Test (Rosvold and Mirsky 1956;

Loong 1988)
Stroop Test (Golden 1978)
Trail Making Test (see Reitan and Wolfson 1985)

Memory
WMS-R
California Verbal Learning Test (Delis et al. 1987)
Rey-Osterrieth Complex Figure Test (memory)

(Osterrieth 1944)
Hopkins Verbal Learning Test (Brandt 1991)
Rey Auditory-Verbal Learning Test (Rey 1964)

Intelligence
WAIS-R

Executive functions
Category Test (see Reitan and Wolfson 1985)
Wisconsin Card Sorting Test (Berg 1948;

Heaton 1981)
Tower of London (Shallice 1982)
Trail Making Test
Tinkertoy Test (Lezak 1983)
Porteus Maze Test (Porteus 1965)
Stroop Test
Executive Control Battery (Goldberg et al. 1996)

Language
Boston Diagnostic Aphasia Examination (Goodglass and

Kaplan 1972)
Multilingual Aphasia Examination (Benton and Hamsher

1978)
Reitan-Indiana Aphasia Screening Test (see Reitan and

Wolfson 1985)
Wepman Auditory Discrimination Test (Wepman and

Jones 1961)
Visuospatial and visuomotor processes

Facial Recognition Test (see Benton et al. 1983)
Judgment of Line Orientation (see Benton et al. 1983)
Visual Form Discrimination Test (see Benton et al. 1983)
Benton Visual Retention Test (Benton 1974)
Rey-Osterrieth Complex Figure (copy) (Osterrieth 1944)

Motor processes
Finger Oscillation Test (see Reitan and Wolfson 1985)
Grooved Pegboard Test (Matthews and Kløve 1964)
Purdue Pegboard Test (Purdue Research

Foundation 1948)
Strength of Grip Test (see Reitan and Wolfson 1985)



ability to attend is judged to be severely impaired, further
neuropsychological assessment beyond a brief cognitive
screen may not be useful.

Assessment of
Intellectual Processes

Intellectual processes are differentially affected by the ag-
ing process and by dementing disorders. Overlearned crys-
tallized intellectual functions (Cattell 1963) such as fund of
general information and vocabulary development are often
preserved, whereas the ability to use abstract reasoning and
cognitive flexibility (fluid intelligence) usually declines
both with normal aging and with disease-associated pro-
cesses. The WAIS-R and WAIS-III are the most com-
monly used tests of general intelligence but either may take
more than 2 hours to administer to an elderly patient, mak-
ing it impractical in many cases. When the complete ad-
ministration of the WAIS-R or WAIS-III is not possible
because of limitations in the patient’s stamina or severity of
cognitive impairment, the administration of selected
subtests can be useful. In particular, the Vocabulary and In-
formation subtests are relatively good indicators of the pa-
tient’s premorbid level of functioning. The ability to think
abstractly is most commonly assessed through the use of
the Similarities subtest of the WAIS-R, the Comprehen-
sion subtest provides a sample of the patient’s judgment
when placed in hypothetical situations, and Block Design
measures visuoconstructive abilities. The Wechsler Ab-
breviated Scale of Intelligence (Psychological Corporation
1999) is a two or four subtest version of the WAIS-III with
normative data extending into the eighth decade.

Memory

The evaluation of memory represents an extremely critical
component of the neuropsychological assessment of the
geriatric patient and can yield important diagnostic infor-
mation. The patient’s performance can help discriminate
the effects of brain impairment from normal aging and can
also help differentiate between psychiatric disorders (e.g.,
depression) and dementia etiology. For example, one dis-
sociation of memory performance includes the difference
between impaired free recall and recognition of recent in-
formation versus impaired free recall but relatively pre-
served recognition of recent information. Impaired free re-
call and recognition performance may be classified as a
“pure amnesia” with concomitant dysfunction of encoding
and storage. This type of memory loss is typically associ-
ated with medial-temporal lobe damage, particularly to the
hippocampus, and is characteristic of Alzheimer’s disease.

Impaired free recall with relatively preserved recognition
performance suggests a retrieval deficit consistent with
dysfunction of the frontal-subcortical circuitry and charac-
teristic of subcortical dementias (Cummings 1992; Delis et
al. 1991). However, some evidence shows that, when con-
trolled for dementia severity, there may not be any differ-
ence in memory performance between Alzheimer’s and
multi-infarct dementia (La Rue 1989).

Both verbal and visuospatial memory should be as-
sessed and may have relevance for the localization of brain
dysfunction to either the left or right hemisphere, respec-
tively. Verbal memory processes are most often assessed
through the use of word lists that are presented a specified
number of times or through the presentation of “stories”
that the patient is asked to recall at some later time (i.e., im-
mediately after presentation and after a 20-minute delay).
The Rey Auditory-Verbal Learning Test (Rey 1964) and
the California Verbal Learning Test (Delis et al. 1987) are
commonly used list-learning tasks, although these tests are
challenging because of the length of the lists (15 and 16
words, respectively) and the five required repetitions of the
lists. These tests may be too difficult for geriatric patients
who have more than a mild level of dementia or who have
reduced stamina. The Hopkins Verbal Learning Test
(HVLT) (Benedict et al. 1998; Brandt 1991) and California
Verbal Learning Test—Dementia Version (Libon et al.
1996) may be preferable because they use shorter word lists
and, in the case of HVLT, less number of repetitions. The
most common story recall tasks used to evaluate verbal
memory are taken from the WMS-R or WMS-III.

Evaluation of the patient’s ability to learn and remem-
ber abstract spatial information is also an important com-
ponent of the neuropsychological assessment process, and
disruption of spatial memory relative to other test results
may suggest right hemisphere dysfunction. Testing most
often involves the reproduction and subsequent recall of
abstract designs such as are provided by the Visual Repro-
duction subtest of the WMS-R or WMS-III, the Rey-
Osterrieth Complex Figure Test (which is prone to floor
effects in the elderly), and the Brief Visuospatial Memory
Test—Revised (Benedict 1997). The Brief Visuospatial
Memory Test—Revised is unique among published visuo-
spatial memory tests in that it has multiple trials. This al-
lows one to study the subject’s visuospatial learning and
thus can be compared to the subject’s learning curve on a
verbal word list–learning test.

In the evaluation of spatial memory, it is particularly
important to dissociate the patient’s ability to reproduce
the designs (constructional disturbance) from memory, per
se. One way of conveniently accomplishing this is by asking
the patient to copy the design before the memory compo-
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nent of the evaluation is completed, such as in the adminis-
tration of the Rey-Osterrieth Complex Figure Test. Fig-
ure 7–1 provides an example of severe constructional
disturbance in a 77-year-old patient with suspected Alzhei-
mer’s disease. In addition, other assessment procedures
such as the Benton Visual Retention Test (Benton 1992) al-
low separation of constructional disturbance from impair-
ment of spatial memory by providing normative data for
both the reproduction (i.e., copy) and retention of figural
information, separately. Finally, nonverbal memory can be
assessed by using a recognition paradigm. Here the subject
is exposed to a series of geometric stimuli. This is followed
by a long series of geometric designs. Most are new (e.g.,
not part of the initial stimuli shown to the subject previ-
ously), but some repeat (e.g., the designs shown initially).
The subject is asked to say “yes” if the stimulus looks famil-
iar and “no” if it does not. This type of paradigm has abso-
lutely no graphomotor component, but it also has no free
recall component (Paolo et al. 1998).

Remote memory, also referred to as tertiary memory,
refers to the recall of events that occurred during the early
years of one’s life (La Rue 1992). Interestingly, older adults
typically report the ability to recall events from remote
memory (e.g., names of grade school teachers), while com-
plaining of anterograde memory loss for recent events
(e.g., what they had for lunch that day). Traditional mea-
sures of remote memory include the Famous Faces Test or
Famous Events Test (see Lezak 1995), which assess the in-
dividual’s ability to recall famous faces or events during dif-
ferent decades of the 20th century.

As found with measures of new learning (e.g., word list
learning), performance on tests of remote memory can dif-
ferentiate between cortical (e.g., Alzheimer’s disease) and

subcortical (e.g., Huntington’s disease) dementias. The
former tends to show the typical temporal gradient in recall
of past events (better recall the older the event), whereas
the latter tends to be equally impaired across decades. A
similar explanation of poor consolidation versus retrieval,
respectively, has been proposed (see Salmon and Bondi
1997). The assessment of remote memory is difficult be-
cause the examiner is usually uncertain about the amount of
initial exposure or the subsequent rehearsal of this infor-
mation the subject had with the stimuli (Craik 1977). In
other words, what may appear as remote memory failure in
a given patient may actually be a lack of exposure to the
event in question or even possibly an anterograde amnesia
that developed at an earlier time. Research documents sig-
nificant age differences in a comparison of remote memory
(public events) between young, middle-aged, and older
adults (Howes and Katz 1988). Specifically, the elderly
group demonstrated significantly poorer performance in
recall of remote events during the time periods when both
groups had lived. However, the elderly demonstrated con-
sistent recall across the five decades.

The issue of whether older subjects demonstrate consis-
tent recall across decades remains a controversial issue
(Squire 1974; Warrington and Sanders 1971). Overall, re-
mote memory appears to be affected by age, but this finding
shouldcontinue tobe interpretedwithcautionbecausemeth-
odological differences remain across studies (La Rue 1992).

In summary, assessment of memory in the geriatric pa-
tient should be thorough, encompassing aspects of learn-
ing, retention, and recognition as well as remote memory.
This is important because it aids in differential diagnosis
and also because various components of memory deferen-
tially decline with age (see Lezak 1995).

152 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

FIGURE 7–1. Rey-Osterrieth Complex Figure Test (panel A) and reproduction of this figure by a 77-year-old man with sus-
pected Alzheimer’s disease (panel B). The patient’s copy of the figure demonstrates severe impairment of visuoconstructional pro-
cesses often associated with parietal lobe damage.



Executive Functioning

Along with memory, executive control skills show signifi-
cant decline with normal aging (Libon et al. 1994; see La
Rue 1992). In fact, some have postulated that the cognitive
changes in normal aging are most pronounced in executive
control functioning (Mittenberg et al. 1989). This may be
due to greater cortical (Terry et al. 1987) and neurotrans-
mitter (Carlsson 1981; Goldman-Rakic and Brown 1981)
loss in the frontal lobe, as well as a greater decline in meta-
bolic activity (Shaw et al. 1984; Smith 1984). This indicates
that age-appropriate normative data on measures of execu-
tive control are highly relevant to an older population. It
also suggests that just simply “renorming” an existing test
of executive control may be somewhat problematic.
Renorming the test for older patients who are known to de-
cline on that measure increases the chance of that test’s hav-
ing poor psychometric properties for the older population.
For example, the WCST is the typical “gold standard” for
assessing executive control skills. However, it is particu-
larly prone to floor effects in older populations and thus
loses its clinical utility.

Executive control functioning is a constellation of
multicompartmental cognitive skills that encompasses
mental planning and organization, novel problem solving
(e.g., cognitive flexibility), set development and shifting,
and error monitoring. These components can be assessed
individually or in combination. The WCST is used to as-
sess cognitive flexibility (e.g., novel problem solving) and
set shifting. However, as mentioned previously, it may have
poor clinical utility in older patients. Tests such as Trail
Making can be used to assess sequencing and visual search
skills, although these skills also decline sharply with ad-
vancing age. Planning can be assessed through a qualitative
analysis of how the patient approaches tasks such as the
Block Design subtest of the WAIS-R or WAIS-III or the
Rey-Osterrieth Complex Figure (Meyers and Meyers
1995; Osterrieth 1944) (Figure 7–1). Planning also may be
evaluated formally using the Tinkertoy Test (Lezak 1983),
which requires the patient to build a design using a
50-piece Tinkertoy set. The test has shown good construct
validity as a measure of executive control functioning
(Mahurin et al. 1993) and sensitivity to detecting dementia
(Koss et al. 1998) and dementia type (Mendez and
Ashla-Mendez 1991).

Two additional measures of executive control func-
tioning that are showing promising results in the clinical
assessment of elderly patients are the Executive Control
Battery (ECB) (Goldberg et al. 1996) and Cognitive Bias
Test (CBT). ECB was designed to quantify the qualitative
features of executive dyscontrol as developed by A. R. Luria

and E. Goldberg. The ECB consists of four relatively sim-
ple subtests: Competing Programs, Manual Postures,
Graphical Sequences, and Motor Programming. The sub-
tests are quick and easy to administer and can be given indi-
vidually. The battery measures perseveration, field de-
pendency, impulsivity, and sequencing errors. The
battery, or portions of it, is sensitive to prefrontal lesions
(Podell et al. 1992a, 1992b; Zimmerman et al. 1994), the
decline in executive control associated with advanced nor-
mal aging (Libon et al. 1994), and the differential effects of
Alzheimer’s versus cerebrovascular dementia on grapho-
motor perseverations (Lamar et al. 1997). See Figure 7–2
for examples of graphomotor perseverations elicited on the
Graphical Sequences subtest of ECB.

The CBT is an innovative computerized test that as-
sess the subject’s response preference along a continuum of
context-dependent/independent responding. For exam-
ple, after being presented with a stimulus, does the subject
use it as a context for which to make a subsequent judgment
(context dependent)? Or does the subject make all choices
independent of any context (i.e., context independent)?
CBT performance is sensitive to prefrontal functions with
laterality and sexual dimorphic effects (Goldberg et al.
1994; Podell et al. 1995). Research in an elderly population
has shown this test’s sensitivity to the disease progression in
Alzheimer’s disease (Goldberg et al. 1997).

Visuospatial and
Visuoconstructive Processes

Just as it is important to separate disorders of visual mem-
ory from difficulties secondary to impairment of construc-
tional processes, it is also necessary to separate disorders of
visuospatial analysis from those of visuoconstructive pro-
cesses. This dissociation can have localizing value, aid in
differential diagnosis, and address functional abilities. The
separation of these different, but related, neuropsycho-
logical processes can be most effectively accomplished by
comparing the results of constructional tasks such as Block
Design from the WAIS-R or WAIS-III to performance on
motor-free spatial tasks such as the Visual Form Discrimi-
nation Test, Judgment of Line Orientation, and Facial Rec-
ognition tests developed by Benton and his colleagues
(Benton et al. 1983). The Rey-Osterrieth Complex Figure
Test, used in combination with these motor-free tasks, can
be useful in separating visuospatial from visuoconstructive
deficits. Poor performance in copying the figure, with
better performance on motor-free tests, suggests a con-
structional rather than visuospatial disorder. We find a
clock-drawing test (command and copy trials) useful in dis-
tinguishing between visuospatial, constructional, and
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executive control (planning) components. This test is rela-
tively quick and easy to administer and has been extensively
studied in dementia (Freedman et al. 1994).

One caveat we would like to add addresses the issue of
primary vision and assessment of visuospatial and con-
structional abilities. The examiner must be aware of, and
sensitive to, the patient’s primary visual acuity (e.g., effects
from glaucoma, cataracts, and macular degeneration). We
recommend a cursory visual acuity check (e.g., using a
Snellen eye chart) for all geriatric patients undergoing any
neuropsychological testing using visual stimuli. One must
consider the utility of administering these tasks, or the
need for using enlarged stimuli, if the patient’s primary vi-
sual acuity is poor.

Speech and Language

Clinical evaluation of speech and language processes is also
a necessary component in the neuropsychological evalua-
tion of geriatric patients. Language processes in the elderly

can be affected by the normal aging process (Albert and
Moss 1988), depression (Speedie et al. 1990), and dementia
(Hill et al. 1989), and a thorough evaluation of language
can help differentiate these disorders clinically. In particu-
lar, disorders of object naming (tested by presenting the pa-
tient with pictures of common objects) have been found to
be associated with dementing illness (Albert 1981; Hill et
al. 1989) and, to a lesser degree, with cognitive impairment
secondary to depression (Speedie et al. 1990).

Other aspects of language should also be assessed dur-
ing the neuropsychological evaluation, including compre-
hension and verbal fluency, as well as reading and writing.
Verbal fluency can be easily assessed via the Animal
Naming subtest of the Boston Diagnostic Aphasia Exami-
nation (Goodglass and Kaplan 1972) or the Controlled
Oral Word Association Test (Benton and Hamsher 1978).
Both types of verbal fluency tests provide the patient with
1 minute to produce as many words that fall under the cate-
gory of “animals” or that begin with a specific letter. The
total number of words generated by the patient in 1 minute
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FIGURE 7–2. Types of graphomotor perseverations from the Graphical Sequences subtest of the Executive Control Battery.



represents a total verbal fluency score and is compared to
age-appropriate normative data. Comparison between the
two fluency tasks can distinguish between a primary deficit
in lexical-semantic accessing versus an impairment in exec-
utive control functioning. For example, impaired perfor-
mance on novel fluency (e.g., a specific letter) but intact se-
mantic fluency is an indication of executive dyscontrol
(e.g., poor novel generation). The converse, intact fluency
for a novel cue but impaired animal naming, is indicative of
impaired lexical-semantic accessing skills. The Aphasia
Screening Test (Halstead and Wepman 1959) from the
HRNB is also useful and provides a brief assessment of
multiple aspects of language, as well as allowing an evalua-
tion of basic reading, writing, and calculation abilities.

Motor Processes and
Psychomotor Speed

Although motor speed and coordination decrease with
normal aging, impairment of motor processes can also sig-
nal underlying neuropathological process. Decreased mo-
tor strength or speed can suggest a lateralized brain lesion,
such as a stroke, tumor, or metastases, or may occur as part
of a dementing disorder. In addition, a disruption in the
ability to produce complex motor acts (e.g., dressing and
eating) may represent an apraxia and may point to dysfunc-
tion of specific brain systems. Finally, evidence indicates
that tests of impairments in fine and complex motor skills
are almost as sensitive as other cognitive measures in differ-
entiating between healthy normal and the mild, early
stages of dementia (Kluger et al. 1997).

Motor speed is most commonly evaluated through the
use of the Finger Oscillation Test (Finger Tapping) from
the HRNB, the Grooved Pegboard Test (Matthews and
Kløve 1964), or Purdue Pegboard Test (Purdue Research
Foundation 1948). In general, better performance is ex-
pected of the dominant (usually right) hand relative to the
nondominant hand, and the reversal of this pattern can
help to localize a brain lesion to the contralateral hemi-
sphere. The cautions concerning the use of age-appropri-
ate norms are particularly germane to a discussion of the
evaluation of motor processes. Comparison of an elderly
patient’s performance on a motor task to that of a younger
normative group will result in spurious and misleading in-
formation. Finally, the examiner must be attuned to the
contribution of peripheral factors upon motor perfor-
mance. Peripheral, or non–central nervous system, dis-
eases such as gout, arthritis, or peripheral neuropathies all
effect motor performance and, if not taken into consider-
ation, can lead to erroneous and incorrect interpretations.

Daily Functional Abilities

Direct assessment of functional abilities (i.e., instrumental
activities of daily living, or IADLs) has become increas-
ingly more important in neuropsychological test batteries.
Therefore, some clinicians now advocate the assessment of
functional capacity by using instruments specifically de-
signed for this purpose (La Rue and Swanda 1997). Addi-
tionally, such instruments play an important role in deter-
mining level of legal competency, which has become an
increasingly more frequent referral question in neuropsy-
chological assessments of older adults (Grisso 1994).

Functional abilities can be assessed through individual
or collateral interviews or questionnaires (e.g., the Instru-
mental Activities of Daily Living Scale [Lawton and Brody
1969] and the Blessed Dementia Rating Scale [Blessed et al.
1968]) or by direct evaluation of the patient. However, evi-
dence indicates that individual or collateral reports do not
correlate well with actual performance (see Grisso 1994).
Having a subject actually perform the given tasks or the
requisite skills needed for the task is a more accurate and
valid assessment of his or her functional abilities.

In our clinic, we have recently incorporated the direct
assessment of functional abilities as part of our standard ge-
riatric assessment. Specifically, we have used the Independ-
ent Living Scales (ILS) (Loeb 1996). Through a series of
verbal responses and actual task completion (e.g., writing a
check or using a telephone), the ILS assesses several differ-
ent areas—Memory/Orientation, Managing Money,
Managing Home and Transportation, Health and Safety,
and Social Adjustment—vital to independent functioning
and competency. The instrument is well normed and has
been extensively validated on several different populations.
In fact, unpublished data from our clinic (Baird et al. 1999)
has shown a strong correlation (r = .73) between perfor-
mance on the ILS and level of dementia as assessed on the
Dementia Rating Scale.

Use of Neuropsychological
Testing in Differential Diagnosis

As highlighted throughout this chapter, geriatric patients
are at risk for a number of neuropathological disorders that
affect cognitive functioning, which are often difficult to
distinguish clinically. Although the neuropsychological
evaluation can often be helpful in the differential diagnosis
of neurological disorders, it must be emphasized that the
results of neuropsychological testing should not be inter-
preted “in a vacuum,” but should be integrated with other
diagnostic information gathered within the broader con-
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text of the neuropsychiatric evaluation. This should in-
volve a thorough medical, social, and psychiatric history;
mental status examination; the application of appropriate
neuroimaging technologies; and appropriate laboratory
studies. With these guidelines in mind, we briefly review
the use of neuropsychological testing in the differential di-
agnostic process. For a more detailed review, see La Rue
1992.

Dementia

Dementing disorders are not a homogeneous group of
conditions; they vary greatly with regard to etiology, neu-
rological substrate, disease course, and treatment (see
Chapters 19, 20, and 24 in this volume). Therefore, it is not
surprising that different types of dementia are associated
with different neuropsychological profiles (Table 7–4).

One of the more recent developments in the differen-
tial diagnosis of dementia is a new classification of individu-
als who do not conform to a formal diagnosis of dementia
(i.e., impairment in multiple cognitive domains) but have a
circumscribed memory impairment greater than what can
be expected for their age and background. This classifica-
tion has been termed mild cognitive impairment or MCI
(Flicker et al. 1991; Petersen et al. 1999). MCI is consid-
ered a transitional period between normal aging and the

development of dementia (usually the Alzheimer’s vari-
ant). However, there is debate whether all individuals diag-
nosed with MCI develop dementia.

The neuropsychological profile of Alzheimer’s disease
is most often characterized by impairment of memory, ex-
ecutive control, visuospatial processes, intellectual pro-
cesses, complex motor skills, and language, although im-
pairment in all of these areas may not be present in every
patient, particularly early in the disease. Memory impair-
ment is usually the first sign of the disorder, although de-
tailed neuropsychological evaluation may reveal subtle
deficits in other areas (e.g., executive functioning).
Dysnomia, decreased verbal fluency, and poor semantic
processing are also common, even early in the disease pro-
cess. The memory impairment is characterized by a rela-
tively spared span of apprehension (as measured by the
Digit Span procedure) but marked impairment in the re-
tention of newly learned material. Intrusive errors (i.e., the
inclusion of extraneous items, usually semantically related)
are common both on list learning (Delis et al. 1991) and
story recall tasks.

Early in Alzheimer’s disease, often subtle impairment
of mental flexibility and executive functioning may be
viewed by the patient (and by his or her family) as being part
of the normal aging process. Visuospatial impairment may
be evident in the patient’s drawings and may range from
mild distortions of designs to a complete inability to repro-
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TABLE 7–4. Profiles of neuropsychological dysfunction in elderly patients

Syndrome Neuropsychological profile
Alzheimer’s disease Impaired recent memory, intrusive errors on list-learning tasks, poor performance on memory

recognition and retention measures, impaired naming and other signs of aphasia,
visuospatial processing deficits, general intellectual decline, apraxia, and agnosia (in
advanced illness)

Frontotemporal dementias Executive functioning deficits (perseveration, impaired planning, stimulus boundedness,
impaired synthesis, impaired mental flexibility), reduced fluency (verbal and nonverbal),
impaired insight, marked personality change early in illness characterized by apathy and
inertia, impaired selective attention, and relatively preserved memory

Vascular dementia “Patchy” pattern of deficits depending on location of infarcts, general intellectual decline over
time, stepwise decline in cognitive functioning over time, and lateralized cognitive deficits
depending on site of infarct or infarcts

Subcortical dementias Psychomotor slowing, prominent memory impairment, speech or motor-system difficulties,
impaired concept formation and mental flexibility, impaired insight, and depression

Dementia with Lewy bodies Progressive insidious cognitive decline; pronounced fluctuations in attention and arousal; re-
current, well-formed, and detailed visual hallucinations; motor features consistent with
parkinsonism; and usually neuroleptic sensitivity

Dementia syndrome of
depression

Mildly impaired naming, impaired attentional processes, and immediate memory but intact
depression retention of new material, normal primacy effects on memory tasks, normal
learning curve on list-learning tasks, normal retrieval and recognition of material, and intact
visuospatial processing



duce even simple two-dimensional copies. At later stages in
the disease, more severe impairment of intellectual pro-
cesses is observed, and agnosia and apraxia are often seen.
Severe visuospatial impairment may take the form of an in-
ability to tell time on an analogue clock or by spatial disori-
entation. This problem can become so severe that the pa-
tient is unable to find his or her room consistently.
Personality and affective changes are common, especially
in the later stages. Sundowning is often associated with
Alzheimer’s disease in the mid to late stages of the disease.

The label frontotemporal dementia is used to describe a
number of disorders (such as Pick’s disease, progressive
subcortical gliosis, and dementia of the frontal lobe type)
that primarily affect the prefrontal and temporal regions of
the brain. Frontotemporal dementia is most often charac-
terized by marked insidious personality change and im-
pairment of executive functioning affecting all aspects of
cognition (Cummings 1992; Moss et al. 1992). Although
memory impairments can be present, they are usually asso-
ciated with a preponderance of an executive control im-
pairment (e.g., poor retrieval).

Unlike dementia of the Alzheimer type, the first signs
of frontotemporal dementia are usually neuropsychiatric
rather than cognitive in nature. Personality changes can be
characterized by two distinct behavioral syndromes: apa-
thy and behavioral inertia in the dorsolateral syndrome or
hypomanic-like, puerile, sometimes irritable disinhibition
in the orbitofrontal variant (Fuster 1989). Executive func-
tioning impairment takes the form of perseveration, abulia
or lack of initiation, stimulus boundedness (or field de-
pendency), impaired synthesis and planning, and poor er-
ror monitoring. In contrast to those with the dementia of
Alzheimer’s disease, patients with frontotemporal demen-
tia often have preserved visuospatial abilities and relatively
better preserved memory functions (Neary and Snowden
1991). Although basic motor processes are usually intact,
executive processes that involve a significant motor com-
ponent are typically impaired. Language comprehension
and expression are often preserved, but echolalia and a pro-
gressive expressive aphasia can develop. The neuropsychi-
atric and cognitive difficulties seen in frontotemporal de-
mentia can become so severe as to limit the patient’s ability
to complete a comprehensive evaluation. Short bedside
procedures are often useful and should be part of the men-
tal status examination (see Chapter 6 in this volume).

Vascular dementia refers to a group of dementing dis-
orders of a cerebrovascular nature consisting of an abrupt
onset with a stepwise decline over time. Vascular dementia
is characterized by “patchy” performance on neuropsy-
chological measures with islands of preserved and impaired
performance, depending on the site of the infarct(s) or

ischemia. As the disease progresses, a stepwise decline in
cognitive functioning is typically observed and can be doc-
umented through serial neuropsychological evaluations.
Left hemisphere lesions often result in language and verbal
memory impairment, whereas right hemisphere lesions re-
sult in greater impairment of visuospatial processes and vi-
sual memory. Small infarcts that do not affect motor or
speech areas may go unnoticed by the patient or family but
can be documented through neuroimaging and neuro-
psychological evaluation.

The subcortical dementias are a group of disorders
that are characterized by primary dysfunction in sub-
cortical brain areas. Unlike dementing conditions that pri-
marily affect cortical areas, leading to aphasia, apraxia,
agnosia, and anomia, subcortical dementia features motor
dysfunction, speech impairment, memory dysfunction,
characterized primarily by deficits in retrieval (Delis et al.
1991), executive disorders, and disturbances in mood and
personality (Cummings 1985). Subcortical dementia oc-
curs with extrapyramidal syndromes such as Parkinson’s
disease, Wilson’s disease, progressive supranuclear palsy,
multisystems atrophy, and Huntington’s disease. Although
there is often a general decline in intellectual processes
over time, this decline is usually much less severe than in
other dementing disorders. Performance on neuropsy-
chological testing in Parkinson’s disease varies across pa-
tients, but deficits are often found on tests that require
psychomotor speed, visuospatial processing, executive
functioning, and memory (Pirozzolo et al. 1982). In addi-
tion, performance may be impaired on tests that measure
concept formation and problem solving in new situations
(Matthews and Haaland 1979), category fluency, and men-
tal flexibility (Beatty et al. 1989).

Patients with Huntington’s disease often exhibit exec-
utive functioning impairment that involves difficulty with
mental flexibility and abstraction but with relatively pre-
served “overlearned” verbal skills (i.e., on the Information
and Vocabulary subtests on the WAIS-R). Memory impair-
ment also commonly occurs with Huntington’s disease and
is characterized by impairment in the acquisition and re-
trieval of new information, as well as by impaired remote
memory later in the disease process (Albert et al. 1981). In
contrast with patients with Alzheimer’s disease, who are
characterized by dysnomia, patients with Huntington’s
disease can exhibit normal performance on confrontation
naming tests (Butters et al. 1978).

Dementia with Lewy bodies (DLB) is a progressive,
degenerative dementia that is often overlooked when mak-
ing a differential diagnosis of dementia type, but one that
has important implications for appropriate treatment
(McKeith et al. 1996; for a review, see Hansen and Galasko
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1992). As many as 15%–25% of patients undergoing au-
topsy may have Lewy bodies present in the brainstem and
cerebral cortex. The core cognitive features include pro-
gressive, insidious cognitive decline with pronounced fluc-
tuations in attention and arousal; recurrent, typically
well-formed and detailed visual hallucinations; and motor
features consistent with parkinsonism. Memory deficits
may not be evident in the early stages, but impairments in
executive control and visuospatial and visuomotor skills are
mostly likely early prominent features. Other supportive
features include syncope, repeated falls, hallucinations in
various modalities, and fixed delusional system(s). Patients
with DLB are usually neuroleptic sensitive, which in fact is
considered a core feature in diagnosis. This is very impor-
tant in terms of psychiatric treatment. Elderly patients who
present with recent onset of a fixed delusional system with
visual hallucinations should be considered for a diagnosis
of DLB, and the use of a neuroleptic should be carefully
considered (see McKeith et al. 1996).

Depression-Related
Cognitive Dysfunction

It is estimated that from 10% to 20% of patients with de-
pression have significant cognitive impairment (Reynolds
and Hoch 1988). In addition, depression frequently ac-
companies neurological disorders such as Alzheimer’s dis-
ease (Kaszniak 1987), stroke (Robinson and Price 1982),
and extrapyramidal diseases such as Parkinson’s and Hun-
tington’s (Cummings 1985). The labels pseudodementia
(Kiloh 1961), dementia syndrome of depression (Folstein and
McHugh 1978), depression-induced organic mental disorder
(McAllister 1983), and depression-related cognitive dysfunc-
tion (Stoudemire et al. 1989) have been used to describe the
reversible cognitive impairment in elderly patients with
depression. Since Kiloh’s initial characterization of
pseudodementia (1961), numerous articles have described
the clinical features of cognitive impairment secondary to
depression and its differentiation from progressive and ir-
reversible conditions such as Alzheimer’s disease (Bulbena
and Berrios 1986; Cummings 1989; Jeste et al. 1990;
Kaszniak 1987; see Christensen et al. 1997 and Veiel 1997
for reviews). Although the concept of depression-related
cognitive impairment is well accepted and has had value in
identifying potentially treatable forms of dementia, the
term pseudodementia has come under criticism (Arie 1983;
Lamberty and Bieliuskas 1993; Reifler 1982; Shraberg
1978, 1980). These criticisms have stemmed primarily
from the implication that cognitive dysfunction secondary
to depression does not represent a “real” or “organic” phe-
nomenon. Additional criticisms have been based on the

lack of diagnostic specificity of the term and from the lack
of utility of the concept in predicting response to
treatment.

Understanding of the complexity of cognitive dys-
function in elderly patients with depression has increased
substantially over the last decade, and an increasing num-
ber of systematic studies have been designed to assist in the
separation of the potentially reversible (and treatable) de-
mentia of depression from irreversible and often progres-
sive conditions such as Alzheimer’s disease and vascular
dementia. Although currently no universally accepted
neuropsychological template exists for the differentiation
of depression-related cognitive dysfunction from cogni-
tive impairment secondary to specific brain disease, re-
search has suggested that neuropsychological test results
may be useful in this regard. For example, several studies
have pointed to the usefulness of confrontation naming
tests, such as the Boston Naming Test (Kaplan et al. 1983),
in the differential diagnostic process (Caine 1981; Hill et
al. 1989; Petrick and Mittenberg 1992), although this find-
ing has not been found by all researchers (Speedie et al.
1990). Further complicating the issue is research suggest-
ing that depression might represent an early marker for
later developing progressive dementia (Kral and Emery
1989; Nussbaum et al. 1991; Reding et al. 1985). Others
have recommended that detailed historical information
and behavioral features, along with qualitative aspects of
neuropsychological performance, are helpful in making a
differential diagnosis (Kaszniak and Christenson 1994).

Christenson et al. (1997) recently performed a
meta-analysis of studies looking at the cognitive effects of
depression. Two types of studies were analyzed: patients
with depression versus psychiatrically healthy control sub-
jects and patients with depression versus patients with Alz-
heimer’s disease. Essentially, patients with depression
show impaired performance across all cognitive domains
with very little intact cognitive skills. One of the greatest
effect size was in executive control skills. However, relative
to psychiatrically healthy control subjects, patients with
depression were mostly impaired on speeded tasks and vig-
ilance tasks. No difference in the effect size was found when
comparing free recall to recognition memory, semantic
processing, or using verbal versus nonverbal material. Pa-
tients with depression were equivalent to those with Alz-
heimer’s disease on recall compared with recognition and
verbal compared with nonverbal processing and were sig-
nificantly better in all other cognitive domains. The notion
that the difference between depression and dementia (es-
pecially that of the Alzheimer’s type) is a result of effortful
(including speeded tasks) versus noneffortful tasks received
some support in the meta-analysis. Thus, patients with de-
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pression being impaired only on effortful (and speeded)
tasks, but patients with dementia being impaired on both
effortful and noneffortful tasks (Hartlage et al. 1993), may
have important use in the differential diagnosis between
depression and dementia. But not all noneffortful tasks dis-
criminated well. Also, the notion that recognition versus
recall distinguished depression from dementia was not
supported by the meta-analysis. The possibility that speed
of processing or attentional components might distinguish
depression from dementia was proposed by the authors.
This was also supported by another meta-analysis that
compared younger patients with depression to psychiatri-
cally healthy control subjects (Veiel 1997). The issue of
cognitive dysfunction in elderly patients with depression is
a complicated one that deserves further study.

Ecological Validity of
Neuropsychological Tests

Because neuropsychologists are increasingly asked to ren-
der decisions about functional capacity and competency of
the elderly patient, ecological validity of standard
neuropsychological tests is a central and important issue.
Indeed, the utility of neuropsychological assessment lies
not only in its ability to aid in the diagnostic process, but
also in its capacity to provide information regarding the pa-
tient’s ability to function in his or her natural environment.
Neuropsychological test performance and outcome mea-
sures have only a moderate relationship (Acker 1990;
Chelune and Moehle 1986), but have a greater predictive
accuracy for functional skills demanding complex informa-
tion processing, such as writing a check, than for basic
functional capacity, such as performance of a personal hy-
giene skill (Baird et al. 1999; Goldstein et al. 1992; Loeb
1996; McCue et al. 1990; Rogers et al. 1994).

Even with the good predictive validity neuro-
psychological tests have for general functional abilities, lit-
tle direct evidence indicates that neuropsychological test
results can predict specific functional abilities such as driv-
ing or appropriate residential placement (see Blaustein et
al. 1988; Kaszniak and Nussbaum 1990). Unfortunately,
relatively few empirical data exist to support the predictive
validity of neuropsychological test performance on these
functional domains in older patients. The development of
new neuropsychological tasks that more closely parallel
ADLs is much needed (Zappala et al. 1989). Currently, de-
cisions are more often based on estimates of the patient’s
performance on more traditional neuropsychological mea-
sures that have no direct corollary “in real life.” In particu-

lar, decisions regarding the patient’s ability to drive are of-
ten based on performance on visuospatial, attentional,
memory, and executive functioning tasks, as these pro-
cesses are generally thought to be requisite to the safe oper-
ation of an automobile. The development of ecologically
valid neuropsychological tests to more directly assess the
patient’s ability to perform real-life activities requires con-
tinued attention and represents one of the biggest chal-
lenges for the field of geriatric neuropsychology. To this
end, we see the direct assessment of functional abilities
(such as the Independent Living Scale) as one method for
trying to fill this void. We find that we are better able to ad-
dress the issues of functional capacity and level of compe-
tency by using standardized neuropsychological tests in
conjunction with the direct assessment of functional abili-
ties. Although not a perfect solution, this certainly is a step
in the right direction.

Conclusions and Future Directions

In this chapter, we have reviewed several important issues
related to the neuropsychological assessment of older pa-
tients. First, the use of a flexible, individualized approach to
neuropsychological assessment with older patients is advo-
cated because it typically requires less time than standard
fixed batteries, is cost-effective, and is patient driven, thus
providing the opportunity to address specific cognitive
deficits. Second, despite recent developments in geriatric
neuropsychology, a continued need exists for empiri-
cal-clinical investigation of the utility of different evalua-
tion approaches to the assessment of older adults. Third,
age-appropriate normative data for individuals over the
age of 74 are still inadequate. Although progress has been
made in this area, a need for normative data for individuals
in this age group remains. Fourth, the use of neuropsy-
chological testing in the differential diagnosis of dement-
ing illnesses, particularly subcortical versus cortical de-
mentia and depression versus dementia, remains an
important area deserving of continued attention. Fifth, the
ecological validity of neuropsychological assessment is a
relatively new area of concern that deserves sophisticated
empirical investigation. Cognitive tests that predict the
functional capacity of older patients are just being devel-
oped and incorporated into the formal neuropsychological
test battery. They have the potential of adding valuable in-
formation in addressing a wide range of referral questions.
Finally, continued specialized training of the clinical
neuropsychologist in the assessment and treatment of
older patients is needed.
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Age-Associated

Memory Impairment

Graham Ratcliff, D.Phil.

Judith Saxton, Ph.D.

In this chapter, we review the memory
changes associated with aging, paying par-

ticular attention to the phenomenon of age-associated
memory impairment (AAMI). We begin the chapter with
a brief overview of what is known about memory loss in
older adults and a discussion of some current theoretical
interpretations of these data. We then turn to the spe-
cific, well-defined phenomenon of AAMI, reviewing and
critiquing proposed diagnostic criteria for this condition,
exploring its clinical significance, and considering alter-
nate constructs. We make the points that age-related
memory changes can be conceptualized in a number of
different ways and that different constructs, associated
with different sets of diagnostic criteria, are appropriate
for different purposes. We consider the prime distin-
guishing feature of currently available constructs to be
the comparison group (young adults or the elderly indi-
vidual’s age peers) with reference to which memory is
compared, approaches that we see as relevant to the study
of normal aging and pathological aging, respectively.

We then undertake a brief review of the characteristics

of individuals who exhibit age-related memory changes
and explore some possible biological bases for these condi-
tions. Finally, we discuss some principles and practical con-
siderations relating to clinical memory assessment in el-
derly individuals and describe some of the tests available for
this purpose.

Background

Solid, converging evidence exists from a variety of sources
that some otherwise healthy, normally aging individuals
experience a deterioration in memory as they grow older
(Kaszniak et al. 1986; Poon 1985). The literature of experi-
mental psychology suggests that this decline typically af-
fects secondary memory, also known as long-term or recent
memory, more than it affects primary (short-term or immedi-
ate) memory or tertiary (remote) memory (Schacter et al.
1991). Age effects also sometimes appear in working mem-
ory (Baddeley 1986), tasks that require the individual not
only to hold information in mind for a short time, but also
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to perform some mental operation on that information or
perform another task simultaneously (Bromley 1958;
Craik 1977; Dobbs and Rule 1989; Salthouse et al. 1989).

The net main effect of these changes is to reduce the
ability to encode new information into memory, hold it
over time, and recall it after an interval. Although the pro-
cesses involved in remembering, particularly encoding and
retrieval, become less effective as we grow older, the con-
tent of our memories—our knowledge base—can continue
to increase (Perlmutter et al. 1987). Older people may,
therefore, perform nearly as well as young people on tests
such as digit span (in which information need only be held
temporarily in a short-term memory store) or on tests as-
sessing general knowledge or vocabulary (which assess
well-learned factual or semantic knowledge rather than
memory for specific events). Older people are likely to per-
form less well on tests such as backward digit span or de-
layed recall of recently presented material exceeding their
immediate memory spans.

Psychometric evidence confirms that the decline of
memory with increasing age is of substantial proportions.
Performance on standard tests of secondary memory de-
clines with age such that the norms for people 70–74 years
old on the Wechsler Memory Scales (WMS-R [Wechsler
1987]; WMS-III [Wechsler 1997b]) call for scores up to
50% lower than those expected of young adults, and fur-
ther declines are seen in individuals age 75 and older (Ivnik
et al. 1992b). Age seems to have a more deleterious effect
on the subtests involving memory for nonverbal material
than on memory for verbal material, recall is more affected
than recognition memory, recollection of detail declines
more than recall of the general theme in memory for narra-
tive, and the decline on verbal list learning is greater than
that for narrative recall (Wechsler 1997b).

In the clinical literature, the phenomenon of “benign
senescent forgetfulness” (Kral 1958) has been recognized
for more than 30 years. The disorder was described as be-
ing the forgetting of details of events without loss of aware-
ness of the events themselves. Remote memories were
more affected than recent memories and people who had
this disorder were aware of their problem and attempted to
compensate for it. Kral et al. (1964) thought that this rela-
tively mild and inconsistent memory impairment was
nonprogressive and originally attributed it to normal aging
(Kral 1962). They distinguished it in these respects from
the “malignant” forgetfulness of the organic amnestic syn-
drome and dementia.

However, although this general picture is easily dis-
cerned and consistent from several viewpoints, the details
are less clear and more controversial. In one view, for exam-
ple, age-related changes in memory are secondary to other

cognitive changes. Thus, reduced speed of information
processing with increasing age has been held to play a ma-
jor role in the memory changes associated with aging and
accounts for a substantial proportion of age-related vari-
ance in memory tasks (e.g., Luszcz et al. 1997; Salthouse
1996). Similarly, Craik (1990, 1991; Craik and Jacoby,
1996) has argued that the degree of age-related impair-
ment on memory tasks depends on the degree to which the
task demands more active, less routine, and more internally
organized processing on the part of the subject rather than
on the type of memory involved. Older subjects have more
difficulty with, or are less inclined to use, this kind of pro-
cessing and perform less well on tasks that require it.

Other studies have highlighted the relationship be-
tween age-related memory changes and the executive func-
tions subserved by the frontal lobes. The frontal lobes may
be particularly vulnerable to aging both structurally
(Coffey et al. 1992) and functionally. Frontal lobe functions
have been reported to be impaired in individuals with
AAMI (Hallikainen et al. 1995), and some organizational
aspects of memory test performance in the elderly resem-
ble that of younger individuals with frontal lobe lesions
(Stuss et al. 1996). Age-related changes in source memory,
which has been related to frontal lobe function, have also
been reported (Degl’Innocenti and Backman 1996), and
performance on tests of executive function explains a sig-
nificant amount of age-related variance in memory test
scores (Troyer et al. 1994).

Certainly, some of the factors that affect the degree of
age-related decline on memory test performance affect
performance on other cognitive tasks in a similar way. For
example, the differential difficulty of verbal and visuo-
spatial memory tests for elderly patients is mirrored in dif-
ferential rates of decline on the verbal and performance
subtests of the Wechsler Adult Intelligence Scales
(WAIS-R [Wechsler 1981]; WAIS-III [Wechsler 1997a]),
and it may be that the decline in visuospatial memory can be
more usefully regarded as a facet of impaired visuospatial
ability rather than as a problem primarily of memory (Koss
et al. 1991). Similarly, the changes in working memory may
be regarded primarily as information-processing deficits
rather than as memory impairments, per se, and the age ef-
fect seems to appear only when certain kinds of processing
are required (Salthouse et al. 1991).

In this view, memory can be regarded as just one aspect
of cognition, an emergent property of the human informa-
tion processing system, which, like other aspects of cogni-
tion, is affected by changes in the efficiency of that system.
For a further review of these and other resource theories,
see A. D. Smith (1996). The implication is that we may
learn more about age-related changes in cognition if we do
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not think of them as changes in memory, perception, atten-
tion, and so on, but instead attempt to analyze the memory,
perceptual, and attentional tests we use to identify the in-
formation-processing requirements involved. Neverthe-
less, the important end-product for the clinician is that
memory, as assessed by clinical memory tests, declines with
age in well-established ways.

Just as the magnitude of the age-related decline in
memory and the nature of the underlying cognitive pro-
cesses affected are less well established than the fact of a de-
cline in memory performance, so the defining characteris-
tics, epidemiology, and clinical significance of benign
senescent forgetfulness have not been well delineated al-
though the existence of the disorder is recognized. Kral
(1958) described some of the characteristics of his subjects’
forgetfulness, but he did not define operational criteria for
diagnosing the disorder and he did not objectively quantify
the impairment. Although he initially regarded the disor-
der as a part of normal aging (Kral 1962), his subjects were
nursing home residents and patients in a psychiatric hospi-
tal. More than half of them exhibited neurological signs
suggesting lesions in the brain, as did nearly half of his un-
impaired subjects. His subjects were thus certainly not
drawn from a “normal” population, and Kral himself
subsequently speculated (Kral et al. 1964) that benign
and malignant forgetfulness might differ only in degree
and both might be reflections of a single underlying
pathological process. Of course, this would not necessar-
ily make them “abnormal” if the “usually aging” individ-
ual who exhibits the range of physiological and even
pathological changes typically associated with aging (D.
B. Caine et al. 1991), rather than the optimally healthy
“successfully aging” individual (Rowe and Kahn 1987), is
accepted as the norm.

Constructs of Age-Related
Memory Decline

Definitions

Before discussing the specific construct of AAMI (Crook et
al. 1986a) in detail, we need to define some of the terms
used in this chapter. Our purpose in doing so is emphati-
cally not to introduce yet more terms into the literature; we
only wish to simplify communication for the purposes of
this review. Many of the apparent disagreements about
age-related memory changes are attributable to the incon-
sistent use of terms. To this end, age-associated memory im-
pairment (AAMI) is used in this chapter strictly as defined
by Crook et al. (1986a) and designates only phenomena

meeting all the National Institute of Mental Health
(NIMH) work group’s diagnostic criteria. We also at times
refer separately to the NIMH “psychometric criteria for
AAMI.” By these we mean the conditions set out in criteria
c, d, and e, which define memory impairment but not the
population eligible for diagnosis (see next section). We also
make a general distinction between “age-appropriate for-
getfulness,” implying a decline in memory from young
adult levels (of which AAMI is a specific example), and
“age-inappropriate forgetfulness,” implying memory im-
pairment in comparison with age peers. The distinction
between age-appropriate and age-inappropriate forgetful-
ness was recognized by Blackford and La Rue (1989) in
their definitions of age-consistent memory impairment
(ACMI) and late-life forgetfulness (LLF), the terms
apparently being chosen for their similarity to those des-
ignating the similar constructs of AAMI and benign se-
nescent forgetfulness, respectively; but we use their
terms only to refer to phenomena meeting their specific
diagnostic criteria. Finally, we use the general phrase
age-related memory decline as an all-embracing, vaguely
defined term to refer to any and all changes in memory
allegedly associated with aging.

Diagnostic Criteria for
Age-Associated Memory Impairment

The construct of AAMI was introduced by an NIMH work
group (Crook et al. 1986a). It was the group’s declared in-
tention to facilitate communication and stimulate research
into late-life memory loss, particularly its treatment, by in-
troducing research diagnostic criteria, with the expecta-
tion that the criteria would be modified as research in the
area developed. Modifications have indeed been suggested
(Blackford and La Rue 1989; Larrabee and McEntee 1995,
1996; Rosen 1990; G. Smith et al. 1991), but have not yet
been universally agreed on. The NIMH work group made
a great contribution by providing a focus for discussion and
emphasizing the importance of a detailed operational defi-
nition of the construct with which they were dealing. Their
original criteria for AAMI are summarized as follows:

a. Age 50 years or over;
b. Complaint of memory loss affecting everyday func-

tioning with gradual onset;
c. Memory test performance at least 1 SD below the

mean established for young adults on a standardized
test of secondary memory with adequate normative
data;

d. Adequate intellectual function as determined by a
scaled score of at least 9 on the Vocabulary subtest of
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the Wechsler Adult Intelligence Scale (WAIS)
(Wechsler 1955);

e. Absence of dementia as determined by a score of 24
or higher on the Mini-Mental State Exam (MMSE)
(Folstein et al. 1975); and

f. Exclusion criteria including absence of a number of
medical conditions, depression, risk factors for
stroke, history of repeated minor or single major
head injury, drug or alcohol abuse, or recent use of
psychotropic medications that might affect cognitive
function together with, in many cases, guidelines for
determining whether these conditions were present.

Also, it should be noted that this definition of
age-associated memory impairment differs from Kral’s con-
cept of benign senescent forgetfulness (Kral 1958) in several
important respects. First, these criteria are attempting to
capture a different phenomenon than that described by
Kral, and the comparison group is different in the two
cases. The AAMI criteria define impairment with respect to
healthy young adult levels, not to those of the older individ-
ual’s age peers as was implied in the description of benign
senescent forgetfulness. Thus, it would logically be possi-
ble for all older individuals to meet criteria for AAMI, by
exhibiting poorer memory than young adults, without ex-
hibiting benign senescent forgetfulness in the sense of
poorer memory than would be expected of a psychiatrically
healthy older individual. Conversely, except for those who
failed the AAMI exclusion criteria (including at least 53%
of Kral’s original group), cases of benign senescent forget-
fulness would generally meet criteria for AAMI unless the
clinical evidence of forgetfulness was not substantiated by
poor performance on standardized memory tests. In prac-
tice, this is probably relatively infrequent if the judgment is
based on a reasonably thorough clinical evaluation and not
just a subjective report of memory impairment. With these
provisos, benign senescent forgetfulness can be regarded as a
subset of age-associated memory impairment, but the terms
are not equivalent.

Second, the term age-associated memory impairment is
“non-specific with regard to etiology and does not neces-
sarily imply that the disorder is non-progressive” (Crook et
al. 1986a, pp. 269–270). Thus, patients whose memory im-
pairment is subsequently shown to be the earliest stage of a
dementing illness are not necessarily excluded from the
category of AAMI, and it is sensible to ask how often AAMI
is, in fact, a dementia prodrome. This also implies that
AAMI is not necessarily to be regarded as nonpathological,
although the lengthy and detailed exclusion criteria clearly
indicate that Crook and his colleagues had an optimally
healthy cohort in mind when they defined it.

Utility of the Construct of
Age-Associated Memory Impairment

The construct of AAMI can be criticized on several
grounds. First, is the phenomenon it attempts to iden-
tify—decline from presumed young adult levels rather
than an age-inappropriate impairment of memory relative
to older individuals’ age peers—the appropriate one to de-
fine? Second, if so, do the proposed criteria actually cap-
ture it clearly? Third, is the term age-associated memory im-
pairment appropriate, and should it be regarded as a
diagnosis? Finally, although the specification of diagnostic
criteria has undoubtedly helped clarify some issues, is a fo-
cus on classification and diagnosis the best way of investi-
gating and describing the changes in memory associated
with aging?

When we rate the memory of elderly people, should
we compare their memory with the presumably better
memory of young adults as Crook et al. (1986a) suggested,
or should we compare older adults with each other to iden-
tify a subgroup with poorer memory more in the spirit of
Kral’s benign senescent forgetfulness? Both approaches
are feasible and have their merits, but both have practical
and theoretical disadvantages. Only the former approach
can tell us whether the memories of older people are, in
fact, worse than the memories of younger people. How-
ever, it is difficult to be sure that the memory of a given
older individual has changed over time without reference
to test scores obtained from that individual in youth.
Cross-sectional studies comparing older individuals’ data
with normative data collected from young people suffer
from the obvious risk of cohort effects, as well as the more
general problems involved in referencing performance to
published norms based on populations whose demograph-
ics are incompletely specified or frankly different. Con-
versely, only the latter approach can tell us whether an indi-
vidual has an abnormally poor memory given his or her age,
but normative data on cognitive test performance in the
old-old has, until recently, been virtually nonexistent, al-
though some progress is being made in this regard. A num-
ber of studies from the Mayo Clinic, for example, are useful
in the psychometric assessment of the elderly (Ivnik et al.
1992a, 1992b, 1992c), and the most recent version of the
Wechsler Memory Scale (WMS-III) (Wechsler 1997b) in-
cludes norms for individuals up to 89 years old.

As is often the case, the answer depends on what ques-
tion one is interested in. Arguing for the “decline from
young adult” model, Crook and Ferris (1992) pointed out
that elderly people typically complain that their memories
are worse than they used to be, not that their memories are
worse than those of their age peers, and that the decline is
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sufficiently common and sufficiently severe to justify ther-
apeutic trials, whether it is normal or not. These research-
ers compared the situation to other conditions, such as
presbyopia, which are “defined by reference to normative
standards for young adults and . . . so common among the
elderly as to be considered ‘normal.’ Nevertheless, few cli-
nicians would compare the vision of an 80-year-old with
norms established for other people of the same age and pre-
scribe corrective lenses only to those whose visual perfor-
mance falls outside those norms” (Crook and Ferris 1992,
p. 714). If the primary purpose is to select subjects for trials
of treatments for a potentially normal age-related decline
in memory, the NIMH concept of AAMI is appropriate
and the strict exclusion of other possible causes of memory
impairment is necessary.

Alternative Approaches to
Age-Related Memory Decline

On the other hand, if one is interested in defining a disease
state, identifying a dementia prodrome, or performing
clinical evaluation of the mass of elderly individuals who
are referred for neuropsychological assessment, the “im-
paired relative to age peers” approach may be more appro-
priate or, at least, provide a useful additional conceptual
framework. Several different ways of defining an age-inap-
propriate memory impairment have been proposed, and,
where the evidence is available, these do seem to identify
abnormal memory functioning, although whether the con-
dition is benign has not been conclusively established. In
this vein, Larrabee et al. (1986) identified individuals with
“senescent forgetfulness” on the basis of memory test per-
formance significantly worse than performance in other
cognitive domains and significantly below an age-resid-
ualized mean (i.e., they conceptualized it as an age-atypical
deficit specific to memory without necessarily implying
change from a higher level earlier in life). Senescent forget-
fulness defined in this way did not seem simply to be one
end of a continuum of memory function because memory
test performance in their sample was bimodally distrib-
uted, raising the possibility of some causative disease pro-
cess. Larrabee and Crook (1989) also identified a subgroup
of AAMI subjects whose performance on more ecologically
valid, everyday memory tests was impaired relative to an
age-residualized mean. In both studies, the prevalence of
age-inappropriate memory impairment actually increased
with increasing age, suggesting that the pathological pro-
cess involved, if any, is age related. Larrabee and Crook
(1989) also pointed out that their age-residualized,
cross-sectional data suggest that this form of memory im-
pairment is not evenly distributed across the adult age

range (i.e., those individuals who are shown to be abnor-
mally forgetful after age 65 are not all likely to have been
abnormally forgetful earlier in life).

Clinical Significance of
Age-Inappropriate Forgetfulness

The value of the construct of an age-inappropriate, selec-
tive impairment of memory lies chiefly in its clinical signif-
icance, particularly whether it is a correlate of disease and
whether it is truly benign or heralds an impending demen-
tia. The evidence on this point is, as yet, inconclusive, al-
though the topic clearly deserves further investigation.
Larrabee et al. (1986), for example, failed to find any pro-
gression of memory deficit in their subjects with
age-inappropriate “senescent forgetfulness” at 1-year fol-
low-up, whereas Katzman et al. (1989) reported that 37%
of the “functioning individuals with memory impairment
[who] might well have been considered to have benign se-
nescent forgetfulness” in their sample of elderly volunteers
had dementia at 5-year follow-up and Parnetti et al. (1996)
concluded that some subjects with AAMI may have early
Alzheimer’s disease. Further, O’Brien et al. (1992) reported
an intermediate rate of progression to dementia of 8.8% in
a group of 68 patients with benign senescent forgetfulness
followed for an average of 3 years. However, these re-
searchers based the diagnosis of forgetfulness entirely on
subjective report, specifically excluding subjects who
showed objective evidence of memory impairment on psy-
chological tests. This is a different construct from the se-
nescent forgetfulness of Larrabee et al. (1986), which was
objectively demonstrable, and highlights the importance
of the use of comparable terms in diagnostic criteria.

Another important aspect of the concept of
age-inappropriate forgetfulness advanced here and by
Larrabee et al. (1986) is that memory should be selectively
impaired, or at least disproportionately affected, in com-
parison with other cognitive functions. This is another dif-
ference from the NIMH concept of AAMI, in which the
memory impairment could be associated with age-related
decline in other cognitive functions, provided that these
were not sufficient to justify the diagnosis of dementia and
did not substantially affect vocabulary test performance.
The disproportionately severe impairment of memory in
comparison with other cognitive functions may also distin-
guish the concept of age-inappropriate forgetfulness ad-
vanced here in principle, although possibly not in practice,
from other concepts of “mild cognitive impairment not
amounting to dementia” (World Health Organization
1978) or “questionable dementia” as used in the Clinical
Dementia Rating Scale (Hughes et al. 1982) in which the
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preservation of nonmnemonic cognitive functions is either
not required or only implied. More recently, Petersen and
colleagues have proposed broad criteria aimed at identify-
ing individuals with mild cognitive impairment (MCI) who
are thought to be at risk for developing dementia (Petersen
et al. 1996, 1999). These criteria are broadly similar to
age-inappropriate memory decline in that the individual is
required to exhibit a significantly abnormal memory per-
formance compared with age-matched peers with rela-
tively normal general cognitive functioning. Although
there is still considerable uncertainty regarding the diag-
nostic criteria for MCI, it had been reported that individu-
als with MCI progress to Alzheimer’s disease at a rate of
12% per year (Petersen et al. 1999) and that those with fo-
cal memory impairment, and carrying the APOE-epsilon 4
allele, have increased risk of developing Alzheimer’s dis-
ease (Petersen et al. 1996). These conversion rates suggest
that not all individuals meeting MCI criteria progress to
Alzheimer’s disease. Indeed, some individuals appear to re-
main in a plateau for many years, and some may never prog-
ress to dementia (Miceli et al. 1996). On the whole, studies
using these kinds of classifications seem to find rather
higher rates of progression to dementia than those at-
tempting to isolate senescent forgetfulness, although the
line of demarcation is not well defined (Dawe et al. 1992). It
is not certain for example, to what extent the baseline im-
pairment in Katzman et al.’s subjects (1989) was specific to
memory. Although Reisberg et al. (1986) found that the ex-
tent to which subjects deteriorated was dependent on ini-
tial degree of impairment (i.e., the more impaired subjects
tended to show more deterioration), this was based on a
global assignment of “magnitude of cognitive decline”
rather than on an assessment of memory performance in
comparison to other cognitive functions.

The essential difference between the two principal
concepts of age-related memory decline discussed so far
has been the standard against which memory is com-
pared—the young or the healthy elderly. A third approach
is to look for qualitative rather than quantitative differ-
ences between the memory of healthy older individuals and
the other groups of interest. Generally, the memory of in-
dividuals with dementia is much worse than that of healthy
elderly people, but not qualitatively different (Huppert
1994). However, Grober and colleagues (Grober and
Buschke 1986; Grober et al. 1988) have suggested that a
failure to benefit to the normal extent from semantic cuing
may distinguish the memory impairment of dementia and
this, rather than absolute score, may also be a way of identi-
fying age-inappropriate memory impairment in individu-
als without dementia.

The significance of abnormal rates of forgetting

(Cullum et al. 1990), the severity of memory impairment
compared to other cognitive functions (Cullum et al.
1995), overall pattern of neuropsychological test perfor-
mance (Hänninen et al. 1995), and slow rates of learning
(Petersen et al. 1992) have also been emphasized. Although
such studies of qualitative aspects of memory in aging are
important, we do not believe that they should be incorpo-
rated into the diagnostic criteria. The memory of individu-
als with AAMI may be qualitatively different from the
memory of young adults, as well as quantitatively worse;
however, the construct of AAMI is not defined by that dif-
ference.

To summarize, there are two distinct concepts of
age-related memory decline, and both are useful. The con-
cept of a potentially normal age-related decline from
young adult levels envisaged by the NIMH criteria for
AAMI is appropriate for studies of normal aging and mem-
ory. On the other hand, the phenomenon of selective,
age-inappropriate forgetfulness in elderly people does ap-
pear to exist (Larrabee et al. 1986), and this concept is likely
to be more useful in clinical evaluations and research look-
ing for the antecedents of dementia (Barker et al. 1995;
Blackford and La Rue 1989; O’Brien and Levy 1992; G.
Smith et al. 1991).

Applicability of the
Original Diagnostic Criteria for
Age-Associated Memory Impairment

Several criticisms of the NIMH criteria for AAMI
(Bamford and Caine 1988; Barker et al. 1995; Blackford
and La Rue 1989; O’Brien and Levy 1992; Rosen 1990; G.
Smith et al. 1991) were reviewed in detail in the first edition
of this volume. As Larrabee and McEntee (1995) have
pointed out, many of these criticisms referred to psy-
chometric problems that have psychometric solutions, and
these issues have become less contentious in the last 5 years.
Nevertheless, the issue of precise diagnosis is so important
that we review these criticisms briefly here. The reader is
referred to the earlier version of this chapter (Ratcliff and
Saxton [1994]) and to Larrabee (1996) and Larrabee and
McEntee (1995) for further discussion.

First, the criticism of memory test performance 1 SD
below the mean for young adults does not make adequate
provisions for individuals whose memory functioning as a
young adult was substantially above or below average. The
former could experience significant deterioration in mem-
ory without meeting criteria for AAMI, whereas the latter
would meet criteria on reaching age 50 without necessarily
experiencing any decline in memory. Similarly, the inclu-
sion criteria of a vocabulary score of at least 9 renders
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around half of normal adults over the age of 70 ineligible
for the diagnosis, and no a priori reason seems to exist to
suppose that individuals whose level of intellectual func-
tioning is in the lower half of the average range should not
experience age-related declines in memory.

Several authors have suggested ways of overcoming
these problems by adjusting memory test scores for pre-
sumed level of intellectual function using vocabulary or ed-
ucation as an index and comparing the memory of older in-
dividuals with that of young people of an equivalent
intellectual level (Goodman and Zarit 1994; Larrabee
1996; Larrabee and McEntee 1995; Ratcliff and Saxton
1994; Rosen 1990). Generally, the effect of these modifica-
tions has been to identify a group that seems to reflect the
intended construct of AAMI more effectively than the
original criteria.

Other criticisms involve the connotation of the term
“impairment” in this context (G. Smith et al. 1991), the ex-
clusion of individuals with medical conditions that may be
normative in the elderly (Malec et al. 1993; Ratcliff and
Saxton 1994), and the use of an MMSE score of 24 as a cut-
off for dementia (Ratcliff and Saxton 1994).

A final main criticism of the original NIMH criteria in-
volves the requirement for complaints of memory loss af-
fecting everyday life with gradual onset and without sud-
den worsening in recent months, and this deserves
discussion in more detail. Subjective report of memory im-
pairment has been associated with depressed mood (Kahn
et al. 1975; Popkin et al. 1982), neuroticism (Poitrenaud et
al. 1989), age stereotypes of failing memory to which the
complainant subscribes (Scogin et al. 1985; Zarit et al.
1981), and self-reported health status and number of func-
tional limitations (Cutler and Grams 1988), as well as ac-
tual memory impairment (Zelinski et al. 1980).

The frequency with which older individuals “com-
plain” of memory problems is probably also crucially de-
pendent on how the question is asked. Only about half of
Cutler and Grams’s 14,564 subjects (1988) reported trou-
ble remembering things “frequently” or “sometimes” as
opposed to “rarely” or “never,” whereas Sunderland et al.
(1986) reported a “universal belief” among their elderly
subjects that their memories failed them more frequently
“now” than “when age 30.” Sunderland and colleagues did
find evidence of age-related memory impairment on objec-
tive tests in their group, but the frequency of reported
memory failures was related to performance on only a few
of the memory tests, and very few subjects regarded mem-
ory failures in everyday life as “even a minor handicap.”
Sunderland et al. (1986) also reported only moderate
agreement between different subjective methods of mem-
ory assessment, and their questionnaire (although carefully

designed and based on one that had been used effectively
with younger individuals with memory impairment result-
ing from head injury and with their families [Sunderland et
al. 1983]) showed low test-retest reliability. Even though
studies involving clinical samples show more relationship
between complaint and performance than do commu-
nity-based studies, and progress is being made in the design
and selection of appropriate instruments (Zelinski and
Gilewski 1988), these observations cast serious doubt on
the validity of current methods of subjective memory as-
sessment and imply that subjective complaints of memory
impairment should not be uncritically accepted at face
value. Nevertheless, they may have a place in the diagnostic
criteria for age-related memory decline.

Larrabee and McEntee (1995) point out that the re-
quirement of both subjective complaint and objective defi-
cit may exclude, on the one hand, those individuals who
have always functioned at the low end of the normal range
throughout adulthood but had noticed no recent decline in
memory; whereas, on the other hand, individuals who re-
port memory impairment secondary to psychological fac-
tors will not meet the objective-memory test criterion.
Neither group constitutes having age-related memory de-
cline. In support of this argument, Larrabee and McEntee
quote the data of Koivisto et al. (1995), who found in a large
epidemiological study that 76.3% of their sample reported
subjective memory impairment and 78.4% were im-
paired on objective tests, but only 53.8% met both crite-
ria. This appropriate self-exclusion of relatively low-
functioning individuals whose memories have not de-
clined probably occurs on a less formal basis in clinical
practice, as it is the perception of memory loss rather
than poor memory test performance that usually brings
patients to the clinic.

It should also be noted that laboratory memory tests
may not themselves be good predictors of real-life memory
function. Thus, the failure to find correlations between
subjective report of memory impairment and poor perfor-
mance on standard memory tests may be attributable to the
fact that laboratory memory test performance does not re-
flect the everyday memory abilities that are accurately re-
ported by the subjects. In at least one study (Larrabee et al.
1991), good correlations were obtained between perfor-
mance on a battery of computerized memory tests inge-
niously designed to simulate everyday memory functions
(Crook et al. 1986b) and responses to a subjective memory
questionnaire with good psychometric properties (Crook
and Larrabee 1990). Unlike many previous authors, Crook
and Larrabee did not find that subjective memory com-
plaint was related to depressed mood. Nevertheless, in
spite of this result, subjective reports of memory impair-

Age-Associated Memory Impairment 171



ment are currently so difficult to interpret that they should
be treated with extreme caution.

Differential Sensitivity of Memory Tests

Even if general diagnostic criteria are agreed upon, the dif-
ferential sensitivity of different memory tests to aging indi-
cates that the particular test used will determine the size of
the population defined. G. Smith et al. (1991) found that at
least twice as many of their two groups of elderly subjects
met NIMH psychometric criteria for AAMI when a less
verbal memory test—Visual Reproduction from the
Wechsler Memory Scale (Wechsler 1945) or WMS-R,
rather than Logical Memory from the same tests—was
used as the index of memory impairment. Even when two
verbal tests with a different format (Logical Memory and
the Rey Auditory Verbal Learning Test [RAVLT] [Rey
1964]) were compared (Lezak 1983), the proportion of
cases identified varied by a factor of more than 4
(20%–96% in one group and 11%–58% in the other). Sim-
ilar results were reported by Raffaele et al. (1992) with clas-
sification rates varying from 22.7% for immediate Logical
Memory to 53% for delayed Visual Reproduction. The
general tendency is for more subjects to be classified as
“impaired” by visuospatial tests than by verbal tests, by de-
layed recall than by immediate recall, and, at least within
the verbal domain, by list learning tasks than by narrative
recall. The difference in sensitivity appears to be attribut-
able partly to the modality involved, but also to the
psychometric properties (e.g., ceiling effects) of the tests
themselves (Raffaele et al. 1992).

Blackford and La Rue (1989) addressed the issue of dif-
ferential sensitivity of memory tests by requiring that the
test battery include at least four memory tests and recom-
mended a number of instruments from which the clinician
may select. They defined three levels of impairment on the
basis of such a battery: AAMI (performance at least 1 SD
below the mean established for young adults on one or
more tests); ACMI (performance within + 1 SD of the
mean established for age on 75% or more of the tests ad-
ministered); or LLF (performance between 1 and 2 SD be-
low the mean established for age on 50% or more of the
tests administered). Although this reduces the problem of
differential sensitivity, it does not eliminate it, as studies us-
ing, for example, the four secondary memory tests from the
WMS-R would still be expected to yield different rates of
LLF than would those including a list learning task like the
RAVLT.

A possible compromise is to use a composite score
based on the weighted averages of scores on a group of indi-
vidual tests (rather than looking at the percentage of tests

on which performance falls below a certain level). The
General Memory Index and Delayed Recall Index derived
from the WMS-R are based on such weighted averages of
four tests, including both verbal and nonverbal material,
and a composite score based on these tests is considerably
more sensitive than each of the component tests individu-
ally (G. Smith et al. 1991). Though it may be premature to
specify the particular tests that should be used in assessing
age-related memory decline as G. Smith et al. (1991) sug-
gested, the WMS-R meets some of the requirements and
has the advantages that it is widely used and that normative
data for the older old are becoming available.

Age-Associated Memory
Impairment as a Diagnostic Entity

It was not the stated intention of the NIMH work group to
imply that AAMI was a disease or that it was necessarily ab-
normal or that it had a known and defined pathological ba-
sis for which a diagnostic laboratory test might, in princi-
ple, be developed. Instead, as stated above, they proposed
to introduce a “diagnostic term” (Crook et al. 1986a) and
associated diagnostic criteria to facilitate communication
and promote research, particularly into pharmacological
treatment for the condition they defined. Nevertheless, a
number of subsequent authors have objected to the term on
the grounds that it does imply a clinical diagnosis, which in
turn implies a disease, although the phenomenon it de-
notes does not merit such a status (Bamford and Caine
1988; O’Brien and Levy 1992; Rosen 1990). Perhaps be-
cause of these kinds of criticism, future diagnostic systems
are likely to modify the construct (Caine 1992), distin-
guishing between age-appropriate and age-inappropriate
impairments on the one hand and between those associated
with and independent of other systemic or central nervous
system disease on the other.

Even if AAMI (or LLF or any other form of age-related
memory decline) does constitute a diagnostic entity, one
can ask whether the construct is appropriately named and
whether it is likely to be useful. Just as the term benign senes-
cent forgetfulness can be criticized because it is not clear that
the implication of nonprogression is necessarily justified,
so the term age-associated memory impairment has been criti-
cized because impairment connotes abnormality, which is
not a necessary part of the AAMI construct (G. Smith et al.
1991). Decline or loss, which connote deterioration from a
previously higher level but not abnormality, might be
better. Ironically, the more descriptive and less evaluative
term forgetfulness has been used in two contexts (benign se-
nescent forgetfulness and late-life forgetfulness) in which ab-
normality is implicitly or explicitly involved.
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Possible Biological Bases of
Age-Related Memory Decline

A number of neuroanatomical and neurochemical changes
are known or suspected to occur with aging, and some of
these might plausibly be related to deterioration in mem-
ory. Modest age-related decreases are known to occur in
the size of the mammillary bodies (Raz et al. 1992) and tem-
poral lobe structures (Coffey et al. 1992). Both these brain
areas are known to be involved in memory. Hippocampal
volume has been reported to be correlated with memory
test performance in psychiatrically normal elderly subjects
(Golomb et al. 1994) and to be reduced in patients with am-
nesia (Press et al. 1989) and in patients with Alzheimer’s
disease (Kesslak et al. 1991; Seab et al. 1988), although Seab
and colleagues did not find that the degree of atrophy was
related to severity of memory impairment. The possible re-
lationship to frontal lobe function is discussed above. It is
also noted above that the majority of the elderly are not
completely healthy, and a wide range of comorbidities
probably influence memory and other cognitive functions
in the elderly. We have found, for example, that individuals
with cardiovascular disease even at subclinical levels
(Kuller et al. 1994) performed less well on memory tests
and on tests of speed, attention, and working memory than
did those free of such disease. Cognitive test performance
was also related to relatively rare diseases such as diabetes
and emphysema. Poor performance on tests of attention,
visuospatial ability, and delayed recall from the WMS-R
was also associated with history of bypass surgery.

The presence of the APOE-epsilon 4 allele may help
distinguish the small subset of individuals whose memory
impairment may represent an early, monosymptomatic
stage of Alzheimer’s disease (Blesa et al. 1996; Petersen et
al. 1995). White matter changes documented by computed
tomography or magnetic resonance imaging are a frequent
incidental finding in the elderly (Coffey et al. 1992).
Whereas some authors have found that these are both more
severe and related to severity of cognitive impairment in
individuals with dementia, this is certainly not universally
agreed to be the case (Kozachuk et al. 1990). Similarly,
changes in cholinergic neurotransmitter systems are well
documented in Alzheimer’s disease and may also be found
in normal aging (Morgan 1992). These changes have been
suggested as a possible basis for AAMI (Bartus et al. 1982).
Crook and Larrabee (1988) have reviewed other potential
underpinnings of AAMI and recommended trials of
pharmacotherapy on this basis, although this approach has
not been generally agreed upon.

These and other potential causes of AAMI deserve fur-
ther study, but to date we are not aware of a consistent body

of empirical evidence that conclusively links age-related
memory decline to specific neurochemical or anatomical
changes. In the search for such evidence, it will be neces-
sary to bear in mind the distinctions between age-
appropriate and age-inappropriate forgetfulness and, con-
sequently, to look for correlates in both successfully and
unsuccessfully aging individuals.

Future Research Strategies

The availability of diagnostic criteria for AAMI should not
thwart the pursuit of other goals for aging research or other
approaches to the study of age-related memory decline. As
discussed above, memory can be regarded as an emergent
property of the human information-processing system as
well as a cognitive domain in which an individual may or
may not exhibit impaired functioning. The informa-
tion-processing system could be affected in a number of
different ways, any or all of which could cause the individ-
ual to meet criteria for AAMI but have different theoreti-
cal, prognostic, and, possibly, therapeutic implications. A
different kind of research focused on the processes in-
volved in remembering is required to determine what
age-related memory decline is, rather than simply whether
it is present in a given individual.

We also need to supplement AAMI-oriented research
with studies of aging individuals in which some form of
psychometrically defined age-related memory decline is
the independent variable and medical conditions, demo-
graphics, and subjective report are treated as dependent
variables rather than as exclusion criteria. Certainly, it is
important to know what proportion of the community-
resident elderly exhibits a decline in memory and, for those
that do, what the typical causes or, at least, correlates of that
decline are. As we have seen, the NIMH exclusion criteria
render a large proportion of the population ineligible for
the diagnosis of AAMI, and many of these individuals do
not exhibit memory impairment in spite of the “threats to
memory” (G. Smith et al. 1991) represented by the condi-
tion causing their ineligibility. Conversely, it is likely that
some of the ineligible individuals who do exhibit memory
impairment do so because of age-related changes, rather
than because of their medical conditions. It is our impres-
sion that, in community samples, rather than patient
groups, the adverse effect of medical and psychiatric illness
on cognition is minimal, although it may be demonstrable
in large group studies. In our sample of community-
resident elderly individuals (described above), we evalu-
ated self-reported depressive symptomatology in the pre-
vious week using the Center for Epidemiological Studies
Depression Scale (CES-D) (Radloff 1977) and assessed
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memory using the WMS-R. Although a significant corre-
lation was found between depression score and Delayed
Recall weighted raw score, this accounted for less than 3%
of the variance. Furthermore, individuals with CES-D
scores exceeding a conventional cutoff score of 17, raising
the possibility of clinically significant depression, were
found only slightly more frequently among individuals
meeting psychometric criteria for AAMI (11% compared
with 7% of individuals not meeting these criteria).

Clinical Memory Assessment
in the Elderly

The way in which the clinician investigates the memory of
the elderly patient and the thoroughness of the assessment
will depend on the purposes and circumstances of the eval-
uation. It is clear that the assessment must involve some
form of objective memory test, rather than relying on sub-
jective report. The minimum requirement for such a test is
that it involve the delayed recall of recently presented in-
formation and be sufficiently difficult that it is not subject
to a marked ceiling effect. The word list learning test used
by the Consortium to Establish a Registry of Alzheimer’s
Disease (CERAD) (Morris et al. 1989) meets these mini-
mal requirements, but the three words from the MMSE
(Folstein et al. 1975) do not, as the test is too easy to be sen-
sitive to mild or even moderate memory impairment. Pref-
erably, the test should also involve multitrial learning as
well as memory, providing a way of comparing the ability to
encode, retain, and recall information (e.g., immediate and
delayed recall trials); use both verbal and nonverbal mate-
rial; and have norms for elderly individuals. A combination
of measures is probably required if all these requirements
are to be met adequately, and some suggestions were made
by Blackford and La Rue (1989). A selection of memory
tests was also reviewed by Lezak (1983) and by Spreen and
Strauss (1998), and the subject was discussed more exten-
sively in Clinical Memory Assessment of Older Adults by Poon
(1986).

Although it is not ideal, our usual practice is to base
routine memory assessments on the Logical Memory and
Visual Reproduction subtests of the WMS-R or WMS-III
supplemented by a learning task, typically the RAVLT or
the revised version of the Hopkins Verbal Learning Test
(Benedict et al. 1998). As noted above, the WMS-R and the
WMS-III go some way toward overcoming the problem of
differential sensitivity of different tests by providing sum-
mary scores based on the weighted averages of subtests in-
volving immediate and delayed recall of verbal and nonver-

bal material. It is true that the more age-sensitive
list-learning type of task is underrepresented in these
weighted averages, but this is partially compensated by the
fact that the Logical Memory subtest (recall of short pas-
sages of prose, similar to news items) weighs heavily and is
one of the more ecologically valid memory tests in com-
mon clinical use (Sunderland et al. 1983). If prediction of
everyday memory function is crucial, however, it would be
more appropriate to use the Rivermead Behavioral Mem-
ory Test (Wilson et al. 1985) or a research instrument of
the kind described by Crook et al. (1986b). The WMS also
allows one to compare verbal and nonverbal memory, al-
though the tests are not terribly well matched. Norms for
the older old are now available for the WMS-R (Ivnik et al.
1992b) and are included in the manual for its recent succes-
sor, the WMS-III (Wechsler 1997b). We do not yet have
sufficient experience with the WMS-III to form a definite
opinion, but it is likely that similar considerations will ap-
ply, although the test, while improved in several respects, is
more cumbersome to use and it may be more efficient to ex-
tract relevant subtests. If so, we would recommend substi-
tuting the RAVLT for the list learning and paired associate
subtests of the WMS-III on the grounds of greater sensitiv-
ity. The addition of a Working Memory Index may also
prove very useful.

Summary scores should be used with caution because
information is lost and important discrepancies between
individual component scores can be concealed. Neverthe-
less, summary scores can be convenient and, when one is
required, we favor the Delayed Recall weighted raw score
over the Immediate Recall weighted raw score because it
incorporates a delay and can be expected to be more sensi-
tive to memory impairment in general and age-related
memory decline in particular. We prefer the weighted raw
scores in some circumstances to the indexes, which can be
derived from them, because the former are not age cor-
rected so that an individual’s scores can be compared with
other individuals of any age.

We also find the Rey-Osterrieth Complex Figure
(ROCF) (Osterrieth 1944; Rey 1941) to be extremely use-
ful. It is our practice to administer copy, immediate, and
30-minute delayed recall conditions because the compari-
son of performance on all three stages provides a wealth of
information. For individuals too impaired to complete the
original ROCF, we have developed a simplified version and
have published norms for healthy elderly and individuals
with Alzheimer’s disease (Becker et al. 1987; Saxton and
Becker, in press).

Finally, we usually use the delayed recall scores rather
than a forgetting score calculated by subtracting delayed
from immediate recall because we believe that, in most
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populations, it will be more sensitive to memory impair-
ment without sacrificing specificity to an unacceptable de-
gree. The rationale is as follows: whatever aspect of mem-
ory is involved (encoding, retrieval, rate of forgetting, and
so on), delayed recall will be affected. It is true that other
disorders (e.g., aphasia) may cause low delayed recall scores
by impairing the ability to process the information to be re-
membered. These disorders can then masquerade as mem-
ory impairments, a state of affairs that could be avoided by
use of an immediate-recall-minus-delayed-recall criterion
that would reveal that the information had not been en-
coded into memory at the outset. However, as the memo-
randa on the WMS-R and most other standardized mem-
ory tests exceed memory span, moderate memory
impairments may affect immediate, as well as delayed, re-
call and therefore would not be fully reflected in an imme-
diate-recall-minus-delayed-recall measure of forgetting.
In community-resident populations, the incidence of false
negatives of this kind is likely to exceed the incidence of
false positives secondary to inability to adequately process
the stimulus material. Further, in clinical evaluations one
should never consider any test score in isolation, always re-
membering that any test, however well designed, can be
failed for multiple reasons. When false negatives do occur,
usually independent evidence of the responsible disorder
will be present to help the clinician interpret the results.

The assessment of memory in the elderly, like
neuropsychological evaluation in all other circumstances,
therefore involves weighing an individual’s current mem-
ory function against the level that would be expected for
that individual on the basis of age, education, and level of
intellectual functioning and against his or her functioning
in other cognitive domains. As we acquire more data on the
natural history of aging and memory and learn more about
the significance of age-inappropriate forgetfulness, we will
be better able to set the balance and interpret the results.

Summary and Conclusions

To what extent does our research and review of the recent
literature enable us to amplify or modify the generaliza-
tions with which we began this chapter? First, the recent
evidence, spurred by the provision of psychometric criteria
for AAMI, confirms that memory test performance is typi-
cally poorer in the elderly than in the young. Age affects de-
layed recall more than it affects immediate recall, and
visuospatial material is typically less well recalled than ver-
bal material. Accordingly, estimates of the prevalence of
AAMI vary widely depending on which kind of material
and what form of test is used. Our view is that the great ma-

jority of elderly people are affected to some degree, but that
the decline reaches significant proportions only in a subset,
the size of which varies widely depending on the criteria
used, and is perceived as a significant problem by only a
small minority.

Second, there is sufficient evidence to justify distin-
guishing age-appropriate and age-inappropriate forms (or
levels) of age-related memory decline. The former, of
which AAMI is an example, represents a normal age- re-
lated phenomenon, whereas the latter, the true descendent
of benign senescent forgetfulness, is by definition abnor-
mal and, possibly, pathological. Whether age-inappro-
priate forgetfulness is progressive, whether it can be distin-
guished from other concepts of mild cognitive decline by
virtue of being specific to memory, and whether it is quali-
tatively different from normal memory or merely worse is
not yet certain. The prevalence of age-inappropriate for-
getfulness is also undetermined, but it is certainly less com-
mon than the age-appropriate form.

Completely satisfactory diagnostic criteria do not yet
exist for AAMI or any other concept of age-related decline
in spite of valiant efforts (Blackford and La Rue 1989;
Crook et al. 1986a). Improved criteria would take an indi-
vidual’s overall level of intellectual functioning or educa-
tional background into account when setting the standard
against which to rate memory, distinguish age-appropriate
from age-inappropriate decline, make reference to the se-
lectivity of memory impairment, modify the requirement
for subjective complaint, and recognize the possibility of a
number of comorbidities, rather than impose rigid exclu-
sion criteria. The last might be achieved by assigning a level
of probability to the diagnosis much as in the research diag-
nostic criteria for Alzheimer’s disease of the National Insti-
tute of Nervous and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders Associ-
ation (McKhann et al. 1984). Because of the varying sensi-
tivities of different memory tests, it may also be necessary
to specify the characteristics of suitable tests, if not actually
require that specific, named tests be used.
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9
Anatomic Imaging of the

Aging Human Brain
Computed Tomography and Magnetic Resonance Imaging

C. Edward Coffey, M.D.

For most of human history, life expectancy
was remarkably stable at about 30–40

years (Cutler 1976, 1979). Within the past 150 years,
however, advances in medical science (particularly the
successful treatment of infectious diseases) have resulted
in a dramatic increase in life span, so that men and women
born in 1980 can now expect to live for an average of 70.0
and 77.5 years, respectively (Rowe and Katzman 1992).
As such, the elderly segment of our population is grow-
ing; the number of persons 65 years old or older increased
8-fold from 1900 (3 million) to 1980 (25 million), and the
number of those over age 75 (the so-called old old) has in-
creased 11-fold during that same time period (from
900,000 to 10,000,000) (McFarland 1978).

The continued expansion of the elderly segment of our
population and a growing awareness of age-related diseases
such as dementia have prompted considerable interest in
the study of the aging human brain. Central to this study
have been efforts to characterize the spectrum and extent of
changes in brain morphology that occur with “normal ag-

ing.” Such normative data are essential for an understand-
ing of “pathological” brain aging in elderly people
(Creasey and Rapoport 1985; DeCarli et al. 1990; Drayer
1988).

Investigations of age-related changes in brain mor-
phology have used two approaches: autopsy studies and
brain imaging techniques. Autopsy studies have found con-
sistent age-related reductions in brain weight and volume
(about 2% per decade), cortical volume, and regional corti-
cal neuronal number (Creasey and Rapoport 1985;
Katzman and Terry 1992; see also Chapter 3 in this vol-
ume). Ventricular dilation has also been reported, and the
variance of measurements of ventricular size appears to in-
crease with age. However, neuropathological measures of
brain morphology are subject to sources of error such as se-
lection bias, technical and fixation artifacts, and the influ-
ences of premorbid illness and cause of death (which may
be different for young versus elderly cohorts). Brain imag-
ing techniques avoid many of these problems and provide
an opportunity to examine brain morphology in healthy
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living subjects, with increasing anatomical resolution.
In this chapter, I review imaging studies that have ex-

amined the effects of aging on brain anatomy. I begin with a
discussion of methodological issues relevant to such inves-
tigations and then summarize findings regarding the ef-
fects of age on brain ventricular and parenchymal struc-
tures. Finally, the potential relationship of these structural
brain alterations to age-related changes in cognitive func-
tion is also discussed.

Methodological Issues Relevant to the
Imaging Assessment of Age-Related
Changes in Brain Structure

Study Design

Imaging studies of brain aging can be designed as either
cross-sectional or longitudinal investigations. In
cross-sectional studies, a single imaging evaluation is per-
formed at roughly the same time on a group of subjects
whose ages differ across a range of interest. Such studies al-
low for relatively rapid, efficient, and economical acquisi-
tion of large amounts of data, and it is not surprising there-
fore that most investigations to date have used a
cross-sectional design. However, cross-sectional studies
may be influenced by secular effects (i.e., the possibility
that brain size exhibits systematic changes over successive
birth cohorts in the general population). For example, suc-
cessive generations may have, on average, larger
parenchymal volumes and smaller ventricular volumes. If
such trends actually exist in the population at large and if
they are not secondary to secular trends associated with
correlates of brain morphology such as cranial size or years
of education, then an assessment of the true effects of aging
on brain size will require longitudinal investigation.

In longitudinal studies, imaging evaluations are re-
peated on the same group of subjects as they age over time.
Such studies are thus free of secular effects, but they are la-
bor intensive and may suffer from significant attrition ef-
fects (i.e., subject dropout may result in a sample at the end
of the investigation that is markedly different from that at
the beginning). Longitudinal studies may also outlive their
usefulness (the period effect); for example, an ongoing
study of ventricular size that began in the era of pneumo-
encephalography would not be of great interest in today’s
world of high-resolution computed tomography (CT) and
magnetic resonance (MR) imaging.

The interpretation of both cross-sectional and longi-
tudinal investigations must also consider the possible influ-
ences of “survivor effects” and heterogeneity within the el-

derly population (Creasey and Rapoport 1985). Survivor
effect refers to the overrepresentation in study samples of
relatively healthy subjects (the survivors) because others
with preexisting illnesses may have died before study entry.
Relative to younger populations, the elderly exhibit greater
heterogeneity in a variety of physiological variables that
could indirectly influence brain structure. In summary,
both cross-sectional and longitudinal study designs have
strengths and limitations: the choice of one approach over
the other will depend on available resources and the spe-
cific aims of the investigation.

Subject Selection

Brain morphology may be affected by variables in the sub-
ject sample that are associated with the aging process (e.g.,
concomitant medical illnesses such as hypertension, diabe-
tes mellitus), as well as by other variables that are relatively
independent of it (e.g., gender, body or head size, handed-
ness, education, socioeconomic status, and psychiatric and
drug-use history). These variables must be considered and
appropriately controlled before conclusions can be
reached about the effects of aging, per se, on brain anat-
omy. It should also be noted that the apparent effects of age
on brain structure may vary depending on the age range of
the sample studied. In general, aging effects have been less
robust in samples with restricted age ranges (Appendixes
9–1, 9–2, and 9–3).

Subject sample. Selection of an appropriate subject
sample is obviously a critically important first step in any
investigation of aging effects on brain morphology. A sam-
ple of healthy volunteers from the community may differ
markedly from a sample of medical or psychiatric patients
with “normal” scans. Although the latter samples provide a
convenient and economical source of readily available im-
aging data, such samples may include individuals with
structural brain changes resulting from causes other than
aging (Coffey et al. 1998). In addition, patient samples are
generally less representative of the variability in brain mor-
phology that exists within samples of healthy volunteers.
As noted above, such heterogeneity is especially great
among the elderly, a finding that may be related in part to
differences between “usual aging” (i.e., no clinically obvi-
ous brain disease) and “successful aging” (i.e., minimal de-
cline in neurobiological function in comparison to that of
younger subjects) (Coffey et al. 1998; Rowe and Kahn
1987).

Thus, even within studies that examine healthy com-
munity volunteers, considerable variability in brain mor-
phology may exist depending on the relative mix of subjects
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with usual versus successful aging. Whenever possible,
studies should attempt to define the extent to which their
subjects fall within these two categories, based in part on
thorough medical, neuropsychiatric, and neuropsycho-
logical evaluations, as well as on correlative assessments of
brain function (e.g., with electroencephalography [EEG],
single photon emission computed tomography [SPECT],
or positron-emission tomography [PET]). Even these
evaluations may fail to identify subjects with various other
conditions that may affect brain morphology, including
those with preclinical disease or with genetic predisposi-
tions to disease. In this chapter, I review those studies that
have for the most part examined healthy volunteers from
the community.

Sample size is also an important factor in interpreting
results—negative findings in studies with relatively small
samples may be a result of low power.

Gender and body size. Women are smaller (i.e.,
shorter and lighter) on average than men are, and, as such,
their heads and brains also tend to be smaller (Gould 1981).
Even within a single-gender study, however, differences in
body or head size among subjects may confound apparent
age-related differences. Although there is no generally ac-
cepted method of correcting for head or body size, this
variable may be taken into account either through subject
matching (e.g., on height), statistical analysis (e.g., analysis
of covariance), or the use of ratio measures (e.g., using
intracranial or total brain size as the denominator) (Appen-
dixes 9–1, 9–2, and 9–3). The latter procedure suffers from
two limitations (Coffey et al. 1998). First, the ratio ap-
proach implicitly assumes that brain size is perfectly corre-
lated with intracranial size. Although the two variables are
highly correlated, the assumption of perfect correlation is
in my view untenable. Second, the ratio approach creates
outcome variables that are necessarily bounded between
zero and one. Such variables may have distributions poorly
suited for linear regression analysis. Even after controlling
for differences in head size, the literature suggests that gen-
der may interact with the aging process to influence
changes in brain structure (see below).

Handedness. Several studies have demonstrated dif-
ferences in regional brain size or symmetry between
right-handed and left-handed (or non–right-handed) indi-
viduals (Kertesz et al. 1992; Witelson 1992). Surprisingly,
only a few investigations of the aging brain have specified
the handedness of their subjects (Appendixes 9–1, 9–2, and
9–3). This variable should be assessed with continuous
quantitative measures (Coffey et al. 1992), and its effects on
brain structure should be controlled either statistically or

through subject inclusion criteria (e.g., limiting the sample
to those subjects with definite motoric lateralization).

Education and socioeconomic status. Imag-
ing studies have reported a relationship between brain
structure and educational level or socioeconomic class
(Andreasen et al. 1990; Coffey et al. 1999; Pearlson et al.
1989b). This relationship may be an indirect one, however,
with both of these variables (and perhaps also IQ) serving as
markers for body or head size (Pfefferbaum et al. 1990).
Studies of brain aging should assess the potential impact of
these variables statistically (Coffey et al. 1992, 1999) or at-
tempt to control them through subject matching proce-
dures when appropriate (Pfefferbaum et al. 1990).

Psychiatric and drug-use history. Alterations
of brain morphology have been described in patients with a
variety of psychiatric disorders, including schizophrenia
(Pfefferbaum et al. 1990), affective illness (Coffey 1996;
Coffey et al. 1990, 1993), and eating disorders (Laessle et
al. 1989). Although some earlier studies failed to specify the
psychiatric histories of their subjects, more recent investi-
gations have appropriately excluded patients with such his-
tories (Appendixes 9–1, 9–2, and 9–3). Alcohol and perhaps
other drug use may also alter brain structure (Cascella et al.
1991; Lishman 1990; Pfefferbaum et al. 1998), but again
studies have varied in the extent to which these factors have
been considered (Appendixes 9–1, 9–2, and 9–3). Although
more recent investigations of brain aging have generally
excluded subjects with substance abuse or dependence, the
effects of subclinical drug or alcohol consumption on
structural brain aging have not been thoroughly assessed.
One major impediment to such efforts has been the inabil-
ity to obtain reliable and accurate data about the extent of
lifetime drug use.

Imaging Technique

Imaging modality. Early imaging modalities pro-
vided only indirect visualization of the human brain by im-
aging either the skull (skull radiography), the cerebral ves-
sels (arteriography), or the cerebrospinal fluid (CSF)
spaces (pneumoencephalography). More recent develop-
ments in computer technology have now made possible in
vivo visualization of brain tissue with imaging techniques
such as CT and MR imaging. These techniques differ in
their safety, anatomical resolution, and sensitivity to tissue
contrast.

X-ray CT images are formed when X rays are passed
through the brain from several different directions. Detec-
tors opposite the X-ray source measure the extent to which
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passage of the X-ray beams has been attenuated by the in-
tervening tissues. Computers relate this information to the
density of the various structures (e.g., CSF, bone, gray mat-
ter, and white matter) and then construct a series of
tomographic images of the brain and cranium.

X-ray CT is a relatively quick and inexpensive imaging
modality, but because subjects are exposed to irradiation
(about 2 rad), serial studies in healthy individuals may not
be possible. The method is also limited by relatively low
spatial and anatomic resolution, partial volume effects (in-
accurate averaging of tissue attenuation values), and
beam-hardening artifact (false elevation of brain CT values
adjacent to the skull). This latter problem limits the preci-
sion with which boundaries can be determined for struc-
tures adjacent to bone, including the temporal lobes, the
apical cortex, or the inferior frontal lobes, regions of great
interest to neuropsychiatrists.

MR images are formed when the alignment of ions (in
medical imaging these are typically protons) in a strong
magnetic field is disrupted by a brief radiofrequency pulse.
When the pulse is terminated, radiofrequency energy is
emitted as the protons become realigned within the mag-
netic field. Computers relate this emitted radiofrequency
energy to various tissue (proton) characteristics, from
which a series of planar or three-dimensional images can be
constructed. Various imaging sequences may be used to ex-
amine different tissue characteristics, resulting in images
that are relatively T1- or T2-weighted. In general,
T1-weighted images provide greater anatomic resolution,
whereas T2-weighted images provide higher contrast and
greater sensitivity to pathological tissue changes.

Relative to CT, MR imaging provides more accurate
structural information because of clear differentiation of
gray matter, white matter, and CSF; the absence of
beam-hardening artifact; and the capability to image in
multiple planes, thereby providing optimal views of re-
gional cerebral structures with less volume-averaging arti-
fact (see below). Additionally, MR imaging has greater
sensitivity to detect pathological tissue, particularly hyper-
intense foci of the subcortical white matter and gray matter
nuclei (subcortical hyperintensity) that occur with increas-
ing frequency in elderly people (Coffey and Figiel 1991).
Because MR imaging does not use ionizing radiation, serial
studies in healthy subjects are possible.

For these reasons, MR imaging appears to be uniquely
suited to the study of age-related changes in brain mor-
phology. It should be noted however, that accurate assess-
ment of brain structure with MR imaging may be affected
by a number of technical factors, including choice of acqui-
sition sequence parameters (affecting tissue contrast), slice
section thickness (adjacent sections that are too thin may

result in overlapping profiles and “cross-talk” artifact), and
magnetic field homogeneity (inhomogeneous fields may
result in spatial distortion of objects and object pixel
nonuniformity) (Jack et al. 1988). Movement artifact may
also be induced by pulsation of blood and CSF, especially in
the limbic system where structures lie in close proximity to
the ventricles and the carotid arteries—such artifact can be
lessened with the use of cardiac-gating and flow-
compensated pulse sequences (Pfefferbaum et al. 1990).
Careful consideration of these methodological issues is
needed to ensure precision of measurement with MR im-
aging. MR imaging is a more expensive and often more
lengthy procedure than CT, and some subjects may be un-
able to cooperate with the long imaging time, especially if
they feel confined by the scanner and develop claustropho-
bia; however, recent advances in imaging technology have
resulted in considerable shortening of scanning time with
MR imaging. Finally, MR imaging cannot be used in sub-
jects who have a pacemaker or intracranial ferromagnetic
objects such as surgical clips. Irrespective of whether CT or
MR imaging is employed, the quality of the images col-
lected may be affected by several factors.

Plane of imaging. The optimal orientation from
which to visualize brain anatomy will vary depending on
the structure of interest. For example, corpus callosum and
medial prefrontal cortex are best seen on midsagittal im-
ages, axial images provide a good view of subcortical white
matter and gray nuclei (i.e., thalamus and basal ganglia),
and coronal sections are required for optimal views of the
temporal lobes and limbic structures. With brain CT, the
plane of imaging is limited by the patient’s position in the
scanner: because typically the patient is supine, axial im-
ages are produced. With MR imaging, the plane of imaging
can be determined simply by programming the magnetic
gradients, making possible images in the coronal, axial, and
sagittal planes, irrespective of patient positioning within
the scanner.

Once the appropriate imaging plane has been selected,
the images must be acquired in a standardized orientation
so that valid comparisons across subjects are possible.
Proper alignment of acquisition plane is especially critical
for studies of brain asymmetry because head tilt can result
in artifactual right-left differences. External landmarks
(e.g., the canthomeatal line) are relatively quick and easy to
establish for orientation, but they may not be consistently
related to brain structure (Homan et al. 1987). Such prob-
lems may be obviated by use of internal landmarks (e.g., the
anterior commissure–posterior commissure line), but
these can be more technically difficult to establish and thus
may add to the length of the scanning procedure.
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Slice thickness. Image resolution is affected by sec-
tion thickness, as each image data point (voxel) in the slice
represents an average of slice thickness (millimeters) raised
to the third power. Thus the thinner the section, the higher
the resolution. However, with thin sections, a greater total
scanning time is required to image a given volume, and thin
sections are also associated with a reduced signal-to-noise
ratio (less tissue is present to produce a signal). Further-
more, slice thickness with MR imaging is limited by certain
technical factors including gradient strength, quantity of
radiofrequency energy used for excitation, and the phe-
nomenon of cross-talk artifact. This latter problem can be
partially obviated by leaving space between adjacent sec-
tions (interscan gap), but this method excludes a given por-
tion of tissue from direct assessment, thereby reducing the
accuracy of volume measurements (particularly of small or
irregular structures). Section interleaving is another
method for reducing cross-talk artifact, but this procedure
doubles scanning time.

Phantom calibration. Verification of the accuracy
of imaging data against a known standard (phantom)
should be conducted on a regular basis to ensure stability of
the imaging hardware. With MR imaging in particular, im-
age data may be affected by variations in the main magnetic
field, the magnetic field gradient systems, and the radiofre-
quency pulse system.

Head movement artifact. Involuntary head move-
ment by subjects is another source of artifact that can de-
grade image quality. Head movement is more likely as the
length of the scanning time increases, and it may be espe-
cially troublesome in certain clinical circumstances. For
example, at least some elderly subjects with arthritic condi-
tions may be unable to lie still for more than a few minutes,
making comparisons with younger nonarthritic subjects
problematic. Head movement may be reduced by physical
restraints (e.g., Velcro straps or fitted plastic masks) or the
use of sedative medications, but the latter are rarely appro-
priate for use in nonpatient volunteers.

Methods of Image Analysis

General considerations. The quality of imaging
data is affected by several factors related to the methodol-
ogy of image analysis. First, measurements can be made on
a variety of different forms of imaging data including radio-
graphs, overhead projections of radiographs, photographs
of the image, or displays of the original digital image data
on computer consoles (Jack 1991). Computerized digital
data systems afford the greatest flexibility and permit stan-

dardization of window settings across images, thereby pro-
viding for greater consistency and accuracy of measure-
ment than is possible from films, where window settings
are fixed. Second, the interpretation of brain imaging data
will be affected by the criteria used to define the structure
of interest. For example, the measured size of the frontal
lobes on MR imaging will vary depending on whether their
posterior boundary has been defined by the optic chiasma,
the genu of the corpus callosum, or the central sulcus
(Coffey et al. 1992; Kelsoe et al. 1988). Anatomic non-
uniformity in these landmarks across subjects will also con-
tribute to variability in regional brain measures. Third, the
reliability of the measures of brain anatomy will vary with
the skill of the rater—both interrater and intrarater
reliabilities should be reported for all raters, using either
kappa statistics or intraclass correlation coefficients.
Finally, it should be clear from the above that assessment of
imaging data requires considerable subjective judgment on
the part of the rater. As such, all measurements should be
performed by raters who are “blind” to subject data (e.g.,
age, gender, and diagnostic group) or to study hypotheses
that could bias such assessments.

Types of measures. The effects of aging on brain
morphology have been assessed with both qualitative and
quantitative measures. Qualitative measures consist of var-
ious scales to determine the presence and severity of pa-
rameters of interest, including, for example, cortical atro-
phy or ventricular enlargement. Qualitative measures are
relatively inexpensive and easy to use, do not require so-
phisticated technological support, are frequently “clini-
cally relevant,” and may show good agreement with more
quantitative assessments (Zatz et al. 1982a). Qualitative
measures have limited resolution and sensitivity, however,
and their accuracy is critically dependent on the skill of the
particular rater. For this reason, it is often difficult to com-
pare results from different studies, especially when differ-
ent rating scales have been used.

Quantitative measures of brain size may be either lin-
ear (distance measurement), planimetric (area measure-
ment), or volumetric (multisection planimetric). Linear
and planimetric measures are relatively quick and inexpen-
sive and are available to researchers who lack sophisticated
computerized image processing capabilities. Such mea-
sures also correlate reasonably well with volumetric mea-
sures, at least for structures of regular shape. For more
complicated structures with irregular shapes, however,
volumetric measures are much more accurate, especially
when the sections are relatively thin (< 5 mm) and contigu-
ous, and when they span the entire extent of the structure of
interest. Volumetric measures are also more sensitive than
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linear and planimetric methods for detecting subtle group
differences (Gado et al. 1983; S. Raz et al. 1987). Finally,
volumetric measures are especially important for assessing
left-right asymmetries because single-section measures are
much more susceptible to the confounding effects of head
tilt and patient positioning and because bilateral structures
may not be aligned in a perfectly parallel position within
the left and right hemispheres. In such situations, the left
and right sides of a structure could differ with regard to the
particular imaging section on which they appeared larger,
in which case left-versus-right comparisons based on a sin-
gle section clearly would not be representative of any asym-
metry in the total volume of that structure.

Among quantitative brain imaging studies, differences
exist in the technique used to segment the cranial contents
into bone, CSF, white matter, and gray matter compart-
ments. Regions of interest may be outlined manually
(“trace” technique) or tissue segmentation can be per-
formed automatically by establishing threshold values of
pixel intensity for each tissue compartment. These auto-
mated procedures should improve substantially test-retest
reliability and the speed with which large volumes of imag-
ing data can be analyzed, but they are less adept at segment-
ing regions with similar pixel intensity values (e.g., separat-
ing amygdala from hippocampus).

Effects of Aging on Brain Structure

Ventricular Size

Brain CT and MR imaging investigations have consis-
tently demonstrated enlargement of the ventricular system
with age (Appendix 9–1). The reported extent of enlarge-
ment has varied, however, depending on the way in which
ventricular size has been assessed. General estimates from
the literature suggest that, over the first nine decades of
life, the ventricular/brain ratio (VBR) may increase
nonlinearly from 2% to 17% (Barron et al. 1976; Pearlson
et al. 1989a; Schwartz et al. 1985; Stafford et al. 1988), the
proportion of ventricular fluid volume to brain volume
may increase from 2%–4% to 4%–8% (Stafford et al.
1988), and the proportion of ventricular fluid volume to
cranial volume may increase from 1%–2% to 2%–4%
(R. C. Gur et al. 1991; Jernigan et al. 1990; Murphy et al.
1992; Pfefferbaum et al. 1986). These age effects appear to
be similar for the lateral and third ventricles (Coffey et al.
1992; Murphy et al. 1992; Schwartz et al. 1985). The fourth
ventricle is rarely reported separately from the total ven-
tricular system (Appendix 9–1). Shah et al. (1991) and
Blatter et al. (1995) found no relation between age and
fourth ventricular size.

In a study of 76 healthy adult volunteers from our labo-
ratory, we found that increasing age was associated with
significantly larger volumes of the lateral ventricles and the
third ventricle (Coffey et al. 1992). After adjusting for gen-
der and intracranial size, both lateral ventricular volume
and third ventricular volume were found to increase by ap-
proximately 3% per year (Figure 9–1). In a second study fo-
cusing on elderly volunteers (N = 330) living independ-
ently in the community, we found age-specific increases in
lateral ventricular volume of approximately 0.95 mL/year
and in third ventricular volume of approximately 0.05
mL/year, over ages 65–95 years old (Coffey et al. 1998).

We have also conducted blinded ratings of lateral ven-
tricular enlargement to provide a “clinical context” within
which to interpret these volumetric changes (Coffey et al.
1992). We found that the frequency of at least mild lateral
ventricular enlargement (Table 9–1) increased signifi-
cantly with age, in agreement with numerous imaging and
postmortem studies (Appendix 9–1). The odds of at least
mild lateral ventricular enlargement were 0.10 at age 40
and increased by approximately 7.7% per year to 2.22 at
age 80. This ventriculomegaly was typically rated as mild in
severity, however; and more than one-half (54%) of our el-
derly subjects did not meet criteria for lateral ventricular
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FIGURE 9–1. Increase in brain ventricular volumes with
age, relative to volumes at age 30. Linear regression models
for loge (volume), controlling for the effects of gender and
intracranial size, indicated that volume increased exponen-
tially with age for both the lateral ventricles (line A) and the
third ventricle (line B). The rate of volume increase was simi-
lar for each region (3.2% per year and 2.8% per year, respec-
tively).
Source. Adapted from Coffey et al. 1992.



enlargement (Table 9–1). These findings are consistent
with the increased variation in ventricular size with age that
others (Creasey and Rapoport 1985; DeCarli et al. 1990)
have observed. Thus, although ventricular volume in-
creases with age, it appears that “clinically rated” ventricu-
lar enlargement is not an inevitable consequence of ad-
vancing age.

Only a small number of longitudinal studies of
age-related ventricular enlargement have been reported
(Appendix 9–1). Gado et al. (1983) found a 3.7% increase in
the ratio of ventricular volume to cranial volume on CT in
12 elderly subjects followed for 1 year, but no change in lin-
ear measures of ventricular size. In a sample of older adults,
Shear et al. (1995) reported an average increase in ventricu-
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TABLE 9–1. Ratings of cortical atrophy, lateral ventricular enlargement, and subcortical hyperintensity

Age (years)
Rating score 30–39 40–49 50–59 60–69 70–79 > 80
Cortical atrophya

0 6 (60%) 6 (67%) 2 (18%) 3 (18%) 3 (13%)
1 3 (30%) 2 (22%) 7 (64%) 7 (41%) 6 (25%) 1 (17%)
2 (mild) 1 (10%) 1 (11%) 2 (18%) 7 (41%) 12 (50%) 4 (67%)
3 (moderate) 3 (13%) 1 (17%)
4 (severe)

Lateral ventricular enlargement
0 8 (80%) 6 (67%) 5 (46%) 8 (47%) 3 (13%)
1 2 (22%) 4 (36%) 4 (24%) 7 (29%)
2 (mild) 2 (20%) 1 (11%) 2 (18%) 2 (12%) 11 (46%) 2 (33%)
3 (moderate) 3 (8%) 3 (13%) 4 (66%)
4 (severe)

Subcortical hyperintensityb

Deep white matter
0 8 (80%) 5 (56%) 4 (36%) 7 (44%) 2 (8%) 1 (17%)
1 1 (10%) 3 (33%) 5 (46%) 7 (44%) 15 (63%) 2 (33%)
2 1 (10%) 1 (11%) 1 (9%) 1 (6%) 7 (29%) 1 (17%)
3 1 (9%) 1 (6%) 2 (33%)

Periventricular white matter
0
1 10 (100%) 9 (100%) 9 (82%) 15 (94%) 20 (83%) 4 (67%)
2 2 (18%) 1 (6%) 4 (17%) 2 (33%)
3

Basal ganglia
0 10 (100%) 8 (89%) 10 (91%) 15 (94%) 20 (83%) 4 (67%)
1 (present) 1 (11%) 1 (9%) 1 (6%) 4 (17%) 2 (33%)

Thalamus
0 10 (100%) 9 (100%) 10 (91%) 15 (94%) 23 (96%) 5 (83%)
1 (present) 1 (9%) 1 (6%) 1 (4%) 1 (17%)

Pons
0 10 (100%) 9 (100%) 11 (100%) 10 (63%) 15 (63%) 5 (67%)
1 (present) 6 (37%) 9 (37%) 1 (33%)

aSee Figure 9–2 for examples of the visual standards used for the ratings of cortical atrophy.
bSee Figures 9–7 and 9–8 for examples of the visual standards used for the ratings of subcortical hyperintensity.
Source. Adapted from Coffey et al. 1992.



lar system volume on CT of approximately 0.61 mL/year
over an average follow-up period of 2.6 years. Mueller et al.
(1998) found a 1.4 mL/year increase in lateral ventricle vol-
ume on MR imaging in elderly subjects followed for 3–9
years. In a sample of 28 healthy 21- to 68-year-old men,
Pfefferbaum et al. (1998) observed increases in both lateral
(approximately 5 mL, or 20%) and third ventricular vol-
umes on MR imaging over a scanning interval of 5 years.

A significant hemispheric asymmetry (left greater than
right) exists in the volumes of the lateral ventricles (Coffey
et al. 1992; Zipursky et al. 1990), but only a few studies have
examined whether the right and left lateral ventricles differ
with regard to aging effects (Appendix 9–1). Most of these
authors have found no differences in aging effects on the
two hemispheres (Coffey et al. 1992, 1998; DeCarli et al.
1994; Murphy et al. 1992, 1996; Schwartz et al. 1985), but
R. C. Gur et al. (1991) reported that the age-related in-
crease in ratio of ventricular CSF volume to cranial volume
was more pronounced in the left hemisphere than in the
right, a difference they attributed primarily to elderly men.

Although gender differences have been described in the
size, symmetry, and function of several brain structures,
only a small number of imaging studies have examined the
effects of gender on brain aging in nonpatient samples of
living humans (see Coffey et al. 1998 for review). Most
studies, including recent work from our group, have found
no gender effects on the age-related increase in lateral or
third ventricular volume (Appendix 9–1). Because
age-related ventricular enlargement is presumed to occur
as a result of shrinkage of periventricular brain matter,
these results are also consistent with other studies that
found no effect of gender on the age-related volume loss of
structures that form the borders of the lateral ventricles
(i.e., the caudate nuclei) (Krishnan et al. 1990; Murphy et
al. 1996) or the third ventricle (i.e., the thalamus) (Murphy
et al. 1996) (see below). In contrast, Grant et al. (1987) re-
ported that men, but not women, exhibited a significant
age-related increase in lateral ventricular volume, al-
though this apparent gender difference was not tested.
Likewise, Blatter et al. (1995) observed higher correlations
in males than in females between age and lateral ventricle
volume (adjusted for intracranial volume [IV]) (r = .444
versus r = .218, respectively) and between age and third
ventricle volume (adjusted for IV) (r = .634 versus r = .406,
respectively), but again these correlations were not statisti-
cally compared. Kaye et al. (1992) reported that the precip-
itous age-related increases in lateral ventricular volume be-
gan about a decade earlier in males than in females. Finally,
Murphy et al. (1996) found that females actually had a
greater age-related increase in the ratio of third ventricle
volume/IV than did males.

Brain Atrophy

Generalized brain atrophy. The effects of age on
brain size have been assessed with visual estimates (qualita-
tive ratings) of sulcal enlargement, quantitative measure-
ments of CSF spaces, and quantitative measurements of to-
tal and regional brain size. Age has been found to be
significantly correlated with visual ratings of sulcal en-
largement (Coffey et al. 1992; Jacoby et al. 1980; Yoshii et
al. 1988) (Appendix 9–1). The only exceptions to these ob-
servations are the reports of Laffey et al. (1984) and
Wahlund et al. (1990), which limited investigation to el-
derly subjects.

In our study of 76 healthy adults (Coffey et al. 1992),
the odds of a rating of at least mild cortical atrophy were
found to increase by approximately 8.9% per year such
that, by age 68, subjects had a 50% chance of having ac-
quired cortical atrophy. In spite of this predicted high fre-
quency, the cortical atrophy present in our subjects was
typically rated as mild (Figure 9–2). Moderately severe cor-
tical atrophy was uncommon (four [9%] of 46 elderly sub-
jects), and none of our subjects exhibited severe cortical at-
rophy (Table 9–1). These data suggest that although brain
volume declines with age (see below), cortical atrophy (like
ventricular enlargement) 1) is not an inevitable correlate of
normal aging and 2) when present is typically mild in sever-
ity and therefore relatively unlikely to be considered “clini-
cally significant.”

Quantitative studies of sulcal CSF spaces have consis-
tently demonstrated increased CSF volume with age (Ap-
pendix 9–1), the only exception being two relatively small
studies of older adults (Tanna et al. 1991; Wahlund et al.
1990). Estimates of sulcal and cisternal volume range from
1 mL at the second decade of life to 40 mL at the ninth de-
cade (Zatz et al. 1982a). Over the same age span, the pro-
portion of sulcal CSF volume to cranial volume increases
from approximately 3% to approximately 10% (R. C. Gur
et al. 1991; Jernigan et al. 1990; Murphy et al. 1992),
roughly at a rate of 1.0% per decade (Coffey et al. 1998;
DeCarli et al. 1994; Pfefferbaum et al. 1994). The
age-related increase in sulcal CSF volume may not be lin-
ear, however, and appears to be greatest after age 60
(Pfefferbaum et al. 1986; Zatz et al. 1982a). Variability in
the measures of sulcal CSF volume also increases substan-
tially with age (Coffey et al. 1998; DeCarli et al. 1994;
Pfefferbaum et al. 1986; Zatz et al. 1982a).

Only a small number of longitudinal studies of
age-related sulcal CSF volume increase have been reported
(Appendix 9–1). Gado et al. (1983) found that the ratio of
sulcal CSF volume to cranial volume increased by an aver-
age of 13% in 12 elderly subjects followed over 1 year.
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FIGURE 9–2. Visual standards for cortical atrophy score ratings on T1-weighted coronal magnetic resonance images (repeti-
tion time = 500 milliseconds, echo time = 20 milliseconds). Panel A: Grade 0, 1 = none, borderline. Panel B: Grade 2 = mild corti-
cal atrophy. Panel C: Grade 3 = moderate cortical atrophy with widening of the interhemispheric fissure. Panel D: Grade
4 = severe cortical atrophy, with widening of almost all sulci. This subject also exhibits moderately severe enlargement of the
lateral ventricles.
Source. Reprinted with permission from Coffey CE: “Structural Brain Abnormalities in the Depressed Elderly,” in Brain Imaging
in Affective Disorders. Edited by Hauser P. Washington, DC, American Psychiatric Press, 1991, pp. 92–93.



Mueller et al. (1998) found a 1.5 mL/year increase in total
CSF volume on MR imaging in elderly subjects followed
for 3–9 years. In a sample of 28 healthy 21- to 68-year-old
men, Pfefferbaum et al. (1998) observed no significant in-
crease in sulcal CSF volume on MR imaging over a scan-
ning interval of 5 years.

Quantitative investigations that directly measure
brain size have consistently found reduced total brain vol-
ume with age (Appendix 9–2). The only negative study at-
tempted to estimate brain volume from a single brain sec-
tion (Yoshii et al. 1988). (It should also be noted that these
same subjects did exhibit age-related cortical atrophy as
determined from ratings of sulcal enlargement.) Over the
first nine decades of life, the ratio of cerebral volume to cra-
nial volume appears to decrease from approximately 93%
to approximately 82% (Coffey et al. 1992; Jernigan et al.
1990; Tanna et al. 1991), and brain volume may decrease
from an average of approximately 1200–1300 mL to ap-
proximately 1100–1200 mL (Coffey et al. 1992; R. C. Gur
et al. 1991; Murphy et al. 1992). In our study of 76 healthy
adult volunteers, we found that increasing age was associ-
ated with a significant decrease in total cerebral hemi-
sphere volume of approximately 0.23% per year (Coffey et
al. 1992). In a second study focusing on elderly volunteers
(N = 330) living independently in the community, we
found age-specific reductions in total cerebral hemisphere
volume of approximately 2.79 mL/year from ages 65 to 95
years (Coffey et al. 1998). Recent data suggest that genetic
factors may contribute to individual differences in both
brain parenchymal and CSF volume changes in normal ag-
ing (Carmelli et al. 1999).

Only a few longitudinal studies of global cerebral vol-
ume loss with age have been undertaken (Appendix 9–2).
Significant reductions have been observed for whole brain
volume (Fox et al. 1996; negative findings reported by Gur
et al. 1998) and for total gray matter volume (Pfefferbaum
et al. 1998).

Only a few studies have compared the effects of aging on
the right and left cerebral hemispheres, and none of these has
found any difference between hemispheres with regard to
age-related total hemisphere volume loss (Appendix 9–2).

Recent literature suggests that gender differences may
exist in the effects of age on cerebral hemisphere volume
loss (see Coffey et al. 1998 for review) (Appendix 9–2). In
our study of 330 elderly volunteers, we found that from
ages 65 to 95 years males (of average IV) had an increase in
peripheral CSF volume of approximately 32% compared
with less than a 1% increase in females (Coffey et al. 1998)
(Figure 9–3). Gur et al. (1991) also found that the ratio of
sulcal CSF volume/IV was greater for elderly (55 years and
older) subjects and for men. Similarly, Blatter et al. (1995)

found higher correlations between age and “subarachnoid”
CSF volume (adjusted for IV) in males (r = .653) than in fe-
males (r = .545), although these correlations were not sta-
tistically compared. Other cross-sectional studies that ex-
amined peripheral CSF volume have found no gender
effects on age-related increases (Murphy et al. 1996;
Sullivan et al. 1993; Yue et al. 1997). In the longitudinal
study of Mueller et al. (1998), females apparently showed
greater age-related increases in total CSF volume than did
males (actual data not reported).

In contrast to the gender differences observed with re-
gard to age-related increases in peripheral CSF, we found
no gender differences in the age-related decrease in cere-
bral hemisphere volume. Similar negative findings have
been reported (Coffey et al. 1992; R. C. Gur et al. 1991; Raz
et al. 1993c, 1997; Murphy et al. 1996; Sullivan et al. 1993;
Yoshii et al. 1988). Although Condon et al. (1988) found
that men, but not women, exhibited a significant correla-
tion between age and the ratio of total brain volume/IV,
these correlations were not statistically compared. Simi-
larly, Blatter et al. (1995) observed higher correlations in
males than in females between age and the ratio of total
brain volume/IV (r = −.675 versus r = −.539, respectively),
but again these correlations were not statistically com-
pared. Murphy et al. (1996) reported that males had a sig-
nificantly greater age-related decrease in the ratio of cere-
bral hemisphere volume/IV than did females.
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FIGURE 9–3. Effects of gender on age-specific changes in
sulcal cerebrospinal fluid (CSF) volume. Hierarchical regres-
sion models for CSF volume, adjusting for the effects of
intracranial volume, age, and gender, indicated a significant
age-by-gender interaction. Age-specific increases in sulcal
CSF volume were significantly greater in men (dashed line)
than in women (solid line) (2.11 mL/year versus 0.06 mL/year,
respectively).
Source. Adapted from Coffey et al. 1998.



Our finding of a significant gender effect on the
age-related increase in peripheral CSF volume, in the ab-
sence of a gender effect on age-related volume loss of cere-
bral hemisphere brain matter, is consistent with the obser-
vations of R. C. Gur et al. (1991). Taken together, these
reports suggest that although peripheral CSF volume may
show a greater age-related increase in males than in females
(likely as a result of cortical atrophy), such gender differ-
ences in cortical atrophy may not be apparent statistically
when the size of the cortex is averaged in with a relatively
larger structure such as the cerebral hemisphere. We are
not aware of any studies that have examined gender effects
on age-related tissue loss in the cortex per se.

Regional brain atrophy. Significant age-related
reductions have been observed for total gray matter volume
(Blatter et al. 1995; Guttmann et al. 1998; Lim et al. 1992;
Passe et al. 1997; Schwartz et al. 1985) and cortical gray
matter volume (Jernigan et al. 1991; Meyer et al. 1994;
Pfefferbaum et al. 1994), as well as for specific gray matter
structures such as the anterior diencephalon (Jernigan et al.
1991), caudate nucleus (Gunning-Dixon et al. 1998;
Hokama et al. 1995; Jernigan et al. 1991; Krishnan et al.
1990; Murphy et al. 1992, 1996; Raz et al. 1993a, 1993c;
negative findings reported by Meyer et al. 1994), and
putamen or lentiform nucleus (Gunning-Dixon et al. 1998;
Hokama et al. 1995; McDonald et al. 1991; Murphy et al.
1992, 1996; Schwartz et al. 1985; negative findings re-
ported by Jernigan et al. 1991; Meyer et al. 1994; Raz et al.
1993a). Conflicting findings have been reported for the
thalamus (Murphy et al. 1992, 1996; Schwartz et al. 1985;
negative findings reported by Jernigan et al. 1991 and
Meyer et al. 1994). The decrease in cerebral gray matter
size is likely related in part to age-related neuronal loss or
shrinkage or to decreased neuronal interconnectivity (see
Chapter 3 in this volume).

Although most studies suggest that total cerebral white
matter volume does not appear to change significantly with
age (Blatter et al. 1995; Jernigan et al. 1991; Lim et al. 1992;
Meyer et al. 1994; Passe et al. 1997; Pfefferbaum et al. 1994;
Raz et al. 1993b, 1993c, 1997; Schwartz et al. 1985), age ef-
fects have been reported for total white matter volume
(Guttmann et al. 1998) and for certain regions (e.g.,
prefrontal) (Raz et al. 1997). Aging is also associated with
changes in the tissue characteristics of brain white matter
(and some gray matter nuclei), an issue that will be dis-
cussed below (see Subcortical Hyperintensity). Studies are
consistent in describing age-related size reductions in total
and regional corpus callosum (Davatzikos and Resnick
1998; Doraiswamy et al. 1991; Janowsky et al. 1996;
Parashos et al. 1995; Salat et al. 1997), an effect that we ob-

serve to be especially prominent in the anterior-most re-
gions (Parashos et al. 1995).

Age-related reductions in brain size have also been de-
scribed for the frontal lobes ([Cala et al. 1981; Coffey et al.
1992, 1998; Cowell et al. 1994; DeCarli et al. 1994; Jacoby
et al. 1980; Murphy et al. 1996; Raz et al. 1997, 1998b]; oth-
ers observed no age-related changes for the dorsolateral
prefrontal cortex [Raz et al. 1993b, 1993c] and the anterior
cingulate cortex [Jernigan et al. 1991; Raz et al. 1997]), the
temporal lobes (Coffey et al. 1992, 1998; Convit et al. 1995;
Cowell et al. 1994; Jack et al. 1992; Murphy et al. 1996; Raz
et al. 1997; negative findings reported by DeCarli et al.
1994), the amygdala-hippocampal complex (Coffey et al.
1992; Convit et al. 1995; Doraiswamy et al. 1993; Golomb
et al. 1993; Jack et al. 1992, 1997, 1998; Mu et al. 1999;
Murphy et al. 1996; O’Brien et al. 1997; Raz et al. 1998b;
negative findings reported by Frisoni et al. 1999; Laakso et
al. 1998; Raz et al. 1997), and the parietal-occipital lobes
(Coffey et al. 1992, 1998; Cowell et al. 1994; Murphy et al.
1996;Razetal.1993b,1993c,1997,1998b) (Appendix9–2).

A relatively small literature has examined posterior
fossa structures (Appendix 9–2). Age-related size reduc-
tions have been described for the cerebellum (global or re-
gional) (Cala et al. 1981; Deshmukh et al. 1997; Murphy et
al. 1996; Oguro et al. 1998; Raz et al. 1998a; negative find-
ings reported by Deshmukh et al. 1997; Escalona et al.
1991; Salat et al. 1997; Shah et al. 1991) and for the
midbrain (Doraiswamy et al. 1992; Oguro et al. 1998; Shah
et al. 1991), but not for the pons or medulla (Oguro et al.
1998; Salat et al. 1997; Raz et al. 1998a). Oguro et al. (1998)
suggested that males demonstrated greater age-related re-
ductions did than females in size of midbrain tegmentum
and cerebellar vermis.

In our investigation of 76 adult volunteers (Coffey et
al. 1992), we observed that the relative rate of change in ce-
rebral volume with age may differ among individual re-
gions (Figure 9–4). Cerebral hemisphere volume, for ex-
ample, declined at a rate of about 0.23% per year, a rate that
agrees closely with previous postmortem (Davis and
Wright 1977; Miller et al. 1980) and imaging studies (Ap-
pendix 9–2). In contrast, the rate of volume decrease for the
frontal lobes (0.55% per year) was twice as great, indicating
that this region may be particularly prone to volume loss
associated with aging. This observation is consistent with a
small number of imaging studies (Cala et al. 1981; DeCarli
et al. 1994; Raz et al. 1997, 1998b) and with previous
neuropathological studies demonstrating that the frontal
lobes are disproportionately affected by age-related
changes such as volume loss, thinning of cortical laminae,
widening of superficial sulci, and alterations in neuronal
cell populations (Haug 1985; Katzman and Terry 1992).
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These data, taken together with findings from our study,
may suggest a neuroanatomical substrate for age-related
changes in frontal lobe function present in neuropsy-
chological (Mittenberg et al. 1989) (see also Chapter 8 in
this volume) and brain metabolic imaging (Alavi 1989;
Warren et al. 1985) (see also Chapter 10 in this volume)
studies of aging humans. The rates of volume loss for the
temporal lobes (0.28% per year) and the amygdala-
hippocampal complex (0.30% per year) were similar to
those for the cerebral hemispheres.

Only a few longitudinal studies of regional cerebral vol-
ume loss with age have been undertaken (Appendixes 9–1
and 9–2). Significant reductions have been observed in
frontal region (Shear et al. 1995; negative findings re-
ported by R. E. Gur et al. 1998 and Mueller et al. 1998),
prefrontal gray matter (Pfefferbaum et al. 1998), temporal
lobe (Gur et al. 1998; Kaye et al. 1997; negative findings re-
ported by Mueller et al. 1998), hippocampus (Jack et al.
1998, Mueller et al. 1998), and parietal-occipital region
(Fox et al. 1996; Mueller et al. 1998; Pfefferbaum et al.

1998; Shear et al. 1995). Kaye et al. (1997) performed an-
nual brain MR imaging in 30 healthy elderly subjects over
an average follow-up of 42 months. Volume loss in the
temporal lobes (about 1.27% per year) predicted eventual
development of dementia, whereas volume loss in the hip-
pocampus (about 2% per year) or parahippocampus (about
2.5% per year) did not.

Although hemispheric asymmetries exist in the size of
many brain regions (Bear et al. 1986; Chui and Damasio
1980; Kertesz et al. 1992; LeMay and Kido 1978; Suddath
et al. 1989; Weinberger et al. 1982; Weis et al. 1989), only a
few studies have examined the interactions between aging
and right versus left hemisphere volume loss (Appendix
9–2). No right-left hemispheric differences have been re-
ported for the effects of aging on total gray matter
(Schwartz et al. 1985) or total gray matter plus white matter
(Schwartz et al. 1985), although Murphy et al. (1992) found
that older men (> 60 years old) exhibited a right-
greater-than-left asymmetry in lenticular nucleus volume,
whereas young men showed the reverse asymmetry. Nega-
tive findings have been described by the majority of studies
examining the frontal lobes (Coffey et al. 1992, 1998;
DeCarli et al. 1994; Raz et al. 1997), although two studies
have reported interesting interactions with gender. Cowell et
al. (1994) foundthat theright-greater-than-left asymmetryof
frontal lobe volume was larger in females greater than 40
years old than in younger females, a difference that was not
seen in males. Murphy et al. (1996) found that age-related
volume loss of the frontal lobes was greater in the right hemi-
sphere for males, whereas in females the volume loss was
greater in the left hemisphere. No hemispheric differences
havebeendescribed in theeffectsofageonthetemporal lobes
(Coffey et al. 1992, 1998; Cowell et al. 1994; Murphy et al.
1996; Raz et al. 1997), the hippocampus (Coffey et al. 1992;
Jacketal. 1997),or theamygdala (Coffeyet al. 1992; Jacketal.
1997), although Jack et al. (1997) did observe a
left-greater-than-right asymmetry in the age-related volume
loss of the parahippocampal gyrus.

Gender differences may exist in the effects of aging on re-
gional brain tissue loss (Appendix 9–2). In our recent study
of 330 elderly volunteers (Coffey et al. 1998), we found that
the age-associated increase in lateral fissure CSF volume, a
marker of frontotemporal (and to a lesser extent, parietal)
atrophy, was greater in men than in women. For example,
from ages 65 to 95 years, men (of average IV) had an in-
crease in lateral fissure volume of approximately 80%,
whereas women had an increase of only approximately
37% (Figure 9–5). Cowell et al. (1994) and Murphy et al.
(1996) found that males exhibited greater age-related de-
creases in the ratio of temporal lobe volume/IV than did fe-
males. Similarly, Golomb et al. (1993) found that
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FIGURE 9–4. Decrease in regional cerebral volumes with
age, relative to regional volumes at age 30. Linear regression
models for loge (volume), controlling for the effects of gender
and intracranial size, indicated that volume decreased expo-
nentially with age in the cerebral hemispheres (line A), the
temporal lobes (line B), the amygdala-hippocampal complex
(line C), and the frontal lobes (line D). It is apparent that the
rate of change in brain volume with age was substantially
greater for the frontal lobes (0.55% per year) than for the
other regions (range of 0.23% to 0.30% per year). For exam-
ple, relative to the cerebral hemispheres, frontal lobe volume
decreased at a rate of 0.32% per year (P < .004).
Source. Adapted from Coffey et al. 1992.



age-related hippocampal atrophy was more common in
males than in females, and Raz et al. (1997) observed
greater age-related inferior temporal volume loss in males
than in females. In contrast, Murphy et al. (1996) actually
observed greater temporal lobe atrophy in females than in
males. Despite differences in which gender is more af-
fected, these published results suggest that gender may af-
fect the age-related volume loss of the temporal lobe re-
gion. These findings may provide a neuroanatomic
substrate for the gender differences in age-related verbal
memory impairment (see Chapter 8 in this volume).

The literature is also conflicting with regard to the ef-
fects of gender on age-related changes in frontal lobe size
(Appendix 9–2). Cowell et al. (1994) and Murphy et al.
(1996) have both observed greater age-related frontal lobe
volume loss in males than in females. In contrast, others
have found no interactions between aging and gender ef-
fects (Coffey et al. 1992, 1998; Cowell et al. 1994; Raz et al.
1993c, 1997; Sullivan et al. 1993). These discrepant results
may reflect differences among studies in samples and brain
measurement techniques (e.g., quantitative versus qualita-
tive measures, area measures from a single slice versus vol-
ume measures from multiple slices).

With regard to more posterior brain regions, we re-
cently found that the age-related decrease in pari-
etal-occipital region area was greater for males than it was
for females. For example, from ages 65 to 95 years, men (of
average IA) lost approximately 15% of their pari-
etal-occipital lobe area, whereas women lost only 4%
(Coffey et al. 1998) (Figure 9–6). Using a somewhat differ-
ent definition of this brain region, Cowell et al. (1994) did
not find any gender effect on the age-related decrease in
the ratio of the posterior cerebral hemisphere volume/IV.
Murphy et al. (1996) likewise found no gender differences
in the age-related decrease in parieto-occipital region vol-
ume/IV, although they actually observed worse atrophy in
females for the ratio of parietal lobe volume/IV. Similarly,
Raz et al. (1993c) reported that females exhibited greater
age-related volume loss in the visual cortex than did males.
These widely divergent findings indicate a need for addi-
tional research (Appendix 9–2).

Our data also indicate that the rates of age-related
changes in regional cerebral volume are greater for ven-
tricular regions (about 3% per year) than for the
parenchymal regions described above (0.23%–0.55% per
year). This finding suggests that ventricular enlargement
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FIGURE 9–5. Effects of gender on age-specific changes in
lateral (sylvian) fissure cerebrospinal fluid (CSF) volume. Hi-
erarchical regression models for CSF volume, adjusting for
the effects of intracranial volume, age, and gender, indicated a
significant age-by-gender interaction. Age-specific increases
in lateral fissure CSF volume were significantly greater in men
(dashed line) than in women (solid line) (0.23 mL/year versus
0.10 mL/year, respectively).
Source. Adapted from Coffey et al. 1998.

FIGURE 9–6. Effects of gender on age-specific changes in
parieto-occipital region area. Hierarchical regression models
for cerebrospinal fluid (CSF) volume, adjusting for the effects
of intracranial volume, age, and gender, indicated a significant
age-by-gender interaction. Age-specific decreases in
parieto-occipital region area were significantly greater in men
(dashed line) than in women (solid line) (−0.31 mL/year versus
−0.09 mL/year, respectively).
Source. Adapted from Coffey et al. 1998.



may provide a more sensitive index of brain aging than does
cortical atrophy. It has been assumed that age-related ven-
tricular enlargement occurs by ex vacuo expansion that re-
sults from shrinkage of periventricular structures. Current
work is under way in our laboratory to examine whether
age-related changes in the size of these structures (e.g.,
caudate and thalamic nuclei) are indeed related to the in-
crease in ventricular volume that accompanies aging.

With regard to aging effects on the shape of brain struc-
ture, Magnotta and colleagues (1999) observed that age was
associated with more sharply and steeply curved cortical gyri,
as well as with sulci that were flatter and less curved.

In summary, aging is associated with global changes in
brain structure, including decreased brain volume and in-
creased CSF volume. In addition, differential effects of ag-
ing are observed for specific brain regions and structures.
Some structures (e.g., association cortices such as
prefrontal) are highly vulnerable to age-related volume
loss, whereas others (e.g., medial temporal region) show
moderate vulnerability, and still others (e.g., occipital cor-
tex, pons) exhibit only mild sensitivity to aging. Raz (in
press) has made the interesting suggestion that this pattern
of differential vulnerability follows a rule of “last (phylo-
genetically and ontogenetically) in—first out.” That is,
those structures that evolved in more modern species and
that matured late in the course of human development ap-
pear to suffer greater effects of aging than do the more an-
cient and mature structures. These late-evolving and ma-
turing structures are also the ones that complete
myelination relatively late in the development of the or-
ganism. The pathophysiology of these age-related volume
changes is unknown, although a variety of mechanisms
have been suggested including age-related changes in neu-
rotransmitter concentration or function, excitotoxicity,
subclinical inflammation, stress-induced glucocorticoid
neurotoxicity, and cumulative effects of systemic illnesses
such as hypertension (see Chapter 3 in this volume).

Studies are consistent in demonstrating increased
variability in brain anatomic measures with aging—some
subjects show marked atrophic changes, whereas others
show very little change. Factors that may account for at
least some of this variation include general medical health
as well as alcohol and other recreational drugs. Recently,
we found that education level may also explain some of the
individual variation in brain aging (Coffey et al. 1999). In a
sample of 320 elderly individuals living independently in
the community, years of formal education was significantly
associated with peripheral (sulcal) CSF volume, a marker
of cortical atrophy. Each year of education was associated
with an increase in peripheral CSF of 1.77 mL. Our finding
of a greater age-specific increase in peripheral CSF volume

in normal elderly persons is consistent with the “reserve”
hypothesis that such individuals are afforded greater pro-
tection from any clinical manifestations of cortical atro-
phy. These findings are also consistent with the few imag-
ing studies of Alzheimer’s disease demonstrating greater
regional brain atrophy and hypoperfusion in those patients
with more education. These latter studies suggest that edu-
cation exerts its “protective” effect, not by reducing the
brain changes associated with disease or aging, but by en-
abling more educated individuals to resist the influence of
deteriorating brain structure by maintaining better cogni-
tive and behavioral functioning. The mechanism by which
education may be related to preserved cognitive function-
ing in the setting of cortical atrophy is unknown but may be
suggested by our observation of a lack of association be-
tween education and age-specific ventricular enlargement.
This observation suggests that education is not associated
with relatively greater age-related atrophy of those striatal
structures (e.g., caudate nucleus) that form the lateral walls
of the lateral ventricles. Preserved striatal structure may
imply preserved integrity of frontosubcortical circuits crit-
ical to executive cognitive functioning, which in turn
would afford the individual a greater cognitive “buffer”
against any clinical manifestations of brain aging or cortical
atrophy.

Neuropsychological Correlates
of Age-Related Changes in
Brain Structure

Aging may be characterized cognitively by generalized
slowing of cognitive function and by decreased working
memory (see Chapter 8 in this volume). Despite a relatively
large literature on the relationship between cognitive func-
tioning and brain structure in patients with dementia, only
a few studies have examined such relationships in non-
patient samples of aging healthy adult volunteers, and re-
sults have been conflicting (Appendices 9–1 through 9–4).

Neuropsychological Correlates
of Age-Related Changes in
Global Brain Structure

With regard to global brain changes, six of nine studies ex-
amining ventricular size found no relation with a variety of
measures of cognitive function (Jacoby et al. 1980; Kaye et
al. 1992; Matsubayashi et al. 1992; Pearlson et al. 1989a;
Sullivan et al. 1993; Wahlund et al. 1990) (Appendix 9–1).
Three positive studies have been reported. Earnest et al.
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(1979) performed neuropsychological testing (Trail
Making Test, the Digit Symbol and Block Design subtests
of the Wechsler Adult Intelligence Scale [WAIS] [Wechs-
ler 1955], and the Visual Reproduction subtest of the
Wechsler Memory Scale [Wechsler 1945]) in 59 elderly
subjects who had been scanned by CT 1 year earlier (Ap-
pendixes 9–1 and 9–2). After adjustments for age, the only
significant findings were negative correlations between the
Digit Symbol Test and linear (r = −.40) and planimetric
(r = −.30) measures of lateral ventricular size. In a sample of
elderly subjects, Soininen et al. (1982) found a negative
correlation between a composite neuropsychological test
score and linear measures of ventricular size and sylvian fis-
sure size on CT, but the effects of age were not controlled.
Although Stafford et al. (1988) reported a negative correla-
tion between a discriminant function of ventricular volume
on CT and a discriminant function of neuropsychological
tests of naming and abstraction, the effects of subject age on
this correlation were apparently not partialled out.

Only a few studies have examined relations between
global brain parenchymal measures and cognitive function
(Appendixes 9–1 and 9–2). Jacoby et al. (1980) found no
significant correlations (after adjustments for age) between
a test of memory and orientation and ratings of cortical at-
rophy on CT scanning of elderly subjects. In contrast,
Carmelli and colleagues (1999) found that within-pair dif-
ferences in brain volume on MRI were associated with
within-pair differences in memory function in 74 elderly
male twin pairs. Two MR imaging investigations have ob-
served relations between IQ and total and regional brain
volumes in relatively young samples (Andreasen et al. 1993;
Willerman et al. 1991). A third MR imaging investigation
found no relation between IQ and either total or regional
brain volumes in a mixed-age sample, although global cere-
bral asymmetry (left greater than right) did predict IQ (Raz
et al. 1993b).

Neuropsychological Correlates
of Age-Related Changes in
Regional Brain Structure

Most studies of the neuropsychological correlates of
age-related changes in brain structure have focused on
memory and the temporal lobe (Appendix 9–2). Golomb et
al. (1993) found that elderly subjects with hippocampal at-
rophy performed worse on the recent verbal memory por-
tion of the Guild Memory Scale, but no group differences
were observed in immediate verbal memory, digit span, or
recall of designs. A subgroup of these subjects was followed
for a mean of 3.8 years, at which time those who had de-
clined to a score of 3 on the Global Deterioration Scale

were found to have had smaller hippocampal volumes at
baseline (Golomb et al. 1996). In a study of 40 healthy older
volunteers, O’Brien et al. (1997) found a relation between
the presence of amygdala-hippocampal atrophy on MR
imaging and lower scores on the Cambridge Cognitive Ex-
amination (CAMCOG), a relation that was entirely a result
of lower scores on the memory subscale. Kohler et al.
(1998) studied 26 healthy elderly (approximately 71 years
old) subjects and observed a trend for a negative association
between hippocampal volume and delayed verbal recall on
the California Verbal Learning Test, but no association
with visual recall (Visual Reproduction Test of the Wechs-
ler Memory Scale–Revised) or scores on the Mattis De-
mentia Rating Scale. Parahippocampal gyrus volume was
not related to any of the three measures. Raz et al. (1998b)
observed no relations between hippocampal and para-
hippocampal volumes on MR imaging and several memory
measures in a sample of 95 healthy adults. In a study of 11
healthy elderly subjects, Lupien et al. (1998) found de-
creased hippocampal volume on MR imaging, as well as
deficits in hippocampal-dependent memory function, in
those with significant prolonged elevations of serum
cortisol. The authors speculated that elevated gluco-
corticoid levels, which are known to be toxic to hippo-
campal cells in animals, may likewise cause hippocampal
atrophy and dysfunction in elderly humans.

With regard to other brain structures, Salat et al. (1997)
found a correlation between corpus callosum area and per-
formance on the Visual Reproduction portion of the
Wechsler Memory Scale in females but not males. No rela-
tions were found in either gender with scores on the Logi-
cal Memory portion of this test or with scores on the Block
Design subtest of the WAIS. Hokama et al. (1995) found no
correlation between IQ and volumes of basal ganglia nuclei
in 15 adult male volunteers. In the MR imaging study of
Raz et al. (1998b) described above, relations were observed
between the volume of the visual processing areas
(pericalcarine cortex) and nonverbal working memory and
between prefrontal cortex atrophy and increased
perseveration.

Recently, a few studies have examined the neuropsy-
chological and brain MR imaging correlates of the apolipo-
protein E e4 allele, a risk marker for Alzheimer’s disease
and vascular dementia (see Chapters 23 and 24 in this vol-
ume). H. Schmidt et al. (1996) found that elderly
nondemented apoE carriers performed worse than
noncarriers on tests of learning and memory, but the
groups did not differ on measures of sulcal and ventricular
widening, hippocampal and parahippocampal volumes, or
extent of subcortical hyperintensity (see below). In con-
trast, in a study of elderly twins without dementia,
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Plassman et al. (1997) found no neuropsychological differ-
ences between apoE carriers and noncarriers, although the
former had smaller right and left hippocampal volumes.

Subcortical Hyperintensity

Numerous MR imaging studies have demonstrated that
aging is associated with an increased prevalence and sever-

ity of subcortical hyperintensity (foci of increased signal on
T2-weighted images) (see Coffey 1994 for review;
Guttmann et al. 1998; Liao et al. 1997; Yue et al. 1997). In
our study of healthy adults (Coffey et al. 1992), subcortical
hyperintensity was present in the deep white matter in 48
subjects (64.0%), in the periventricular white matter in 9
(12.0%), in the basal ganglia in 9 (12.0%), in the thalamus
in 4 (5.3%), and in the pons in 16 (21.3%) (Table 9–1 and
Figures 9–7 and 9–8). The odds of subcortical hyper-
intensity increased by 5% to 9% per year of age, depending
on the anatomical region involved (Figure 9–9).

A growing body of neuropathological evidence is de-
fining the pathophysiological significance of subcortical
hyperintensity (Coffey and Figiel 1991; Pantonini and
Garcia 1997). Periventricular hyperintensities in the form
of caps or rims (Figure 9–7, panel A) are common in healthy
individuals and do not appear to constitute pathology.
Histological studies suggest that these periventricular caps
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FIGURE 9–7. Visual standards for ratings of hyperintensity
in the periventricular white matter on T2-weighted magnetic
resonance images (repetition time = 2500 milliseconds; echo
time = 80 milliseconds). Panel A: Grade 1 = “caps” at anterior
tips of frontal horns. Panel B: Grade 2 = “halo” along border
of lateral ventricles. Panel C: Grade 3 = irregular extension of
hyperintensity into the deep white matter.
Source. Reprinted with permission from Coffey CE: “Struc-
tural Brain Abnormalities in the Depressed Elderly,” in Brain
Imaging in Affective Disorders. Edited by Hauser P. Washing-
ton, DC, American Psychiatric Press, 1991, pp. 94–95.



and rims likely reflect increased water content resulting
from various factors, including a loose network of axons
with low myelin content, a patchy loss of ependyma with
astrocytic gliosis (“ependymitis granularis”), and the nor-
mal convergence of flow of interstitial fluid within the
periventricular region (Sze et al. 1986). For the more se-
vere changes of subcortical hyperintensity, however (Fig-

ure 9–7, panels B and C, and Figure 9–8), a spectrum of
histological changes may be present that range from vascu-
lar ectasia and dilated perivascular spaces, to edema and
demyelination, to frank lacunar infarctions. It has been
suggested that these more severe changes are a conse-
quence of chronic brain hypoperfusion stemming from
some combination of advancing arteriosclerosis, hyperten-
sive vascular disease, chronic recurrent hypotension, cere-
bral amyloid angiopathy, the presence of “senile” arteriolar
hyaline lesions, age-related thickening of meninges, and
impaired autoregulation of cerebral circulation associated
with aging. Indeed, evidence on MR imaging of old cere-
bral “microbleeds” is reported in approximately 6% of
neuropsychiatrically normal community volunteers, and is
associated with more extensive subcortical hyperintensity
(Roob et al. 1999). The prevalence and severity of
subcortical hyperintensity are thus increased in the pres-
ence of risk factors for vascular disease (Coffey and Figiel
1991; Liao et al. 1997). As conceptualized by Awad et al.
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FIGURE 9–8. Visual standards for ratings of hyperintensity
in the deep white matter on T2-weighted magnetic resonance
images (repetition time = 2500 milliseconds; echo time = 80
milliseconds). Panel A: Grade 1 = punctate foci. Panel B:
Grade 2 = small confluence of foci. Panel C: Grade 3 = large
confluent areas of signal hyperintensity.
Source. Reprinted with permission from Coffey CE: “Struc-
tural Brain Abnormalities in the Depressed Elderly,” in Brain
Imaging in Affective Disorders. Edited by Hauser P. Washing-
ton, DC, American Psychiatric Press, 1991, pp. 96–97.



(1986), subcortical hyperintensity in otherwise healthy
older subjects may reflect “wear and tear” of brain paren-
chyma that accompanies aging and chronic cerebro-
vascular disease. Recent data in twins suggest that genetic
factors may also contibute to individual differences in vol-
ume of subcortical hyperintensity (Carmelli et al. 1999).

Although a growing literature exists with respect to the
relation between cognition and changes in subcortical
white matter in normal aging (Appendix 9–3), these results
are conflicting and the studies are difficult to compare
given methodological differences. Most studies find no re-
lation between subcortical hyperintensity and scores on
dementia rating scales (Austrom et al. 1990; Harrell et al.
1991; Hendrie et al. 1989; Mirsen et al. 1991; positive find-
ings reported by Steingart et al. 1987 and Matsubayashi et
al. 1992). Positive findings have generally been more com-
mon among studies using more focal neuropsychological
assessment batteries, with measures of frontal lobe func-
tion appearing to show the closest relation with subcortical
hyperintensity (Austrom et al. 1990; Boone et al. 1992;
Carmelli et al. 1999; DeCarli et al. 1995; Rao et al. 1989;
Schmidt et al. 1993, 1999; Ylikoski et al. 1993).

In a study from our laboratory (Tupler et al. 1992), we
examined the relationship between subcortical hyper-
intensity on MR imaging and two specific neuropsy-

chological instruments—the Benton Facial Recognition
Test (Benton et al. 1983) and the WAIS-R Digit Symbol.
The former was chosen because it had yielded the highest
level of significance of any test reported to be associated
with subcortical hyperintensity; the latter, because it had
been reported to be related to subcortical hyperintensity by
two independent groups (Appendix 9–3). In addition, both
the Benton Facial Recognition Test and the Digit Symbol
subtest of the WAIS-R (Wechsler 1981) were favored a pri-
ori because subcortical pathology might be expected to dis-
rupt visuospatial perception and visuomotor execution, re-
spectively.

We found that performance on both tests was highly
related to age and education, but not to the presence of
subcortical hyperintensity. The majority of our subjects
had relatively mild findings of subcortical hyperintensity,
however, and it thus remains possible that more severe
changes might be associated with cognitive dysfunction in
otherwise healthy adults (e.g., see Boone et al. 1992;
DeCarli et al. 1995; Matsubayashi et al. 1992; Steingart et
al. 1987). Indeed, extensive damage to subcortical white
matter tracks would disrupt frontal-subcortical circuitry
and possibly provide an anatomical substrate for the mental
slowing and disturbed executive functioning seen with
aging.

In addition, an issue not addressed by our study was
whether subcortical hyperintensity might be associated
with cognitive changes in patients with various medical,
neurological, or psychiatric illnesses (Coffey and Figiel
1991). In this regard, we have previously reported that
subcortical hyperintensity is more common in patients
with severe depression (Coffey 1991; Coffey et al. 1990,
1993), and correlative studies are currently under way to
determine whether the cognitive impairment that fre-
quently afflicts this population might be associated with
these brain changes.

Other Brain Imaging Parameters

Intracranial calcification. Punctate calcification
appears as an area of increased density on CT but leaves a
signal void on MR imaging. Intracranial calcification may
occur in association with many pathological conditions and
may also be noted as an incidental finding commonly in-
volving the pineal gland, dura, habenula, petroclinoid liga-
ment, choroid plexus, basal ganglia, and major cerebral
vessels (Rhea and DeLuca 1983). Clinical experience and
some research suggest that “physiological calcification” of
these various structures increases with age (Cohen et al.
1980; Modic et al. 1980), but little systematic information
is available in nonclinical elderly samples.
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FIGURE 9–9. Increase in the regional prevalence of
subcortical hyperintensity with age. Logistic regression mod-
els indicated that the risk of subcortical hyperintensity in-
creased significantly with age in the deep white matter (line A)
and pons (line B), but not in the periventricular white matter
or basal ganglia (line C). The odds of subcortical
hyperintensity increased by approximately 6.3% per year in
the deep white matter and by 8.1% per year in the pons.
Source. Adapted from Coffey et al. 1992.



Brain tissue characteristics. Conflicting data
exist on whether increasing age is associated with alter-
ations in CT attenuation values (Hounsfield unit) of the
subcortical white matter (Cala et al. 1981; Schwartz et al.
1985; Zatz et al. 1982b). However, patchy areas of de-
creased attenuation in the subcortical white matter do oc-
cur with increasing frequency on CT of the elderly (Coffey
and Figiel 1991). Such changes likely reflect the effects of
hypoperfusion to subcortical structures and are the CT
scan equivalent of subcortical hyperintensity on MR imag-
ing (Coffey and Figiel 1991).

Increasing age has also been reported to be associated
with regional brain changes in T1 and T2 relaxation time
estimates on MR imaging (Appendix 9–4), but such data
must be considered preliminary given a number of meth-
odological issues (Drayer 1989).

Magnetic resonance spectroscopy. Magnetic
resonance spectroscopy is a noninvasive technique capable
of measuring the metabolism and chemical composition of
brain tissue (Keshavan et al. 1991). Age-related findings
have been reported for magnetic resonance spectroscopy
in animals (Herndon et al. 1998; Pettegrew et al. 1990), but
this technique has only recently been applied to the sys-
tematic study of “normal or usual” aging in humans, with
variable findings (Appendix 9–4). Preliminary efforts are
under way to explore the role of magnetic resonance spec-
troscopy in age-related conditions such as dementia and
cerebrovascular disease (Dager and Steen 1992; Keshavan
et al. 1991; Meyerhoff et al. 1994; Parnetti et al. 1997, see
also Chapter 11, this volume).

Brain iron. High-field-strength (1.5 tesla) MR imaging
can be used to visualize brain nuclei that are rich in iron. On
heavily “T2-weighted” images, brain iron produces reduced
signal intensity (the paramagnetic properties of iron acceler-
ate T2 relaxation time) that correlates with the distribution of
iron staining in postmortem brains (Coffey et al. 1989;
Sachdev 1993). Nuclei of the extrapyramidal system are espe-
cially rich in iron,andaging is associatedwith increaseddepo-
sition of iron in these regions. Although these age-related
changes are maximal during development and early adult-
hood (Pujol et al. 1992), MR imaging changes consistent with
increased iron deposition have been reported in the elderly
(Steffens et al. 1996; see also Appendix 9–4).

Magnetic resonance imaging of cerebral
blood flow. Because of its sensitivity to flow-related
phenomena, MR imaging can be used to image in remark-
able detail the extracranial and intracranial vasculature—a
form of noninvasive angiography (Caplan et al. 1995;

Ståhlberg et al. 1992). MR imaging may also permit quanti-
tative measurements of blood flow velocity and volume,
and possibly of CSF hydrodynamics as well. Measurement
of brain perfusion with MR imaging is also possible, per-
mitting noninvasive assessment of brain functional activity
comparable to that obtained with PET or SPECT. Such
techniques would have obvious applications to the study of
normal and abnormal brain aging (see Chapters 10 and 11
in this volume).

Summary

Modern computer-based imaging technologies provide an
excellent opportunity to examine in vivo the spectrum and
extent of changes in brain morphology that occur with nor-
mal aging. Such data are essential for an understanding of
pathological brain aging in the elderly. The interpretation
of these imaging studies must include careful consideration
of a plethora of methodological issues that can obscure,
confound, or modify apparent aging effects. Although
studies vary in the extent to which such factors have been
controlled, general agreement is found in the literature
that increasing age is associated with 1) nonlinear increases
in lateral and third ventricular volume; 2) increasing sulcal
CSF volume; 3) decreasing brain volume, especially of the
frontal lobes and of cortical and subcortical gray matter
structures; 4) increasing variability in measures of brain
size; and 5) increasing frequency and severity of subcortical
hyperintensity on MR imaging. The effects of age on the
two hemispheres are similar for most structures. Gender
differences in the effects of age on brain morphology may
exist for some regions or structures (e.g., sulcal CSF vol-
ume and possibly the frontotemporal regions), and in most
cases such changes are greater in men than they are in
women. Further study is needed to characterize in greater
detail the effects of “usual versus successful” aging on
global and regional brain structure, and the relationship of
such age-related changes to cognitive function in aging
people.

Research is also needed that identifies strategies to
preserve brain function in the face of aging, an issue of in-
creasing interest to the public. As discussed above, we know
that the effects of age upon brain structure may be mollified
by optimizing general medical health, by minimizing use of
alcohol and other recreational drugs, and by avoiding in-
jury to the head (e.g., by wearing bicycle helmets, wearing
seat belts, avoiding extreme contact sports). Estrogen re-
placement therapy may also prove beneficial in mainte-
nance of cognitive functioning in postmenopausal women,
and its effects on age-related changes in brain structure
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should be studied. Finally, we need to understand the value
of “brain exercise” as it relates to aging—can we preserve
cognitive functioning by maintaining a vigorous intellec-
tual life, much as physical exercise helps preserve muscle
functioning in the face of age-related muscle cell loss? I for
one certainly hope so, and at any rate, there doesn’t seem to
be much of a down side to tackling the morning crossword
puzzle over a good cup of coffee.
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APPENDIX 9–1. Imaging studies of human aging and brain cerebrospinal fluid spaces

Study Subjects
Imaging and
measurement technique Findings

Barron et al. 1976 135 volunteers
9 months to 90 years old
Equal gender distribution in

all age groups (8 M; 7 F per decade)
No history of neurological disease;

psychiatric history not reported
Handedness not specified

CT
Planimetric determination of VBR by single

rater (average of three measurements) from
Polaroid photograph

Age associated with increased VBR and with
increased variability in VBR

Interactions with gender or laterality not
reported

Earnest et al. 1979 59 volunteer retirees
60–99 years old
11 M; 48 F
Living independently and free of

neurological disease
Handedness not specified

CT
Linear and planimetric measures of ventricular

size at three different levels, from photographs
Linear measurements of four largest sulci
No additional data provided
Neuropsychological test battery comprised of Trail

Making Test, and the Digit Symbol and Block
Design subtests of the Wechsler Memory Scale

Subjects 80 years or older (n = 29) had larger
ratio of ventricular size to intracranial size
than did younger subjects (n = 30)

The sum of the widths of the four sulci was
greater in older subjects than in younger
subjects

Adjusting for age (but not education?), ventricular
size correlated only with performance on the
Digit Symbol subtest

Interactions with gender or laterality not
reported

Jacoby et al. 1980 50 healthy elderly volunteers
62–88 years old
10 M; 40 F
No history of significant psychiatric or

neurological illness
Handedness not specified

CT
Ratings (small, normal, enlarged) of ventricular

size from films by single blinded rater
(rater reliability not reported)

Planimetric determination of lateral ventricular/
skull ratio and Evans’ ratio from films by single
rater (average of three measurements) with
established reliabilities

8 (16%) subjects were rated as having
“enlarged” lateral ventricles

No correlation between age and lateral
ventricular/skull ratio or Evans’ ratio

Interactions with gender or laterality not
reported

Adjusting for age, no relation between ventricular
size and performance on the Hodkinson test of
memory and orientation

Meese et al. 1980 160 healthy volunteers
1–71 years old
10 M and 10 F in each decade
No additional data provided

CT
Linear measurements of ventricular size and

sulcal width from four axial slices (no
additional data provided)

Apparent age-related changes in some
measures of ventricular size and sulcal
width, but these changes not analyzed
statistically

Interactions with gender or laterality not
reported
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Cala et al. 1981 115 volunteers
15–40 years old
62 M; 53 F
No history of migraine, head trauma,

or excessive alcohol intake (no
additional details provided)

All but 8 subjects right-handed

CT (n = 2 scanners)
Planimetric measurements of ventricular/

skull ratio at level of frontal horns
(no additional details provided)

Axial slices (13 mm thick)

No relationship between age and
ventricular/skull ratio

Interactions with gender or laterality not
reported

Soininen et al. 1982 85 volunteers: 53 from community
and 32 from nursing home

75 ± 7 years old
23 M; 62 F
No neurological disease

(no additional details provided)

CT
Linear measurements (from films?) of

ventricular and sulcal size
Axial slices (n = 8–12, 8 mm thick)
No additional details provided
Composite neuropsychological test score comprised

of personal and up-to-date knowledge,
orientation, praxis of hand, receptive speech,
expressive speech, memory, and general reasoning
(arithmetic [Luria], similarities [WAIS], and
comprehension [WAIS])

Age correlated with ratios of ventricular
width to skull width (frontal horn index
and cella media index)

Age correlated with mean width of four
largest sulci

Correlations were found between the composite
neuropsychological test score and the size of
the lateral and third ventricles, and the left
sylvian fissure, but the effects of age and
education were not controlled

Interactions with gender or laterality not
reported

Zatz et al. 1982a 123 volunteers
10–90 years old
49 M; 74 F
No history of neurological or

major medical disease
Handedness not specified

CT
Volume measurement derived from

computer-assisted pixel segmentation
technique (ASI-II program)

Axial slices (n = 9, 10 mm thick, 10-mm
interscan gap)

Age significantly associated with increased
ventricular volume (M = F), even after
controlling for IV

Increased variability of ventricular size with
age

Age associated with increased sulcal CSF
volume, even after controlling for IV

Gado et al. 1983 12 elderly volunteers
64–81 years old
9 M; 3 F
No additional clinical data provided

CT
Volume measurements derived from

computer-assisted pixel segmentation
technique (seven axial slices, 8 mm thick)

Linear measurements from axial images
Number of raters and rater reliabilities not

specified

During 1-year follow-up, ratio of ventricular
volume to IV increased significantly by an
average of 3.7%; no significant changes in
linear measures of ventricular size (VBR,
third ventricular ratio, frontal horn ratio)

During 1-year follow-up, ratio of sulcal
volume to IV increased significantly by an
average of 13%

Interactions with gender or laterality not
reported

(continued)
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Laffey et al. 1984 212 elderly volunteers
65–89 years old
110 M; 102 F
No evidence of alcoholism, dementia,

or neurological illness

CT
Qualitative rating (6-point scale) of ventricular

enlargement and sulcal widening from films,
by two experienced radiologists with
established reliabilities

Age associated with increased ventricular size
No association between age and ratings of

sulcal widening
Interactions with gender or laterality not reported

Schwartz et al. 1985 30 healthy M volunteers
21–81 years old
No history of major medical,

neurological, or psychiatric illness
Handedness not specified

CT
Volume measurements derived from

computer-assisted pixel segmentation
technique (ASI-II program)

Axial slices (n = 7) starting from the plane of the
inferior orbitomeatal line (10 mm thick,
7-mm interscan gap)

Age correlated with areas and volumes of
lateral and third ventricles, even after
adjusting for height and intracranial area

Age correlated with VBR
Increased variability of ventricular size with age
No laterality effects
Age correlated with CSF volume (ventricular plus

basal cisterns), even after controlling for IV
Increased variability of CSF volume with age

Pfefferbaum et al.
1986

57 healthy volunteers
20–84 years old
27 M; 30 F
No additional data provided

CT
Volume measurements derived from

computer-assisted pixel segmentation technique
(modification of Gado et al. 1983)

Contiguous axial slices (n = 5) starting at the
level of the superior roof of the orbits

Age associated with increased ratio of
ventricular volume to IV

Increased variability in ventricular volume with age
Interactions with gender or laterality not reported
Age associated with increased ratio of sulcal

CSF volume to IV (from single axial slice
[8 mm thick] approximately 48 mm from
the level of the superior roof of the orbits)

Age associated with increased variability of ratio
of sulcal CSF volume to IV

Stafford et al. 1988 79 healthy M volunteers
31–87 years old
No severe medical or psychiatric illness
Handedness not specified

CT
CSF volume and CT density measurements

derived from computer-assisted pixel
segmentation technique (ASI-II program)

Axial slices (n = 3) at mid-, high-, and
supraventricular levels

Cognitive test battery comprised of attention
(auditory and visual continuous performance),
Boston Naming Test, Wechsler Memory Scale
(verbal and visuospatial memory), and Gorham
Proverb Test

Age associated with increased ratio of
ventricular volume to brain volume, with
increased ratio of supraventricular CSF
volume to brain volume, and with decreased
CT density

Interactions with laterality not reported
Inverse correlation observed between a discrim-

inant function of total CSF volume and a dis-
criminant function of neuropsychological tests
of naming and abstraction; no relation with a
discriminant function of memory and attention

No relation between CT density and any
cognitive test measure

APPENDIX 9–1. Imaging studies of human aging and brain cerebrospinal fluid spaces (continued)
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Pearlson et al. 1989b 31 healthy elderly volunteers
68.3 ± 1.2 years old
15 M; 16 F
No major medical, neurological, or

psychiatric illness
Handedness not specified

CT
Planimetric determination of VBR from films

by one of two raters, each with established
reliabilities

Age correlated with VBR
Interactions with gender or laterality not

reported
No correlation (n = 14) between VBR and

scores on Boston Naming Test or Rey
Auditory Verbal Learning Test (Rey 1964)

Kaye et al. 1992 107 healthy volunteers
64 M (21–90 years old); 43 F

(23–88 years old)
No major medical, neurological, or

psychiatric illness
Handedness not specified

CT
Volume measurements derived from computer-

assisted pixel segmentation technique
(ASI-II program)

Axial slices (10 mm thick, 7-mm interscan gap)

Age associated with increased ventricular
volume in both M and F (about 20% per
decade); precipitous increases observed
beginning in the fifth decade in M and in
the sixth decade in F

Interactions with laterality not reported
Adjusting for age, no relation between

ventricular volume and sum of the scores
on the WAIS verbal or performance scales

Sullivan et al. 1993 114 healthy volunteers
21–82 years old (51.2 ± 17.7 years)
84 M; 30 F
No history of major medical,

neurological, or psychiatric illness
90% right-handed

CT
Volume measurements derived from computer-

assisted pixel segmentation technique
(modification of Gado et al. 1983)

Axial slices (n = 10, 10 mm thick)
Neuropsychological test battery comprised of

MMSE, Trail Making Test A and B, WAIS-R
subtests—Information, Digit Span, Vocabulary,
Digit Symbol, Picture Completion, Block
Design, and Object Assembly

Age correlated with total and third
ventricular volume, even after adjustments
for head size (M = F)

No correlation between age-related changes
in total or third ventricular volume and age-
adjusted performance on any of the 10 neuro-
psychological tests

Age correlated with increased CSF volume in
sylvian fissure and in vertex, frontal, and
parieto-occipital sulci (M = F)

No correlation between age-related changes
in sulcal fissure CSF volume and age-adjusted
performance on any of the 10 neuro-
psychological tests

Shear et al. 1995 35 healthy volunteers (included in
Sullivan et al. 1993)

67.4 ± 7.4 years old
23 M; 12 F
No history of major medical,

neurological, or psychiatric illness

CT
Longitudinal within-subject follow-up, using

blinded volume measurements per technique
of Sullivan et al. 1993

High rater reliabilities

Over mean (± SD) follow-up of 2.6 (± 0.96)
years, increases were observed in CSF
volumes of frontal sulci (0.31 mL/year),
sylvian fissure (0.58 mL/year), parieto-
occipital sulci (0.05 mL/year), and
ventricular system (0.61 mL/year)

Interactions with gender not reported

(continued)
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Elwan et al. 1996a 88 healthy “lower middle class”
volunteers

40–76 years old (54.8 ± 9.6 years)
57 M; 31 F
No major medical, neurological, or

psychiatric illness
All right-handed

CT
Multiple distance measurements

(no additional details provided)

Age correlated with maximum width of third
ventricle

Interactions with gender or laterality not
reported

Grant et al. 1987 64 healthy volunteers
18–64 years old
25 M; 39 F
No history of neurological disease;

psychiatric history not reported
Handedness not specified

MR imaging (0.15 tesla)
Mathematically derived estimate of ventricular

volume and CSF volume from signal intensity
measurements made on single sagittal slice
(number of raters not specified)

Age associated with increased ventricular
volume in M, but not in F; however, this
apparent gender difference was not tested
statistically

Interactions with laterality not reported
Age associated with increased total (ventricular

plus cisternal) cranial CSF volume (M = F)
No control for size of brain or head

Condon et al. 1988 40 volunteers
20–60 years old
20 M; 20 F
No additional details provided

MR imaging (0.15 tesla)
Volume measurement (two raters) derived from

computer-assisted pixel segmentation of
contiguous sagittal slices (variable slice thickness
and number)

For males but not females, age correlated
with ratio of total ventricular volume to IV,
total CSF volume to IV, and total sulcal
CSF volume to IV

Yoshii et al. 1988 58 healthy volunteers
21–81 years old
29 M; 29 F
Neurological and psychiatric histories

not reported
Handedness not specified

MR imaging (1.0 tesla)
Blinded global ratings (4-point scale) of lateral

ventricular enlargement from inversion
recovery films (axial slices [n unspecified],
10 mm thick, 3-mm interscan gap)

Numbers of raters and rater reliabilities
not specified

Age correlated with ratings of lateral
ventricular enlargement (M = F)

Interactions with laterality not reported

Jernigan et al. 1990 58 healthy volunteers
8–79 years old
35 M; 23 F
No neurological, psychiatric, or medical

(e.g., diabetes mellitus and heart
disease) illness

Handedness not specified

MR imaging (1.5 tesla)
Volume estimates (one of two raters) derived

from computer-assisted pixel classification of
multiple spin-echo axial images (5 mm thick,
2.5-mm interscan gap)

Age associated with increased ratio of
ventricular CSF volume to IV

Age associated with increased ratio of
sulcal CSF volume to IV

Interactions with gender or laterality
not reported

APPENDIX 9–1. Imaging studies of human aging and brain cerebrospinal fluid spaces (continued)
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Wahlund et al. 1990 24 healthy elderly volunteers
75–85 years old (mean = 79 years)
8 M; 16 F
No evidence of neurological or

psychiatric illness
Handedness not specified

MR imaging (0.02 tesla)
Visual ratings (5-point scale) of CSF spaces on

T2-weighted axial films (slice: 10 mm thick,
no gap) by two raters (blind?) with established
reliabilities

Area measurements of lateral ventricles based on
computer-assisted pixel classification technique,
from single axial section at level of basal ganglia

Neuropsychological test battery comprised of
MMSE, WAIS-R subtests (Information, Digit
Span, Similarities, Block Design, Object Assembly,
Digit Substitution) and Wechsler Memory Scale
(Associative Learning, Visual Reproduction)

No correlation between age and visual
ratings or area measurements of sulcal
CSF or lateral ventricle CSF size

No relation between size of sulcal or lateral ven-
tricular CSF and any neuropsychological test
measure

Gur et al. 1991 69 healthy volunteers
18–80 years old
34 M; 35 F
No neurological or psychiatric illness
66 right-handed; 3 left-handed

MR imaging (1.5 tesla)
Volume measurements (any two of four raters)

derived from segmentation technique based on
two-feature pixel classification of multiple
spin-echo axial images (5 mm thick, contiguous)

Older (≥ 55 years) subjects (n = 26) had larger total
CSF volume (M > F), larger ratio of ventricular
CSF volume to IV (M = F), and larger ratio of
sulcal CSF volume to IV (M > F)

Effects of age on ratio of ventricular CSF volume
to IV were asymmetric (L > R) in M but not in F

Tanna et al. 1991 16 healthy volunteers
52–86 years old
5 M; 11 F
No evidence of major medical,

neurological, or psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Volume measurements (one of two raters with

established reliabilities) derived from
segmentation techniques based on two-feature
pixel classification of multiple spin-echo axial
images (5 mm thick, 2.5-mm interscan gap)

Age correlated with ratio of ventricular CSF
volume to total CSF plus total brain volume

Trend (nonsignificant) for age to be associated
with increasing ratio of sulcal CSF volume to
total CSF plus total brain volume

Interactions with gender or laterality not reported
Coffey et al. 1992 76 healthy volunteers

36–91 years old
25 M; 51 F
No lifetime evidence of neurological or

psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Volume measurements (one of three blinded

raters with established reliabilities) using
computer-assisted trace methodology of
T1-weighted coronal images (n = 30–35,
5 mm thick, contiguous)

Blinded clinical ratings (5-point scale) of lateral
ventricular enlargement from films (average
score of two experienced raters)

Adjusting for IV, age associated with increased
volumes of the third (2.8% per year) and lateral
(3.2% per year) ventricles (M = F)

Age associated with increased odds (7.7% per
year) of at least mild lateral ventricular enlarge-
ment, from 0.10 at age 40 to 2.22 at age
80 (M = F)

No interactions with laterality

Lim et al. 1992 14 healthy M volunteers
8 young (21–25 years old); 6 elderly

(68–76 years old)
No evidence of significant medical or

psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements derived from

semiautomated pixel segmentation of
intermediate and T2-weighted axial imaging
(n = 8, 5 mm thick, 2.5-mm interscan gap)

Compared with younger M, older M had higher
percentage of CSF volume to IV (8% vs.
20.1%)

(continued)
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Matsubayashi et al.
1992

73 healthy volunteers
59–83 years old
24 M; 49 F
No history of major medical,

neurological, or psychiatric illness

MR imaging (0.5 tesla)
Planimetric determination of VPR
No additional details provided
Neuropsychological test battery comprised of

MMSE, Hasegawa Dementia Scale (Hasegawa
1974), a visuospatial cognitive performance test,
and a manual dexterity test

Age correlated with VPR
Interactions with gender or laterality not

reported
Adjusting for age, no relation between VPR and

any neuropsychological test measure

Murphy et al. 1992 27 healthy M
19–92 years old
No major medical, neurological, or

psychiatric illness
Handedness not specified

MR imaging (0.5 tesla)
Blinded volume measurements derived from

semiautomated pixel segmentation of proton
density axial images (n = 36, 7 mm thick,
contiguous)

Rater reliabilities established, but number of
raters not specified

Compared with younger M (< 60 years old;
n = 10), older M (n = 17) had larger ratio
of lateral ventricular volume to IV, larger
ratio of third ventricular volume to IV, and
larger ratio of peripheral CSF volume
(total CSF volume minus ventricular
volumes) to IV

No interactions with laterality
Raz et al. 1993c 29 healthy volunteers

18–78 years old
17 M; 12 F
No major medical, neurological, or

psychiatric illness
Self-reported right-handers

MR imaging (0.30 tesla)
Blinded volume measurements from films using

digital planimetry of T1-weighted and proton
density sagittal and coronal images

Good rater (n = 2) reliabilities

Controlling for head size, age associated with
increased lateral ventricular volume (M = F)

Interactions with laterality not reported

Christiansen et al.
1994

142 healthy volunteers
21–80 years old
78 M; 64 F
No major medical or neurological illness

MR imaging (1.5 tesla)
Volume measurements using manual tracing of

T2-weighted axial images (4 mm thick,
4-mm interscan gap)

No additional details provided

Age associated with increased lateral
ventricle volume in M (134%) and
F (66%), but these apparent gender
differences were not statistically compared

Interactions with laterality not reported
DeCarli et al. 1994 30 healthy M volunteers

18–92 years old
No major medical, neurological, or

psychiatric illness
29 right-handed

MR imaging (0.5 tesla)
Volume measurements of T1-weighted coronal

images (6 mm thick, contiguous) by single rater
using computer-assisted pixel segmentation
techniques

Good rater reliabilities

Age associated with increased volume of
sulcal CSF to IV (1.3%/decade), central
CSF to IV (0.3%/decade), and third
ventricle CSF to IV (0.04%/decade)

For all measures, no interactions with laterality

APPENDIX 9–1. Imaging studies of human aging and brain cerebrospinal fluid spaces (continued)
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Golomb et al. 1994 54 healthy volunteers with MMSE ≥ 28
(overlap with Golomb et al. 1993)

55-87 years old (59.7 ± 7.9 years)

23 M; 31 F

No major medical, neurologic, or

psychiatric illness

Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements of sulcal CSF using

computer-assisted trace methodology of
T1-weighted coronal images (4 mm thick, 10%
gap) by single rater with established reliabilities

Adjusting for head size, age associated with
increased sulcal CSF volume

Pfefferbaum et al. 1994 73 healthy M volunteers (included
in Pfefferbaum et al. 1993)

21–70 years old (44.1 ± 13.8 years)
No major medical, neurological, or

psychiatric illness
Left-handers included (n not specified)

MR imaging (1.5 tesla)
Blinded volume measurements of T2-weighted

axial slices (5 mm thick, 2.5 mm-interscan gap)
by four raters using computer-assisted pixel
segmentation techniques

Good rater reliabilities

Age associated with increased cortical CSF
volume to IV (0.6 mL/year) and with
ventricular volume to IV (0.3 mL/year)

Interactions with laterality not reported

Blatter et al. 1995 194 healthy volunteers
16–65 years old
89 M; 105 F
No history (by questionnaire) of any

neurological or psychiatric illness
95% right-handed

MR imaging (1.5 tesla)
Volume measurements derived from semiautomated

pixel segmentation and trace methodologies,
of intermediate and T2-weighted axial images
(5 mm thick, 2-mm gap)

High rater reliabilities (blind)

Adjusting for IV, age associated with increased
subarachnoid CSF volume, and lateral and
third ventricular volumes, but not with fourth
ventricular volume; correlations tended to be
higher for M than for F, but these apparent
differences were not analyzed

Interactions with laterality not reported
Murphy et al. 1996 69 healthy volunteers

35 M (mean ± SD age = 44 ± 23 years);
34 F (mean ± SD age = 50 ± 21 years)

No major medical or psychiatric illness
All right-handed

MR imaging (0.5 and 1.5 tesla)
Blinded volume measurements using computer-

assisted segmentation and trace methodology of
contiguous coronal images (5–6 mm thick)

Number of raters not specified

Relative to younger subjects (age 20–35 years),
older subjects (60–85 years) had larger ratios of
lateral ventricular volume to IV (M = F), third
ventricular volume to IV (F > M), and
peripheral CSF volume to IV (M = F)

No interactions with laterality
Salonen et al. 1997 61 healthy volunteers

30–86 years old
30 M; 31 F
No neurological symptoms or disease;

psychiatric history not specified
Handedness not specified

MR imaging (1.0 tesla)
Qualitative ratings (5-point scale) of sulcal and

lateral ventricular enlargement
Linear measurement of maximum width of third

ventricle
T1-weighted axial slices (5 mm thick,

1-mm interscan gap)
Number of raters and rater reliabilities not specified

Age associated with increased ratings of sulcal and
lateral ventricular enlargement, and with width
of third ventricle

Interactions with gender or laterality not
reported

Yue et al. 1997 1,488 healthy elderly volunteers from
the Cardiovascular Health Study

65–80+ years old
No major medical or neurological illness

(psychiatric illness not assessed)
Number of M and F not specified
Handedness not specified

MR imaging (0.35 or 1.5 tesla)
Blinded ratings of sulcal prominence

(10-point scale) and ventricular size
(10-point scale) from T1-weighted axial images

Good to excellent rater reliabilities, but number of
raters not specified

Age associated with increased sulcal
prominence and ventricular enlargement
(M = F)

(continued)
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Coffey et al. 1998 330 elderly volunteers living
independently in the community

66–96 years old (74.98 ± 5.09)
129 M; 201 F
No lifetime history of neurological or

psychiatric illness
All right-handed

MR imaging (1.5 tesla, n = 248; 0.35 tesla, n = 82)
Blinded volume measurements (one of two raters

with established reliabilities) using
computer-assisted trace methodology of
T1-weighted axial images (5 mm thick, no
interscan gap)

Adjusting for IV, age associated with
increased peripheral (sulcal) CSF volume,
lateral fissure CSF volume, lateral
ventricular volume (0.95 mL/year), and
third ventricular volume (0.05 mL/year)

M showed greater age-related changes than
did F for peripheral CSF (2.11 mL/year vs.
0.06 mL/year, respectively) and lateral
fissure volumes (0.23 mL/year vs. 0.10
mL/year, respectively)

No interactions with laterality
Guttmann et al. 1998 72 healthy volunteers

18–81 years old
22 M; 50 F
No history of psychiatric illness, epilepsy,

or severe head trauma
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted segmentation and trace
methodology of contiguous axial images
(3 mm thick)

Good interrater reliabilities

Age associated with increased ratio of total
CSF volume to IV

Interactions with gender or laterality not
reported

Mueller et al. 1998 46 healthy elderly volunteers
65–74 years old (6 M, 5 F), 75–84 years

old (8 M, 7 F), and 85–95 years old
(9 M, 11 F)

All functionally independent, MMSE ≥
24, and free of major medical and
neurological illness, as well as
depression

Handedness not specified

MR imaging (1.5 tesla)
Volume measurements (nonblind?) using

computer-assisted pixel segmentation of
contiguous coronal images (4 mm thick)

Excellent interrater reliabilities
Scanning repeated annually or biannually over

3- to 9-year follow-up

Adjusting for IV, age associated with increased
temporal horn volume, but not with total CSF,
sulcal CSF, or lateral ventricle volumes

Interactions with gender not reported
Over the follow-up period, significant

increases were seen only in total CSF
volume (1.5 mL/year, F > M) and in lateral
ventricular volume (1.4 mL/year, M = F)

Pfefferbaum et al.
1998

28 healthy M volunteers (overlap with
Pfefferbaum et al. 1994)

21–68 years old (51 ± 13.8 years)
No major medical, neurological, or

psychiatric illness
Left-handers included (n not specified)

MR imaging (1.5 tesla)
Blinded volume measurements derived from

semiautomated pixel segmentation of
intermediate and T2- weighted axial images
(n = 17–20, 5 mm thick, 2.5-mm interscan gap)

Scanning repeated at 5-year follow-up

Over the follow-up interval, significant increase
in volume of lateral (5 mL, or 20%) and third
ventricles, but not in cortical sulcal CSF
volume

Note. CSF = cerebrospinal fluid; CT = computed tomography; F = female(s); IV = intracranial volume; M = male(s); MMSE = Mini-Mental State Exam; MR = magnetic resonance; VBR = ven-
tricular/brain ratio; VPR = ventricular/parenchymal ratio; WAIS-R = Weschler Adult Intelligence Scale–Revised.
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APPENDIX 9–2. Imaging studies of human aging and brain parenchymal atrophy

Study Subjects
Imaging and
measurement technique Findings

Jacoby et al. 1980 50 healthy elderly volunteers
62–88 years old
10 M; 40 F
No history of significant psychiatric or

neurological illness
Handedness not specified

CT
Ratings (4-point scale) of cortical atrophy from

films by single blinded rater; five regions rated
(frontal, parietal, temporal, insular, and
occipital) and scores summed

Age correlated with total cortical atrophy
score

Interactions with gender or laterality not
reported

Adjusting for age, no relation between cortical
atrophy and performance on the Hodkinson
test of memory and orientation

Cala et al. 1981 115 volunteers
15–40 years old
62 M; 53 F
No history of migraine, head trauma, or

excessive alcohol intake (no additional
details provided)

All but eight subjects right-handed

CT (n = 2 scanners)
Ratings (5-point scale) of cortical atrophy

(no additional details provided)
Axial slices (13 mm thick)

Age apparently associated with increased
frequency of mild (grade 2) atrophy of
frontal lobes and cerebellar vermis, but no
statistical analysis reported

Interactions with gender or laterality not
reported

Schwartz et al. 1985 30 healthy M volunteers
21–81 years old
No history of major medical, neurological, or

psychiatric illness
Handedness not specified

CT
Volume measurements derived from

computer-assisted segmentation technique
(ASI-II program)

Axial slices (n = 7) starting from the plane of
the inferior orbitomeatal line (10 mm thick,
7-mm interscan gap)

Adjusting for IV, age negatively correlated
with volume of gray matter and with
volume of gray plus white matter, but not
with white matter volume

Subjects > 60 years old (n = 11) had smaller
volumes of thalamus, lenticular nuclei,
and total gray matter than younger
subjects (n = 19)

Effects similar for both hemispheres
Golomb et al. 1993 154 healthy volunteers with MMSE score > 27

55–88 years old (70 ± 8 years)
73 M; 81 F
No evidence of active medical, neurological, or

psychiatric illness
Handedness not specified

CT (n = 51); MR imaging (n = 81); both CT and
MR imaging (n = 22)

Blinded ratings (4-point scale) of hippocampal
atrophy as defined by dilation of transverse
choroidal fissure on films, by raters (n = ?)
with established reliabilities

Neuropsychological test battery comprised of
WAIS Digit Span and the Guild Memory
Test (Paired Associates, Paragraph Recall, and
Design Recall)

Subjects with hippocampal atrophy (rating of
2 or greater in either hemisphere; n = 50)
significantly older than those without
atrophy

More M (41%) than F (25%) with
hippocampal atrophy

After controlling for age, education, and
WAIS vocabulary score, subjects with
hippocampal atrophy performed worse on
recent verbal memory portion of the Guild
Memory Scale; no group differences were
observed in digit span or recall of designs

(continued)
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Meyer et al. 1994 81 healthy volunteers
27–90 years old
44 M; 37 F
No major neurological or psychiatric illness

CT (n = 2 scanners)
Blinded measure of tissue density (densitometry)

and regional brain volume (trace methodology)
from axial slices (8 mm thick)

Age associated with decreased tissue density in
cortical gray matter (frontal, temporal,
parietal, and occipital) and in white matter
(frontal only), but not in subcortical gray
matter (caudate, putamen, or thalamus)

Age associated with decreased ratios of cortical
gray matter volume to IV and subcortical
gray matter volume to IV, but not with
white matter volume to IV

Interactions with gender or laterality not
reported

Elwan et al. 1996b 88 healthy “lower middle class” volunteers
40–76 years old (54.8 ± 9.6 years)
57 M; 31 F
No major medical, neurological, or

psychiatric illness
All right-handed

CT
Multiple linear measurements (no additional

details provided)

No correlation between age and maximal
bifrontal distance, bifrontal index, maximal
bicaudate distance, maximal septum-caudate
distance, or cella media index

Interactions with gender or laterality not
reported

Condon et al. 1988 40 volunteers
20–60 years old
20 M; 20 F
No additional details provided

MR imaging (0.15 tesla)
Volume measurement (two raters) derived from

computer-assisted pixel segmentation of
contiguous sagittal slices (variable slice
thickness and number)

For M but not F, age negatively correlated
with ratio of total brain volume to IV

Interactions with laterality not reported

Yoshii et al. 1988 58 volunteers
21–81 years old
29 M; 29 F
Neurological and psychiatric histories not

reported
Handedness not specified

MR imaging (1.0 tesla)
Mathematically derived estimate of brain

volume from inversion recovery films,
based on planimetric measurement made
on single slice (10 mm thick) at level of foramen
of Monro

Blinded global ratings of cortical atrophy from
films (axial slices, [n = ?], 10 mm thick,
3-mm interscan gap)

Number of raters and rater reliabilities not specified

No correlation between age and brain volume
Age significantly correlated with ratings of

cortical atrophy for both M and F

APPENDIX 9–2. Imaging studies of human aging and brain parenchymal atrophy (continued)
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Jernigan et al.
1990, 1991

58 healthy volunteers
8–79 years old
35 M; 23 F
No history of neurological, psychiatric,

or medical illness (diabetes mellitus,
heart disease)

Handedness not specified

MR imaging (1.5 tesla)
Volume estimates (one of two raters) derived

from computer-assisted pixel classification
of multiple spin-echo axial images
(5 mm thick, 2.5-mm interscan gap)

Age negatively correlated with ratios of
cerebral volume to IV and of gray matter
volume to IV

Among gray matter structures, age negatively
correlated with ratios of cortical gray matter
volume to IV, caudate volume to IV, and
diencephalon volume to IV; but not with
thalamus volume to IV or anterior cingulate
volume to IV

No correlation between age and ratio of white
matter volume to IV

Interactions with gender or laterality not
reported

Krishnan et al.
1990

39 healthy volunteers
24–79 years old
17 M; 22 F
No evidence of major medical, neurological,

or psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Stereological measurement (one of two raters)

of axial slices (variable number, 5 mm thick,
2.5-mm interscan gap) from intermediate and
T2-weighted films

Age negatively correlated with total caudate
volume (M = F)

Caudate volume was less in subjects older than
50 years (n = 22)

No adjustments for cranial size

Doraiswamy et al.
1991

36 healthy volunteers (overlap with subjects
of Krishnan et al. 1990)

26–79 years old
16 M; 20 F
No evidence of major medical, neurological,

or psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Area measurement of T1-weighted midsagittal

image using computer-assisted trace
methodology

Rater reliabilities not reported

Age negatively correlated with corpus
callosum area in M but not in F

Escalona et al.
1991

37 healthy volunteers (overlap with subjects of
Krishnan et al. 1990)

24–79 years old
16 M; 21 F
No evidence of major medical, neurological,

or psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Stereological measurement (one of two raters)

of axial slices (variable number, 5 mm thick,
2.5-mm interscan gap) from intermediate and
T2-weighted films

Good rater reliabilities

No association between age and volume of
cerebellar hemispheres

Gur et al. 1991 69 healthy volunteers
18–80 years old
34 M; 35 F
No neurological or psychiatric illness
66 right-handed; 3 left-handed

MR imaging (1.5 tesla)
Volume measurements (any two of four raters)

derived from segmentation technique based
on two-feature pixel classification of multiple
spin-echo axial images (5 mm thick, contiguous)

Older (≥ 55 years) subjects (n = 26) had
smaller whole brain volumes than younger
subjects (M = F)

(continued)



218
THE

AM
ERICAN

PSYCHIATRIC
PRESS

TEXTBOOK
OF

GERIATRIC
N

EUROPSYCHIATRY,SECON
D

EDITION

McDonald et al.
1991

36 healthy volunteers (subjects also included
in Krishnan et al. 1990)

24–79 years old
13 M; 23 F
No evidence of major medical, neurological,

or psychiatric illness

MR imaging (1.5 tesla)
Same as Krishnan et al. 1990 (above)

Age negatively correlated with total putamen
volume (M = F; left = right), but no
adjustments for cranial size

Shah et al. 1991 36 healthy volunteers (overlap with subjects in
Krishnan et al. 1990)

26–79 years old
16 M; 20 F
No evidence of major medical, neurological, or

psychiatric illness

MR imaging (1.5 tesla)
Computer-assisted measurements from

T1-weighted midsagittal films by single
rater with established intrarater reliabilities

Increasing age associated with decreasing
midbrain area (M > F?)

No age effects on areas of pons, medulla,
anterior cerebellar vermis, or fourth
ventricle

Tanna et al. 1991 16 healthy volunteers
52–86 years old
5 M; 11 F
No evidence of major medical, neurological,

or psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Volume measurements (one of two raters with

established reliabilities) derived from
segmentation techniques based on two-feature
pixel classification of multiple spin-echo axial
images (5 mm thick, 2.5-mm interscan gap)

Age negatively correlated with ratio of total
brain volume to total CSF plus total brain
volume

Interactions with gender or laterality not
reported

Coffey et al. 1992 76 healthy volunteers
36–91 years old
25 M; 51 F
No lifetime history of neurological or

psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Volume measurements (one of three blinded

raters with established reliabilities) using
computer-assisted trace methodology of
T1-weighted coronal images (n = 30–35,
5 mm thick, contiguous)

Blinded clinical ratings (5-point scale) of
“cortical atrophy” (average score of two raters)

Age associated with decreased total volumes of
the cerebral hemispheres (0.23% per year),
the frontal lobes (0.55% per year), the
temporal lobes (0.28% per year), and the
amygdala-hippocampal complex (0.30% per
year); all effects similar for M and F, and for
both hemispheres

Increasing age associated with increasing odds
(8.9% per year) of “cortical atrophy,” from
0.08 at age 40 to 2.82 at age 80

Doraiswamy et al.
1992

75 healthy volunteers (overlap with subjects in
Krishnan et al. 1990)

21–82 years old (52.5 ± 18 years)
34 M; 41 F
No neurological or psychiatric illness

MR imaging (1.5 tesla)
Blinded measurements of midbrain size

on T2-weighted axial films (no additional
details provided)

Age negatively correlated with midbrain
volume and anteroposterior diameter, but
not with red nucleus size

Effects similar for both M and F

APPENDIX 9–2. Imaging studies of human aging and brain parenchymal atrophy (continued)
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Jack et al. 1992 22 healthy elderly volunteers
76.3 ± 11.3 years old
10 M; 12 F
No major medical or neurological illness;

no depression
Handedness not specified

MR imaging (1.5 tesla)
Volume estimates (single rater) derived from

computer-assisted pixel classification of
T1-weighted coronal images (4 mm thick,
contiguous)

Intrarater reliabilities not reported

Age associated with decreased ratio of
hippocampal volume to IV and of anterior
temporal lobe volume to IV

Interactions with gender or laterality not
reported

Lim et al. 1992 14 healthy M volunteers
8 young (21–25 years old) and 6 elderly

(68–76 years old)
No evidence of significant medical or

psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements derived from

semiautomated pixel segmentation of
intermediate and T2-weighted axial images
(n = 8, 5 mm thick, 2.5-mm interscan gap)

Compared to young M, elderly M had lower
ratio of gray matter volume to IV
(49.7% vs. 38.7%)

No group difference in ratio of white matter
volume to IV (47.2% vs. 41.2%)

Interactions with laterality not reported
Murphy et al. 1992 27 healthy M volunteers

19–92 years old
No major medical, neurological, or

psychiatric illness
Handedness not specified

MR imaging (0.5 tesla)
Blinded volume measurements using

computer-assisted trace methodology of proton
density axial images (n = 36, 7 mm thick,
contiguous)

Manual tracing of subcortical nuclei from
enhanced images

Rater reliabilities were established, but number
of raters not reported

Older M (> 60, n = 17) had smaller ratios of
total, left, and right hemisphere volume to
IV than did younger M

Older M had smaller ratios of total caudate
volume to IV and of total lenticular nuclei
volume to IV than did younger M; no
difference in ratio of total thalamus volume
to IV

Reductions in caudate and lenticular volumes
also found when the volumes were
normalized to total brain volume,
suggesting a differential effect of aging on
these structures

Older M exhibited a R > L asymmetry in
lenticular volumes; the reverse was true in
younger M

Doraiswamy et al.
1993

Same as Doraiswamy et al. 1992 MR imaging (1.5 tesla)
Blinded linear measurements of interuncal

distance on T1-weighted axial image (no
additional details provided)

Age associated with larger interuncal distance
(NB: this measure was not correlated with
amygdala volume in a follow-up study
[Early et al. 1993])

Interactions with gender or laterality not
reported

(continued)
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Raz et al. 1993a,
1993b, 1993c

29 healthy volunteers
18–78 years old (43.8 ± 21.5 years)
17 M; 12 F
No history of medical, neurological, or

psychiatric illness
All right-handed

MR imaging (0.3 tesla)
Volume measurements using computer-assisted

trace methodology of digitized images from
the films, by two blinded raters with high
reliabilities

T1-weighted axial slices (n = 9, 4.2 mm thick,
6.0-mm interscan gap)

T2-weighted coronal slices (n =17–21,
6.6 mm thick, 8.6-mm interscan gap)

Measures of “fluid” (Cattell Culture-Fair
Intelligence Test) and crystallized
(Extended Vocabulary) intelligence

After controlling for head size, age associated
with decreased volumes of caudate and
visual cortex (F > M)

No association between age and volumes of
dorsolateral prefrontal cortex, anterior
cingulate gyrus, prefrontal white matter,
hippocampal formation, postcentral gyrus,
inferior parietal lobule, or parietal white
matter

Both measures of intelligence were associated
with L > R asymmetry in cerebral
hemisphere volume, but not with any other
measure of brain size

Christiansen et al.
1994

142 healthy volunteers
21–80 years old
78 M; 64 F
No major medical or neurological illness

MR imaging (1.5 tesla)
Area and volume measurements using

computer-assisted trace methodology of
T2-weighted axial slices (n = 15, 4 mm thick,
4-mm interscan gap)

Number of raters, their “blindness,” and their
reliabilities not specified

Age associated with decreased volume of
cerebral hemispheres

Interactions with gender or laterality not
reported

Cowell et al. 1994 130 healthy volunteers (overlap with subjects
in Gur et al. 1991)

18–80 years old
70 M; 60 F
No major medical, neurological, or

psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Volume measurements using a combination of

computer-assisted trace methodology and
pixel segmentation of three-dimensional
images reconstructed from T2-weighted axial
images (5 mm thick, contiguous)

Good rater reliabilities, but “blindness” not
specified

Ratio of frontal lobe to IV was smaller in
M > 40 years old than in younger M; no
such group difference in F

In contrast, the R > L asymmetry of frontal
lobe to IV was larger in older F than
younger F; no such group difference in M

Ratio of temporal lobe to IV was also smaller in
M > 40 years old than in younger M; no
such group difference in F; no interactions
with laterality

Ratio of the remaining brain volume to IV was
smaller in older than in younger subjects for
both sexes; no interactions with laterality

APPENDIX 9–2. Imaging studies of human aging and brain parenchymal atrophy (continued)
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DeCarli et al. 1994 30 healthy M volunteers
19–92 years old
No major medical, neurological, or

psychiatric illness
29 right-handed

MR imaging (0.5 tesla)
Volume measurements using computer-assisted

trace methodology of T1-weighted coronal
images (6 mm thick, contiguous) through
temporal lobe, by single (blind?) rater

Age associated with decreased ratio of frontal
lobe volume to IV but not with temporal
lobe volume to IV

No interactions with laterality

Golomb et al. 1994 54 healthy volunteers (overlap with
Golomb et al. 1993)

55–87 years old (59.7 ± 7.9 years)
23 M; 31 F
No major medical, neurological, or

psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted trace methodology of
T1-weighted coronal images (4 mm thick,
10% gap) by single rater with established
reliabilities

Composite scores of primary (WAIS Digit Span)
and secondary memory with immediate and
delayed recall components (Guild Memory Test,
list recall, facial recognition)

Adjusting for head size, age associated with
decreased volumes of hippocampal
formation and of superior temporal gyrus

After adjusting for age, gender, WAIS
vocabulary, and subarachnoid CSF volume,
hippocampal volume was associated with
delayed recall but not with initial recall or
digit span

Volume of superior temporal gyrus was
unrelated to any memory measure

Pfefferbaum et al.
1994

73 healthy M volunteers (included in
Pfefferbaum et al. 1993)

21–70 years old (44.1 ± 13.8 years)
No major medical, neurological, or

psychiatric illness
Left-handers included (n not specified)

MR imaging (1.5 tesla)
Blinded volume measurements derived from

semiautomated pixel segmentation of
intermediate and T2-weighted axial images
(n =17–20, 5 mm thick, 2.5-mm interscan gap)

Adjusting for head size, age associated with
decreased cortical gray matter volume
(0.7 mL/year), but not with cortical white
matter volume

Interactions with laterality not reported

Soininen et al. 1994 32 healthy volunteers from the community,
all with MMSE scores > 25

16 with AAMI (67.7 ± 7 years; 4 M, 12 F)
16 control subjects (70.2 ± 4.7 years; 6 M, 10 F)

without AAMI
All but 1 right-handed

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted trace methodology of
T1-weighted coronal images (1 mm thick,
contiguous) through temporal lobe, by single
rater with established reliabilities

Neuropsychological measures of verbal memory
(Buschke-Fuld Selective Reminding Test) and
visual memory (Benton Visual Retention Test,
Heaton Visual Retention Test)

No group differences in hippocampal volumes,
although control subjects (but not AAMI
subjects) exhibited significant R > L
asymmetry

No group differences in amygdala volume or
asymmetry

No correlation between verbal memory and
any volume measurement

Visual memory (BVRT) correlated with 1)
right hippocampal volume and with degree
of R > L asymmetry in total sample only,
and 2) with left hippocampal volume and
right amygdala volume in AAMI subjects

Visual memory (Heaton) correlated with
volumes of right and left amygdala in total
sample and in AAMI subjects

(continued)
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Blatter et al. 1995 194 healthy volunteers
16–65 years old
89 M; 105 F
No history (by questionnaire) of any

neurological or psychiatric illness
95% right-handed

MR imaging (1.5 tesla)
Volume measurements derived from

semiautomated pixel segmentation and trace
methodologies of intermediate and
T2-weighted axial images (5 mm thick,
2-mm gap)

High rater reliabilities (blinded status?)

Adjusting for head size, age associated with
decreased total brain volume and gray
matter volume, but not white matter volume

Correlations tended to be higher for M than
for F, but these apparent differences were
not analyzed. However, only F showed
significant age-related reductions in gray
matter.

Interactions with laterality not reported
Convit et al. 1995 37 healthy adult volunteers

27 older (14 M, 13 F; 69.2 ± 8.3 years old)
10 younger (5 M, 5 F; 26.1 ± 4.1 years old)
No evidence of stroke or major medical or

psychiatric illness

MR imaging (1.5 tesla)
Blinded volume measurements by single rater

(reliabilities?) using computer-assisted trace
methods of T1-weighted coronal images
(4 mm thick, 10% gap)

Controlling for gender and head size, age
associated with volume loss in lateral
temporal lobe (especially fusiform gyrus)
and medial temporal lobe (especially
hippocampus and parahippocampus)

Hokama et al. 1995 15 healthy M community volunteers
20–55 years old
No lifetime history of major medical,

neurological, or psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Volume measurements of basal ganglia using

semiautomated computer assisted trace
methodology from T1-weighted coronal and
axial sections (1.5 mm thick, contiguous) by
raters with established reliabilities

Age associated with decreased volumes of
caudate and putamen, but not of
globus pallidus

No correlation between basal ganglia volumes
and IQ as estimated by WAIS-R
Information subscale

Parashos et al. 1995 80 healthy volunteers (overlap with subjects in
Coffey et al. 1992)

30–91 years old
28 M; 52 F
No lifetime history of neurological or

psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Blinded area measurements using

computer-assisted trace methodology of
T1-weighted midsagittal image (5 mm thick),
made by single rater with established rater
reliabilities

Adjusting for IV, increasing age associated
with smaller total and regional callosal
areas, especially of anterior regions (M = F)

Fox et al. 1996 11 adult volunteers with no evidence of
memory impairment on testing

5 M, 6 F; 51.3 ± 5.9 years old
No additional details provided

MR imaging (1.5 tesla)
Volume measurements using computer-assisted

pixel segmentation of T1-weighted coronal
images (1.5 mm thick, contiguous)

Scanning repeated at 12.8 ± 4.3 months and
volume differences determined from subtraction
images

Over the follow-up period, brain volume
decreased by 0.05% (0.03 mL)

APPENDIX 9–2. Imaging studies of human aging and brain parenchymal atrophy (continued)
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Golomb et al. 1996 44 healthy volunteers (from Golomb et al.
1994)

68.5 ± 7.7 years old
16 M; 28 F
No major medical, neurological, or

psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted trace methodology of
T1-weighted coronal images (4 mm thick,
contiguous)

Guild Memory Test (Paired Associates,
Paragraph Recall, and Design Recall)
administered at baseline and at mean of
3.8 years later

After adjusting for age, gender, and years of
education, change in paragraph recall
scores over the follow-up interval were
significantly inversely related to baseline
hippocampal volume (adjusted for
intracranial volume), but not to baseline
superior temporal gyrus size or
subarachnoid CSF volume

Baseline hippocampal volume (adjusted for
intracranial volume) was significantly
smaller in the 14 subjects who declined to a
score of 3 (mild cognitive impairment) on
the Global Deterioration Scale

Janowsky et al. 1996 60 healthy elderly volunteers
66–94 years old (mean 78.2)
15 M; 45 F
No major medical, neurological, or

psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Area measurement of corpus callosum

derived from computer-assisted trace
methodology

Number of raters and their “blindness” not
specified

Age associated with decreased total callosal
area, anterior callosal area, and middle
callosal area

Interactions with gender not reported

Murphy et al. 1996 69 healthy volunteers
35 M (44 ± 23 years old); 34 F (50 ± 21 years

old)
No major medical or psychiatric illness
All right-handed

MR imaging (0.5 and 1.5 tesla)
Blinded volume measurements using

computer-assisted segmentation and trace
methodology of contiguous coronal images
(5–6 mm thick)

Number of raters not specified

Relative to “young” subjects (age 20–35 years),
“old” subjects (60–85 years) had smaller
brain matter volume ratios of cerebellum to
IV (M = F), cerebrum to IV (M > F), frontal
lobe to IV (M > F), temporal lobe to IV
(M > F), parietal lobe to IV (F > M),
parieto-occipital lobe to IV (M = F),
parahippocampal gyrus to IV (M = F),
amygdala to IV (M = F), hippocampus to IV
(F > M), thalamus to IV (M = F), lenticular
nucleus to IV (M = F), and caudate to IV
(M = F)

For the frontal lobe, the right side decreased
more than the left with age in M, but in
F the left side decreased more than the
right; for all other regions, there were no
interactions with laterality

Deshmukh et al.
1997

10 healthy M volunteers
50.1 ± 13.8 years old
No evidence of major medical, neurological,

or psychiatric illness
9 right-handed; 1 left-handed

MR imaging (1.5 tesla)
Volume measures using semiautomated

computer-assisted trace methodology from
three-dimensional T1-weighted sagittal
sections, realigned in the axial plane, by raters
with established reliabilities

Age associated with decreased volume of
cerebellar lobules VI–VII

(continued)
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Jack et al. 1997 126 healthy elderly volunteers
51–89 years old (79.15 ± 6.73 years)
44 M; 82 F
No active neurological or psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted trace methodology of
T1-weighted three-dimensional volumetric
images (1.6 mm thick, contiguous, n = 124)
by single rater with established reliabilities

Age associated with decreased volume ratio of
hippocampus to IV (45.63 mL/year),
amygdala to IV (20.75 mL/year), and
parahippocampal gyrus to IV (46.65
mL/year); effects similar for M and F

Effects were similar for the 2 hemispheres
except for the parahippocampal gyrus
(L > R)

Kaye et al. 1997 30 healthy elderly volunteers from the
community, with MMSE ≥ 24

All ≥ 84 years old; 14 M, 16 F
No evidence of major medical, neurological,

or psychiatric illness

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted trace methodology of
T1-weighted coronal images (4 mm thick,
contiguous) by raters with established
reliabilities

Scanning repeated annually over a mean of
42 months

12 subjects developed cognitive decline
(MMSE < 24) during follow-up
(predementia group)

Ratio of temporal lobe volume/IV declined at
a faster rate in the predementia group
(about 1.27%/year) than in the others
(0%/year)

No group differences in rate of decrease in
hippocampal/IV (about 2%/year) or
parahippocampal volume/IV (about
2.5%/year)

O’Brien et al. 1997 40 healthy community volunteers
55–96 years old
20 M, 20 F
No evidence of major medical or neurological

illness, nor of depression or drug abuse

MR imaging (0.3 tesla)
Ratings of amygdala-hippocampal atrophy

from T1-weighted coronal images (5.1 mm
thick, 0.5-mm gap) by two raters with
established reliabilities, blind to cognitive
scores

Age associated with presence of amygdala-
hippocampal atrophy

Controlling for the effects of age and
education, amygdala-hippocampal atrophy
was associated with lower scores on
CAMCOG, a relation entirely the result of
lower scores on the memory subscale

APPENDIX 9–2. Imaging studies of human aging and brain parenchymal atrophy (continued)
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N. Raz et al. 1997 148 healthy volunteers
18–77 years old
66 M (47.39 ± 8.07 years old); 82 F

(45.72 ± 16.48 years old)
No major medical, neurological, or

psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Blinded volume measurements (digital

planimetry) from scans of T1-weighted
reformatted coronal images (1.3 mm thick,
contiguous)

Good rater reliabilities among eight raters

Adjusted for height, age significantly related
to smaller volumes of whole brain (M = F),
prefrontal gray matter (M = F), inferior
temporal cortex (M > F), fusiform gyrus
(M = F), hippocampal formation (M = F),
primary somatosensory cortex (M = F),
superior parietal cortex (M = F),
prefrontal white matter (M = F), and
superior parietal white matter (M = F)

No age effects were found for anterior
cingulate cortex, parahippocampal cortex,
primary motor cortex, inferior parietal
cortex, visual cortex, and precentral,
postcentral, or inferior parietal white matter

No interactions with laterality
Salat et al. 1997 76 healthy elderly volunteers

65–95 years old (mean 77.7 years)
31 M; 45 F
No major medical or neurological illness, and

no depression
All right-handed, except 1 left-handed F

MR imaging (1.5 tesla)
Area measurements (one of three raters with

established reliabilities) of corpus callosum,
pons, and cerebellum using trace methodology
of T1-weighted midsagittal image

Neuropsychological test battery comprised of
Wechsler Memory Scale and Block Design
subtest of WAIS

Age associated with decreased total, anterior,
and middle callosum areas in F but not in M

No relation of age to pons or cerebellum areas
No relation between any brain measure and

verbal memory or visual construction
Nonverbal memory correlated with

callosum area in F

Coffey et al. 1998 330 elderly volunteers living independently
in the community

66–96 years old (74.98 ± 5.09)
129 M; 201 F
No history of neurological or psychiatric illness
All right-handed

MR imaging (1.5 tesla, n = 248; 0.35 tesla,
n = 82)

Blinded volume measurements (one of two
raters with established reliabilities) using
computer-assisted trace methodology of
T1-weighted axial images (5 mm thick, no
interscan gap)

Adjusting for IV, age associated with decreased
cerebral hemisphere volume (2.79 mL/year)
(M = F), frontal region area (0.13 mL/year)
(M = F), temporal-parietal region area
(0.13 mL/year) (M = F), and parietal-
occipital region (M > F, 0.31 vs. 0.09
mL/year, respectively)

All effects similar in both hemispheres
Davatzikos and

Resnik 1998
114 healthy volunteers
56–85 years old
68 M (70.9 ± 7.6 years),

46 F (69.4 ± 8.0 years old)
All right-handed
No additional details provided

MR imaging (1.5 tesla)
Quantitative morphometry of the corpus

callosum using computer-assisted trace
methodology of T1-weighted midsagittal image
(1.5 mm thick); morphometry was quantitated
using a template and deformation function

No additional details provided

Age associated with decreased total and
regional callosal size (M = F), with exception
of anterior and posterior extremes

(continued)
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Gunning-Dixon
et al. 1998

Same as Raz et al. 1997 MR imaging (1.5 tesla)
Blinded volume measurements (digital

planimetry) from scans of T1-weighted
reformatted coronal images (1.3 mm thick,
contiguous)

Good rater reliabilities among eight raters

Age associated with decreased caudate volume
(L > R in M, R > L in F), decreased putamen
volume (R > L, M = F), and decreased
globus pallidus volume (M only, R = L)

Gur et al. 1998 17 healthy volunteers (overlap with subjects in
Gur et al. 1991 and Cowell et al. 1994)

31.9 ± 8.9 years old
13 M; 4 F

MR imaging (1.5 tesla)
Volume measurements using a combination of

computer-assisted trace methodology and
pixel segmentation of three-dimensional
images reconstructed from T2-weighted
axial images (5 mm thick, contiguous)

Good rater reliabilities, but “blindness” not
specified

Scanning repeated an average of 32 months later

No significant change over follow-up period
in whole brain, CSF, or frontal lobe
volumes

Significant volume loss was observed for
L (7.5%) and R (7.2%) temporal lobes

Guttmann et al.
1998

72 healthy volunteers
18–81 years old
22 M; 50 F
No history of psychiatric illness, epilepsy, or

severe head trauma
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted segmentation and trace
methodology of contiguous axial images
(3 mm thick)

Good interrater reliabilities

Age associated with decreased ratio of total
white matter volume to IV and decreased
total gray matter volume to IV

Interactions with gender or laterality not
reported

Jack et al. 1998 24 elderly volunteers
70–89 years old (81.04 ± 3.78 years)
8 M; 16 F
No active neurological or psychiatric illness
Handedness not specified

MR imaging (1.5 tesla)
Blinded volume measurements using

computer-assisted trace methodology of
T1-weighted three-dimensional volumetric
images (1.6 mm thick, contiguous, n = 124)
by single rater with established reliabilities

Over a 12-month interval, mean hippocampal
volume decreased by 1.55%, and mean
temporal horn volume increased by 6.15%
(M = F, L = R)

Kohler et al. 1998 26 healthy elderly community volunteers
70.8 ± 6.3 years old
12 M; 14 F
No history of neurological or psychiatric

impairment, and no dementia or age-
associated memory impairment on
neuropsychological testing

MR imaging (1.5 tesla)
Blinded volume measurements (one of two

raters, reliabilities ?) using computer-assisted
trace or stereological methods, from
T1-weighted coronal images (1.3 mm thick,
contiguous)

Mattis Dementia Rating Scale and neuro-
psychological testing of verbal recall (California
Verbal Learning Test) and visual recall (Visual
Reproduction Test of WMS-R)

Controlling for age, gender, education, and
head size, a trend was found for a negative
association between hippocampal volume
and delayed verbal recall (CVLT)

No relations observed between para-
hippocampal volume and any memory
measure
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Laakso et al. 1998 42 cognitively normal healthy elderly
community volunteers

64–79 (72 ± 4) years old
19 M; 23 F

MR imaging (1.5 tesla)
Volume measures using computer-assisted trace

methods from T1-weighted coronal images
(2 mm thick, contiguous) by a single blinded
rater with established reliabilities

No relation between age and hippocampal
size

Mueller et al. 1998 46 healthy elderly volunteers
65–74 years old (6 M, 5 F), 75–84 years old

(8 M, 7 F), and 85–95 years old (9 M, 11 F)
All functionally independent, MMSE ≥ 24, and

free of major medical and neurological
illness, as well as depression

Handedness not specified

MR imaging (1.5 tesla)
Volume measurements (nonblind?) using

computer-assisted pixel segmentation of
contiguous coronal images (4 mm thick)

Excellent interrater reliabilities
Scanning repeated annually or biannually over

3- to 9-year follow-up

Adjusting for IV, age associated with
decreased volumes of total brain, cerebral
hemispheres, frontal lobes, temporal lobes,
basilar-subcortical region, hippocampus,
and hippocampal gyrus

Interactions with gender not reported
Over the follow-up period, significant volume

decreases were seen in hippocampus (0.02
mL/year), parahippocampal gyrus (in young-
est group only, 0.05 mL/year), parieto-
occipital region (in middle and oldest age
groups, 3 mL/year), and basilar region (in
middle group only, 0.5 mL/year); no volume
decreases were seen in cerebral hemi-
spheres, frontal lobes, or temporal lobes.

Oguro et al. 1998 152 healthy adults
81 M, 71 F
Age range 40s–70s
No evidence of neurological disease

MR imaging (0.2 tesla)
Linear and area measurements using

computer-assisted trace methodology from
T1-weighted midsagittal image (7 mm thick)
and T2-weighted axial images (no details), by
raters (n = ?) with established reliabilities

Age associated with decreased linear measures
of midbrain tegmentum (M only), midbrain
pretectum (M and F), and base of pons
(M only), but not with pontine tegmentum
or fourth ventricle

Age associated with decreased area of
cerebellar vermis (M only), but not of pons

Age associated with decreased ratio of
cerebrum to IA (M and F) at level of third
ventricle and at level of body of lateral
ventricles

Interactions with laterality not reported
Pfefferbaum

et al. 1998
28 healthy M volunteers (overlap with

Pfefferbaum et al. 1994)
21–68 years old (51 ± 13.8 years)
No major medical, neurological, or

psychiatric illness
Left-handers included (n not specified)

MR imaging (1.5 tesla)
Blinded volume measurements derived from

semiautomated pixel segmentation of
intermediate and T2- weighted axial images
(n = 17–20, 5 mm thick, 2.5-mm interscan gap)

Scanning repeated at 5-year follow-up

Over the follow-up interval, significant
decrease in total gray matter volume and in
regional gray matter volume (prefrontal
gray 2 mL, or 7%; posterior parieto-
occipital gray 1 mL, or 3.5%); no change in
frontal, anterior superior temporal,
posterior superior temporal, or anterior
parietal region gray matter volume

Interactions with laterality not reported
(continued)
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Raz et al. 1998a 146 healthy volunteers (overlap with
N. Raz et al. 1997)

18–77 years old
64 M (48 ± 18 years); 82 F (46 ± 17 years)
No evidence of major medical, neurological,

or psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Blinded volume measurements (digital

planimetry) from scans of T1-weighted
reformatted coronal and sagittal images
(0.8 mm thick, 1.5 mm thick)

Good rater reliabilities

Age associated with volume loss in cerebellar
hemispheres (2%/decade), vermis, vermian
lobules VI and VII (4%/decade), and
posterior vermis (lobules VIII–X; 2%/
decade), but not in anterior vermis (lobules
I–V) or pons

Raz et al. 1998b 95 healthy volunteers (selected from
N. Raz et al. 1997)

18–77 (44.02 ± 16.35) years old
41 M (42.98 ± 17.24 years);

54 F (44.82 ± 15.76 years)
No major medical, neurological, or

psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Blinded volume measurements (digital

planimetry) from scans of T1-weighted
reformatted coronal images (1.3 mm thick,
contiguous)

Good rater reliabilities among eight raters
Neuropsychological test measures of executive

functions and of verbal and nonverbal working
memory, explicit memory, and priming

Age associated with decreased test scores and
with decreased volumes of dorsolateral
prefrontal cortex, orbitofrontal cortex,
pericalcarine cortex, fusiform gyrus, and
hippocampal formation

Using path analysis, atrophy of prefrontal
cortex was related to an index of
perseveration (fromWisconsin Carol Sort
Test) and atrophy of visual processing areas
to nonverbal working memory; volume of
limbic structures was unrelated to any
cognitive measure

Hokama et al 1995 15 healthy M community volunteers
20–55 years old
No lifetime history of major medical,

neurologic or psychiatric illness
All right-handed

MR imaging (1.5 tesla)
Volume measurements of basal ganglia using

semiautomated computer-assisted trace
methodology from T1-weighted coronal and
axial sections (1.5 mm thick, contiguous) by
raters with established reliabilities

Age associated with decreased volumes of
caudate and putamen, but not of globus
pallidus

No correlation between basal ganglia volumes
and IQ as estimated by WAIS-R
Information subscale

Carmelli et al. 1999 148 elderly male monozygotic twins (74 twin
pairs)

72.7 ± 2.1 years old
Medical history remarkable for hypertension

(37%), coronary artery disease (25%),
diabetes (13%), and cerebrovascular
disease (5%)

MR imaging (1.5 tesla)
Volumetric measures using computer-assisted

pixel segmentation of T2-weigthted axial
images (5mm, contiguous) by single blinded
rater with established reliability

Principal component analysis used to derive a
“memory” factor (from California Verbal
Learning Test) and a “speed” factor (from
Digit Symbol subtest of WAIS-R, Stroop
Color Test, and Trail Making Test)

Within-pair differences in brain volume were
associated with within-pair differences in
lower memory scores, but not with “speed”
scores

Relations between CSF and cognitive tests not
reported

APPENDIX 9–2. Imaging studies of human aging and brain parenchymal atrophy (continued)

Study Subjects
Imaging and
measurement technique Findings
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Coffey et al. 1999 330 elderly volunteers living independently in
the community (overlap with Coffey et al.
1998)

66–96 (74.98 ± 5.09) years old
129 M; 201 F
No history of neurologic or psychiatric illness
All right-handed

MR imaging (1.5 tesla, n = 248; 0.35 tesla,
n = 82)

Blinded volume measurements (one of two
raters with established reliabilities) using
computer-assisted trace methodology of
T1-weighted axial images (5 mm thick,
contiguous)

Education was associated with age-specific
increase in sulcal CSF volume, but not with
decreases in total or regional brain volumes
or with increased volumes of lateral or third
ventricles

Fox et al. 1999 15 healthy older adult volunteers
55.3 ± 14.0 years old
Sex and handedness not specified
MMSE = 29.5 ± 0.7

MR imaging (1.5 tesla)
Volumetric measures using computer-assisted

pixel segmentation of coronal images (1.5 mm
thick, contiguous) by raters (n not specified)
with established reliabilities

MR imaging repeated an average (± SD) of
1.7 ± 1.2 years later (minimum
interval = 5 months)

Over the follow up interval, brain volume
decreased by mean (± SD) of 0.4% (± 0.7%)
per year

Frisoni et al. 1999 30 healthy elderly volunteers
53–86 (68 ± 5) years old
10 M; 20 F
No evidence of neurologic disease or cognitive

deficits

MR imaging (1.5 tesla)
Volumetric measures using computer assisted

trace methodology of T1-weighted coronal
images (2 mm thick, contiguous) by rater with
established reliability

No relation between age and volumes of
hippocampus or entorhinal cortex

Magnotta et al. 1999 148 healthy volunteers
18–82 (28 ± 9.8) years old
No evidence of active psychiatric, neurologic,

or general medical disorders

MR imaging (1.5 tesla)
Volumetric measures using computer assisted

pixel segmentation of T1- , intermediate, and
T2-weighted coronal images (1.5 mm thick),
by raters with established reliabilities

Age associated with changes in shape of gyri
(more sharply and steeply curved) and sulci
(more flattened and less curved) (M = F), as
well as with decreased cortical thickness
(M > F)

Mu et al. 1999 619 healthy adult volunteers
40–90 years old
313 M; 306 F
No evidence of cardiovascular, neurologic, or

neuropsychologic disease

MR imaging (1.5 tesla)
Volumetric measures using computer assisted

trace methodology of T1-weighted coronal
images (2 mm thick, contiguous) by 5 blinded
raters (average used)

Age correlated with decreased ratios of
hippocampal formation volume/IV and
amygdala volume/IV, and with increased
ratio of temporal horn volume/IV

Salat et al. 1999 28 healthy elderly community volunteers
(overlap with Kaye et al. 1997)

Young group: 65–76 years old; 7M, 7F
Old group: 84–95 years old; 7M, 7F
No significant medical disease or stroke, and

MMSE ≥ 25

MR imaging (1.5 tesla)
Volumetric measures using computer assisted

trace methodology of T1- and T2-weighted
coronal sections (4 mm thick, contiguous) from
prefrontal region (8 slices per subject) by
single rater with established reliabilities

Old group had smaller volumes of total
prefrontal region and of prefrontal white
matter, but no group differences in volume
of prefrontal gray matter

Note. AAMI = age-associated memory impairment; BVRT = Benton Visual Retention Test; CAMCOG = Cambridge Cognitive Examination; CSF = cerebrospinal fluid; CT = computed to-
mography; CVLT = California Verbal Learning Test; F = female(s); IV = intracranial volume; L = left; M = male(s); MMSE = Mini-Mental State Exam; MR = magnetic resonance; R = right;
WAIS = Weschler Adult Intelligence Scale; WMS-R = Weschler Memory Scale–Revised.
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APPENDIX 9–3. Neuropsychological correlates of subcortical encephalomalacia

Study Subjects
Imaging and
measurement technique Findings

Steingart et al. 1987 105 elderly volunteers
59–91 years old
56 M; 49 F
No evidence of dementia or

stroke

CT
Determination of presence of “leukoaraiosis” by single blinded

rater

Subjects with leukoaraiosis (n = 9) had lower
scores on the Extended Scale for
Dementia than did subjects without the
finding (n = 96), even after controlling for
age, gender, education, and presence of
infarct

Skoog et al. 1996 134 volunteers without
dementia

Mean age = 85 years
45 M; 89 F

CT
Severity rating (0–3) of white matter attenuation by two blinded

radiologists with good agreement (kappa = 0.75%)
Neuropsychological examination by blinded psychologist

comprised of MMSE, Synonym Test, Figure Classification Test,
Block Design Test, Identical forms, Thurstone Picture Memory
Test, Digit Span, Clock Test, Coin Test, MIR Memory Test,
Prose Recall Test, and Ten-Word Memory Test

Subjects with white matter lesions (n = 46)
scored lower on MMSE and on tests of
verbal ability (Synonyms), spatial ability
(Block Design,Clock Test), perceptual
speed (Identical Forms), secondary
memory (Thurstone Picture Memory),
and basic arithmetic (Coin Test)

Brant-Zawadzki et al.
1985

14 elderly volunteers
59–81 years old
6 M; 8 F
No medical conditions

“associated with
cognitive loss”

MR imaging (0.35 tesla)
Standardized severity ratings (5-point scale) of white matter

hyperintensity made by two raters (interrater agreement not
given) from intermediate and T2-weighted scans

No statistical analysis of neuropsychological
test data (10 tests) conducted

One of the 10 subjects with a hyperintensity
rating of 1 or less scored in the “demented
range” on the WMS (Russell revision) and
WAIS-R Block Design

One of the 4 subjects with a hyperintensity
rating of 2 or greater had impaired
performance on WAIS-R Picture
Arrangement

Hendrie et al. 1989 27 elderly volunteers
63–86 years old
10 M; 17 F
No evidence of medical

or neurological illness

MR imaging (1.5 tesla)
Standardized rating by two blinded raters of severity (4-point

scale) of white matter hyperintensity from T2-weighted films
Cognitive test battery comprised of MMSE, CAMCOG, and

WAIS Digit Symbol

No differences (statistical analysis not
described) between the 4 severity
categories of white matter hyperintensity
with regard to scores on the three
cognitive measures
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Hunt et al. 1989 46 elderly volunteers
Mean ± SD age = 78.2 ± 4.6

years old
17 M; 29 F
No evidence of major

medical illness

MR imaging (1.5 tesla)
Single blinded rater determined number (4-point scale) and size

(3-point scale) of white matter hyperintensity changes from
intermediate and T2-weighted scans

Severity score derived from multiplying number by size, summed
across five brain regions

Neuropsychological test battery from which were derived
composite scores for 5 cognitive “domains”—verbal ability
(WAIS-R Information, Boston Naming-Revised, Word List
Generation Task, and Token Test), spatial ability (WAIS-R
Block Design, Rey-Osterreith Complex Figure, and Hooper
Visual Organization Test), memory (Wechsler Memory Scale
(logical and visual) and Rey-Osterrieth Complex Figure),
attention and concentration (MMSE, Blessed Dementia Scale,
Jacobs Dementia Scale, and Digit Span), and executive
functioning (Luria and Christensen tasks)

When controlling for age, no relation
between total severity of white matter
hyperintensity and composite neuro-
psychological performance in any of the
five “domains”

No apparent difference in neuro-
psychological performance between
subjects with more or less than the median
number of white matter lesions (statistical
analysis not reported)

Rao et al. 1989 50 healthy middle-aged
volunteers

25–60 years old
11 M; 39 F
No evidence of major

medical, neurological,
or psychiatric illness

MR imaging (1.5 tesla)
Presence of leukoaraiosis on intermediate and T2-weighted scans

(no description of rating methodology provided)
Neuropsychological test battery comprised of measures of verbal

intelligence (from 6 subtests of the WAIS-R), recent memory
(Buschke Verbal Selective Reminding Test, 7/24 Spatial Recall
Test, Story Recall Test), remote memory (President’s Test), rate
of forgetting (Brown-Peterson Interference Test), abstract/
conceptual reasoning (Wisconsin Card Sorting Test, Booklet
Category Test, Standard Raven Progressive Matrices, Stroop
Color/Word Interference Test, and Hooper Visual Organization
Test), attention/concentration (WAIS-R Digit Span, Sternberg
High Speed Scanning Test, and the Paced Auditory Serial
Addition Test), language (Boston Naming Test, Controlled
Oral Word Association Test, and Category Word Generation

Test), visuospatial skills (Benton Line Orientation, Benton Facial
Recognition, and Benton Visual Form Discrimination), and
upper extremity motor function (Wisconsin Motor Battery)

Relative to subjects without leukoaraiosis
(n = 40), subjects with the finding (n = 10)
performed significantly worse on 3 of the
45 neuropsychological tests (t-tests):
Benton Facial Recognition Test, Brown-
Peterson Interference Test (18-second
delay), and the President’s Test

Austrom et al. 1990 27 elderly volunteers
63–86 years old
10 M; 17 F
No significant medical or

neurological illness

MR imaging (1.5 tesla)
Consensus ratings of white matter hyperintensity (4-point scale)

from T2-weighted axial slices by two raters with established
reliabilities

Subjects without white matter hyper-
intensity at baseline (n = 11) showed a
significant improvement on the WAIS
Digit Symbol test, whereas subjects with
white matter hyperintensity tended to
have lower scores at follow-up

Neither group showed significant changes in
MMSE or CAMCOG scores

(continued)



232
THE

AM
ERICAN

PSYCHIATRIC
PRESS

TEXTBOOK
OF

GERIATRIC
N

EUROPSYCHIATRY,SECON
D

EDITION

Harrell et al. 1991 25 healthy elderly volunteers
Mean ± SD age = 65.6 ± 6.9

years old
Gender not reported
No history of significant

medical, neurological, or
psychiatric illness

MR imaging (0.5 or 1.5 tesla)
Standardized severity ratings (6-point scale) of white matter

hyperintensity by single blinded rater from T1- and
T2-weighted scans

No correlation between severity of either
periventricular or deep white matter
hyperintensity and scores on MMSE or
Mattis Dementia Rating Scale

Mirsen et al. 1991 39 elderly volunteers
73.2 ±5.8 years old
20 M; 19 F
3 subjects with infarcts; an

indeterminate number with
no evaluation (medical,
neurological, or
psychiatric), apart from
cognitive testing, which
was normal

MR imaging (1.5 tesla)
Blinded determination by two raters of presence of

periventricular hyperintensity and severity (5-point scale)
of leukoaraiosis on T1- and T2-weighted films (interrater
agreement ranged from 56% to 88%)

No correlations between presence of either
periventricular hyperintensity or
leukoaraiosis and performance on the
Extended Scale for Dementia

R. Schmidt et al. 1991 32 healthy volunteers
22–49 years old
25 M; 7 F
Most receiving medication

for hypertension, but
otherwise no evidence of
major medical,
neurological, or psychiatric
illness

MR imaging (1.5 tesla)
Blinded determination of white matter lesions from intermediate

and T2-weighted films (no description of rating methodology
provided)

Neuropsychological test battery comprised of a computerized test
of vigilance and reaction time, a test of visual attention (d2 test),
and a test of learning and memory (Lern und Gedächtnistest)

No differences between subjects with
(n = 12) and without (n = 20) white matter
lesions on any of the neuropsychological
tests

Almkvist et al. 1992 23 healthy elderly volunteers
All > 75 years
9 M; 14 F
No major medical,

neurological, or
psychiatric illness

MR imaging (0.02 tesla)
Computer-assisted volumetric measurements of subcortical

hyperintensity by single blinded rater (no intrarater
reliabilities reported)

Neuropsychological test battery comprised of MMSE, 6 subtests
from WAIS-R (Information, Digit Span, Similarities, Block
Design, Object Assembly, and Digit Symbol), Wechsler Memory
Scale (Associative Learning and Visual Reproduction), Corsi
Block Tapping Test, Digit Span Test, Simple Reaction Time
Test, Finger Tapping Test, Boston Naming Test, FAS Word
Fluency Test, Maze Test (from WISC), Map Orientation Test,
Line Bisection Test, and the Tactile Identification of Objects Test

No relationship between total or regional
volumes of subcortical hyperintensity and
performance on any of the 24 neuro-
psychological tests

APPENDIX 9–3. Neuropsychological correlates of subcortical encephalomalacia (continued)

Study Subjects
Imaging and
measurement technique Findings
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Boone et al. 1992 100 healthy volunteers
45–83 years old
36 M; 64 F
No major medical,

neurological, or
psychiatric illness

MR imaging (1.5 tesla)
Computer-assisted area measurements of subcortical

hyperintensity from T2-weighted axial sections by single
rater (additional rater information not reported)

Neuropsychological test battery comprised of measures of frontal
lobe functioning (Wisconsin Cart Sorting Test, Stroop 3,
Auditory Consonant Trigrams), general intelligence (WAIS-R),
memory (Wechsler Memory Scale-R logical and visual
reproduction subtests), attention and information processing
speed (WAIS-R Digit Span and Digit Symbol subtests, Stroop 1
and 2), language (Verbal Fluency), and visuospatial skills
(Rey-Osterrieth Complex Figure)

Subjects (n = 6) with lesion areas greater
than 10 cm2 performed less well on
measures of frontal lobe ability (Auditory
Consonant Trigrams, Wisconsin Card
Sorting Test [Heaton 1985], and Stroop
Test), attention (Digit Span), and speed of
information processing (Digit Symbol,
Stroop Test)

Matsubayashi et al. 1992 73 healthy elderly
volunteers

59–83 years old
24 M; 49 F
No history of major

medical, neurological,
or psychiatric illness

MR imaging (0.5 tesla)
Standardized severity ratings (4-point scale) of periventricular

hyperintensity by single blinded rater (intrarater agreement
not reported)

Neuropsychological test battery comprised of MMSE, Hasegawa
Dementia Scale (Hasegawa 1974), a visuospatial cognitive
performance test, and a test of manual dexterity

Subjects with periventricular hyperintensity
ratings of 3 or greater (n = 19) performed
worse on all neuropsychological test
measures even after controlling for age
effects

Tupler et al. 1992 66 healthy volunteers
(overlap with subjects
in Coffey et al. 1992)

45–89 years old
24 M; 42 F
No evidence of lifetime

neurological or psychiatric
illness

MR imaging (1.5 tesla)
Consensus ratings (4-point scale) of severity of white matter

hyperintensity from axial scans by two blinded raters with
established reliabilities

Two neuropsychological tests were selected a priori: the Benton
Facial Recognition Test and the Digit Symbol

After adjustments for age and education,
neither test was associated with severity of
subcortical hyperintensity

Levine et al. 1993 127 healthy nonelderly
volunteers

50 M (35.2 ± 11.8 years old);
77 F (43.3 ± 8.4 years old)

No history of significant
medical, neurological,
or psychiatric illness

MR imaging (0.5 tesla)
Presence of subcortical hyperintensity

determined by three “experienced
neuroradiologists” from intermediate and
T2-weighted axial scans (no additional data
provided)

Neuropsychological test battery comprised of measures of general
intellectual functioning (WAIS-R), frontal lobe functioning
(Wisconsin Card Sorting Test), attention (Digit Span Task,
binaural dichotic listening task), and visuospatial functioning
(Benton Line Orientation, Benton Facial Recognition)

Among subjects with subcortical
hyperintensity (5 M, 7 F), M exhibited
impaired attention on a dichotic listening
task, relative to subjects without
subcortical hyperintensity

(continued)
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R. Schmidt et al. 1993 150 healthy elderly
volunteers

44–82 years old
(mean = 59.9)

82 M; 68 F
No severe medical,

neurological, or
psychiatric illness

MR imaging (1.5 tesla)
Area of SH as assessed by three blinded raters using trace

methodology on proton-density axial images (5 mm thick)
Neuropsychological test battery assessing verbal intelligence

(Mehrfachwahl-wortschatetest), mood (Janke and Debus),
learning capacity and intermediate memory (Lern und
Gedächtnistest), conceptual reasoning (Wisconsin Card
Sorting Test), attention and speed (multiple tests), and
visuopractical skills (Purdue Pegboard Test)

Presence of SH associated with Purdue
Pegboard Test (complex reaction time,
number of errors on the complex reaction
time task, the assembly procedure) and
form B of the Trail Making Test

No relation between the total SH area
and any test score

Ylikoski et al. 1993 120 volunteers living in the
community

55–85 years old
54 M; 66 F
No evidence of neurological

illness

MR imaging (0.02 tesla)
Blinded severity ratings (4-point scale) of SH from

T2-weighted axial and coronal images (10 mm thick, no
gaps) by single blinded rater (no reliabilities given)

Neuropsychological test battery assessing memory (Fuld
Object-Memory Evaluation, WMS-R), verbal intelligence
(Information and Similarities subtests of WAIS), construction
(Block Design of WAIS), language (Token Test, Boston Naming
Test), and speed and attention (Trail Making Test A,
Stroop Test)

Controlling for the effects of age, both
presence and severity of SH correlated
with scores on Trail Making A and Stroop
Test (correlations were similar for both
hemispheres)

DeCarli et al. 1995 51 healthy community
volunteers

19–91 years old
26 M; 25 F
No evidence of chronic

medical illness, psychiatric
illness, or head trauma

MR imaging (0.5 tesla)
Computer-assisted volumetric measurements of SH by blinded

raters (n = ?) with established reliabilities
Neuropsychological test battery comprised of WAIS, Wechsler

Memory Scale, and frontal lobe tests (Porteus Maze Test, FAS
Word List Generation, Trail Making Test A and B, and WAIS
Digit Symbol Test)

Controlling for the effects of age and
education, SH volume was significantly
associated with WAIS IQ, immediate and
delayed visual memory, and Trails
A and B times

O’Brien et al. 1997 39 healthy community
volunteers

55–96 years old
No evidence of major

medical or neurological
illness, or of depression or
drug abuse

MR imaging (0.3 tesla)
Ratings of SH (0–3) by two raters withestablished reliabilities,

blind to cognitive scores

Age associated with presence of SH
Controlling for the effects of age and

education, there was no relation between
SH and scores on CAMCOG

APPENDIX 9–3. Neuropsychological correlates of subcortical encephalomalacia (continued)

Study Subjects
Imaging and
measurement technique Findings



Anatom
ic

Im
aging

ofthe
Aging

Hum
an

Brain
235

Carmelli et al. 1999 148 elderly male
monozygotic twins
(74 twin pairs)

72.7 ± 2.1 years old
Medical history remarkable

for hypertension (37%),
coronary artery disease
(25%), diabetes (13%),
and cerebrovascular

disease (5%)

MR imaging (1.5 tesla)
Volumetric measures using computer-assisted pixel segmentation

of T2-weigthted axial images (5 mm, contiguous) by single
blinded rater with established reliability

Principal component analysis used to derive a “memory” factor
(from California Verbal Learning Test) and a “speed” factor
(from Digit Symbol subtest of WAIS-R, Stroop Color Test, and
Trail Making Test)

Within-pair differences in volume of
subcortical hyperintensity was associated
with within pair differences in lower
memory and speed scores

Schmidt et al. 1999 273 elderly community
volunteers

60 ± 6.1 years old
131 M, 142 F
No evidence of

neuropsychiatric disease

MR imaging (1.5 tesla)
Consensus global ratings of SH (0–3 scale) by three blinded raters

with established reliabilities
Neuropsychological test battery comprised of Baumler’s Lern-und

Gedächtnistest (learning and memory), Wisconsin Card Sort
Test, Trail Making Test B, Digit Span (WAIS-R), Alters-
Konzentrations-Test, and Purdue Pegboard Test

Over the 3-year follow-up interval, SH
progressed in 49 subjects (17.9%), with
minor progression in 27 (9.9%) and
marked progression in 22 (8.1%)

Neuropsychological test performance
improved on the Wisconsin Card Sort
Test but declined on the Trail Making
Test

No relation between SH lesion progression
and changes on neuropsychological test
performance

Note. Abbreviations: CAMCOG = Cambridge Cognitive Examination; CT = computed tomography; F = female(s); M = male(s); MMSE = Mini-Mental State Exam; MR = magnetic reso-
nance; SH = subcortical hyperintensity; WAIS-R = Wechsler Adult Intelligence Scale–Revised; WMH = white matter hyperintensities; WMS-R = Wechsler Memory Scale–Revised.
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APPENDIX 9–4. Imaging studies of human aging and other brain changes

Study Subjects
Imaging and
measurement technique Findings

T1 and T2 relaxometry
N. Raz et al. 1990 26 healthy volunteers

18–76 years old (45.8 ± 21.8 years)
15 M; 11 F
No history of neurological or

psychiatric illness
All right-handed

MR imaging (0.3 tesla)
T1 relaxometry calculated from multiple images

derived from a single coronal slice (6.6 mm
thick, 2-mm gap) through anterotemporal
lobe

Number of raters and their reliabilities not
reported

Age correlated positively with T1 in white
matter and hippocampus and negatively
with ratio of T1 gray matter to T1 white
matter

Scores on a test of “fluid” intelligence (the
Cattell Culture-Fair Test) were associated
with shorter white matter T1 (but not
gray matter T1) and with higher gray
matter to white matter T1 ratio

Scores on a test of “crystallized” intelligence
(Extended Vocabulary) were associated
with shorter gray matter T1

Agartz et al. 1991 79 healthy volunteers
19–85 years old
36 M; 43 F
No evidence of major medical illness

MR imaging (0.02 tesla)
Multiple T1- and T2-weighted images obtained

on single axial slice at level of basal ganglia
T1 and T2 relaxation times calculated for

regions of interest within right and left frontal
white matter, caudate, thalamus, and occipital
white matter

T1 relaxation times showed a
“cradle-shaped” relation to age, with
minimal values at ages 40–45 years; no
interactions with gender or laterality

No relation between age and T2
relaxation times

Breger et al. 1991 151 healthy volunteers
10–90 years old
No evidence of major medical or

neurological illness

MR imaging (1.5 tesla)
Multiple T1- and T2-weighted images

obtained on single slice (level not specified)
T1 and T2 relaxation times calculated for

regions of interest within right and left anterior
white matter, posterior white matter, anterior

gray matter, and basal ganglia

Age correlated with T1 relaxation times in
white matter and caudate

Age correlated with T2 relaxation times in
white matter and thalamus

No interactions with gender

Laakso et al. 1996 34 volunteers
18 old (74 ± 2 years old); 8 M, 10 F
16 young (26 ± 7 years old); 9 M, 7 F
No evidence of neurological illness

MR imaging (1.5 tesla)
T2 relaxometry calculated from multiple

images derived from four oblique coronal
slices (8 mm thick, 2-mm gap) through
anterotemporal lobe

Number of raters and their reliabilities not
specified

Age correlated with T2 relaxation times in
temporal and parietal white matter, but
not in hippocampus



Anatom
ic

Im
aging

ofthe
Aging

Hum
an

Brain
237

Salonen et al. 1997 61 healthy volunteers
30–86 years old
30 M; 31 F
No neurological symptoms or disease;

psychiatric history not specified
Handedness not specified

MR imaging (1.0 tesla)
T2 relaxometry calculated from axial slices

(5 mm thick, 1-mm gap) through the frontal
horns

Number of raters and rater reliabilities not
specified

Age correlated with T2 relaxation times in
white matter, but not in caudate,
putamen, or thalamus

T2 relaxation times were greater in F than
in M after age 60

Spectroscopy
Christiansen et al.

1993
16 healthy volunteers
8 young (20–30 years), 8 old (60–80 years)
No neurological, cardiovascular, or diabetic

diseases, and no medications

MR imaging (1.5 tesla)
MR spectroscopy (stimulated echoes, or

STEAM) of volumes of interest (2 mL) from
right basal ganglia and frontal, temporal, and
occipital hemispheres

Young (but not old) group had higher
concentrations of NAA in occipital region
than in the other three areas. No regional
variations found in either group for
concentrations of Cr, PCr, or Cho

Young (but not old) group had higher
NAA/Cho ratio in occipital region
relative to other regions

No group differences in T1 or T2
relaxation times for the three metabolites

Charles et al. 1994 34 healthy volunteers
21–75 years old (47 ± 17 years)
15 M; 19 F
No evidence from examination of

“significant medical or psychiatric
condition”

MR imaging (1.5 tesla)
MR spectroscopy (STEAM) of voxel

(27 mL) at level of basal ganglia

Old (> 59 years old) group had lower Cho,
Cr, and NAA in voxel containing cortical
and subcortical gray matter. No group
differences within white matter or
noncortical gray matter voxels

Interactions with gender not reported

Meyerhoff et al. 1994 16 healthy volunteers
10 elderly (6 M, 4 F; 70 ± years), 6 young

(4 M, 2 F; 32 ± years)
No evidence of major medical, neurological,

or psychiatric illness, and MMSE > 28

MR imaging (2.0 tesla)
MR spectroscopy of 9 voxels (2.5 mL each)

from angulated axial image (17 mm thick) at
supraventricular level (3 voxels in mesial cortex
and 3 each in right and left centrum semiovale)

No difference between young and elderly
groups in distribution or signal intensities
of NAA, of Cho residues representing
lipid metabolites, or of Cr-containing
metabolites

Interactions with gender or laterality not
reported

Smith et al. 1995 25 healthy volunteers
8 old (75 ± 7 years old); 5 M, 3 F
17 young (29 ± 9 years old); 9 M, 8 F
No neurological illness and no psychoactive

drugs for at least 2 weeks

MR (1.5 tesla)
MR spectroscopy of voxel (50 mL) from

anterosuperior frontal lobe

Old group had higher ratio of PCr/Pi
In young group, age correlated with a

decrease in Pi mole percent and an
increase in PCr/ Pi ratio

Interactions with gender not reported

(continued)



238
THE

AM
ERICAN

PSYCHIATRIC
PRESS

TEXTBOOK
OF

GERIATRIC
N

EUROPSYCHIATRY,SECON
D

EDITION

Chang et al. 1996 36 healthy volunteers
19–78 years old (40.8 ± 2.9 years)
No additional details provided

MR imaging (1.5 tesla)
MR spectroscopy of voxels (2–4 mL) from

mid-frontal gray matter or right frontal
white matter

In gray matter, age associated with
increased concentrations of total Cr,
Cho-containing compounds, and myo-
inositol, as well as increased percent age
of CSF; no change in NAA compounds

No age-related spectroscopic changes in
white matter

Soher et al. 1996 16 healthy volunteers
5–74 years (39 ± 20)
11 M; 5 F
All “free of any known neuropathological

conditions”

MR imaging (1.5 tesla)
MR spectroscopy of voxels from two oblique

slices (15 mm thick, 2.5-mm gap) at levels of
third ventricle and centrum semiovale

Age associated with increased con-
centrations of Cho in frontal white
matter, thalamus, putamen, and genu of
callosum, and of Cr in frontal white
matter; no changes in forceps minor or
major, centrum semiovale, posterior
white matter, splenium of callosum, or
frontoparietal gray matter

Fukuzako et al. 1997 36 healthy volunteers
24–78 years old (48.8 ± 14.6 years)
17 M; 19 F
No history of psychiatric or neurological

illness, no medications
All right-handed

MR imaging (2.0 tesla)
MR spectroscopy (STEAM) of voxels (3 mL)

from left frontal lobe and left medial temporal
lobe

No relation between age and ratios of NAA/
Cho, NAA/Cr, and Cho/Cr (M = F)

Lim and Spielman
1997

10 healthy F volunteers
5 young (20–28 years), 5 old (65–75 years)
All free of medical and psychiatric disorders

MR imaging (1.5 tesla)
MR spectroscopy of two oblique axial slices

(15 mm thick, 5-mm gap) at 30 mm and
50 mm above the AC-PC line

Ratio of NAA signal in gray matter to white
matter was lower in the old group than in
the young group

Brain iron
Steffens et al. 1996 56 healthy volunteers

25–82 years old (57.4 ± 15.8 years)
27 M; 29 F
No history of neurological or

psychiatric illness
52 were right-handed, 3 were left-handed,

1 unknown

MR imaging (1.5 tesla)
Global visual ratings of signal hypointensity in

the putamen (5-point scale) made from
T2-weighted axial films (slices 5 mm thick,
2.5-mm gap) by single rater (blind?)

Age associated with higher ratings of signal
hypointensity in putamen consistent with
increased iron deposition

Interactions with gender not reported

Note. AC-PC line = anterior commissure–posterior commissure line; Cho = choline; Cr = creatine; CSF = cerebrospinal fluid; F = female(s); M = male(s); MR = magnetic resonance;
NAA = N-acetylaspartate; Pi = inorganic phosphate; PCr = phosphocreatine.

APPENDIX 9–4. Imaging studies of human aging and other brain changes (continued)

Study Subjects
Imaging and
measurement technique Findings
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Functional Brain Imaging

Cerebral Blood Flow and Glucose Metabolism in
Healthy Human Aging

Pietro Pietrini, M.D., Ph.D.

Stanley I. Rapoport, M.D.

Senectus enim insanabilis morbus est.

—Seneca, Epistolae

Getting older may be bad, but the alternative is worse.

—Anonymous older participant in
the Laboratory of Neurosciences
Research Program on Aging, 1997

Introduction

That aging is invariably associated with changes in body
and mind has been known since the ancient days. The Ro-
man philosopher Seneca wrote, “aging in fact is an incur-
able disease.” Although advances in health care during the
last decades have improved the quality of life of older peo-
ple and have softened Seneca’s statement, it remains true

that the human body and mind undergo inevitable modifi-
cations during aging, even in the absence of evident dis-
ease.

As far as the brain is concerned, many cognitive,
neurochemical, histological, and morphological changes
are known to accompany aging. Neuropsychological tests,
for example, have shown that some cognitive features, re-
ferred to as “fluid intelligence,” including perceptual
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speed, memory span, and associative memory, usually de-
cline with age, whereas others, referred to as “crystallized
intelligence,” including verbal comprehension, general in-
formation, and arithmetic skills, remain intact (Horn
1975). This suggests that a large part of cognitive process-
ing, related to the ability to cope with the environment, is
preserved in older people (Creasey and Rapoport 1985).
Long before the development of the cognitive sciences, the
French essayist Montaigne (1580/1952), provided a clear
description of the phenomenon: “Since I was 20 years of
age, I am certain that my mind and body have deteriorated
more than they have developed. It is likely that knowledge
and experience increase with aging, but activity, alertness,
strengthandother importantqualitiesneverthelessdecline.”

Different experimental approaches have been used to
examine the functional neurobiological correlates of these
alterations. In the past two decades, the introduction of so-
phisticated imaging techniques such as positron-emission
tomography (PET) has made it possible to visualize cere-
bral metabolism and blood flow in vivo and to investigate
metabolic and flow correlates of brain function and struc-
ture in relation to human aging. In this chapter, we describe
these and earlier related techniques and examine how func-
tional neuroimaging has helped to elucidate aging of the
human brain.

Historical Background:
Kety-Schmidt and Xenon-133 Techniques

Noninvasive measurements of brain function have been
sought since the beginning of modern medicine. Normally,
the brain produces the energy necessary for its functioning
through oxidation of glucose. Although comprising only
2% of body weight in the adult, the human brain consumes
about 20% of glucose used by the body as a whole (Sokoloff
1959). Neurons require energy in the form of adenosine
triphosphate (ATP) to maintain their membrane potentials
through activation of the Na+/K+ membrane pumps to sup-
port their electrical activity for signal transduction
(Purdon and Rapoport 1998) and for synthetic processes.
Accordingly, the regional cerebral metabolic rate for glu-
cose (rCMRglc) will represent largely the functional and
baseline metabolic activity of neurons in a given region
(Rogers and Friedhoff 1998). Furthermore, because re-
gional cerebral blood flow (rCBF) normally is coupled with
rCMRglc (Roy and Sherrington 1890), the earliest clinical
investigations by Kety and Schmidt (1948) were designed
to determine in vivo average cerebral blood flow (CBF) in
order to examine global brain functional activity. The tech-
nique chosen was based on the Fick principle, which relates
arterial delivery of a chemically inert substance, its brain

uptake, and its removal by the venous system. This method
did not provide regional information, and it was invasive
because it required a carotid artery injection and internal
jugular sampling of nitrous oxide, a freely diffusible and
nonmetabolizable substance. Initial studies with the
Kety-Schmidt technique confirmed that global CBF and
the cerebral metabolic rate for oxygen (CMRO2) were cor-
related. Both rapidly decreased from childhood to adoles-
cence, followed by a more gradual but progressive decline
throughout the adult life span (Kety 1956).

Subsequent modifications of the original method led
to the clearance technique that used the γ-emitting isotope
xenon-133 (133Xe) (Obrist et al. 1967, 1975; Risberg 1980).
With this method, it was possible to quantify rCBF in re-
gions of the cerebral cortex after inhalation or intracarotid
artery injection of 133Xe and, when using extracranial scin-
tillation crystals, to record and localize radioactivity. Al-
though the 133Xe methods were an improvement over the
Kety-Schmidt technique, their limited spatial resolution
and inability to examine subcortical structures restricted
investigations to large areas of the lateral surface of the ce-
rebral cortex. Studies performed with 133Xe consistently in-
dicated an age-related decline in cortical blood flow.

In addition to technical limitations, methodological
restrictions affected conclusions obtained with the
Kety-Schmidt and 133Xe clearance techniques. Most stud-
ies did not select optimally healthy subjects, blurring dis-
tinctions between effects of healthy aging and of
age-related brain disease on CBF. Thus, subjects were re-
cruited from hospitalized patients having “minor elective
surgery” (Scheinberg et al. 1953) or “minor illness”
(Schieve and Wilson 1953), or even from patients with a
history of convulsive disorder (Kennedy, in Kety 1956). Pa-
tients with a history of psychosis, mental deterioration, or
other degenerative processes often were included, and
study conditions frequently were uncontrolled. With the
exception of the study by Melamed et al. (1980), 133Xe mea-
surements were not performed with subjects in the “resting
state,” with eyes covered and ears plugged with cotton to
minimize sensory stimulation. As vision and hearing acu-
ities on average decline with age (Lehnert and Wuensche
1966), observed age-related flow reductions in subjects not
studied in the “resting state” may be in part a result of these
extrinsic changes, rather than a result of reduced intrinsic
brain functional activity (see below) (Rapoport 1983).

Positron-Emission Tomography

During the last two decades, PET has facilitated the
noninvasive investigation of brain functional activity in
awake human subjects, not only in the cerebral cortex but
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also in subcortical structures, with progressively better
spatial and temporal resolutions. A number of posi-
tron-emitting compounds have been employed to study
various aspects of brain integrity and function, including
neurotransmitter metabolism. It is now possible to deter-
mine rCBF, rCMRglc, and the regional cerebral metabolic
rate for oxygen (rCMRO2) in regions of the human brain
smaller than 3 mm in diameter (Jagust et al. 1993).
Radiolabeled transmitters (i.e., [18F]fluoro-L-dopa) and
transmitter receptors (i.e., serotonin or dopamine recep-
tors) can also be studied with PET. More recently, measur-
ing in vivo signal transduction with PET using
[11C]arachidonic acid has become feasible (Chang et al.
1997; Rapoport et al. 1997). PET scans can be repeated,
thus allowing brain functional patterns to be evaluated in
the same subject under different test conditions (resting
state versus sensory stimulation), before and after drug ad-
ministration, or in longitudinal studies of aging.

Basic Principles of Positron-Emission
Tomography Technology

PET employs unstable nuclides that have an excess of pro-
tons in their nucleus and thus emit positrons, antimatter
electrons with the same mass as an electron but with a posi-
tive charge. Once emitted, a positron has the kinetic energy
to travel a few millimeters within tissue, until it meets an
unbound electron. Because the two particles have opposite
charge, they annihilate each other and, following the law of
conservation of energy, emit two γ ray photons of 511 keV
energy at 180° to each other (Horwitz 1990) (Figure 10–1).
The γ photons are detected by rings of radiation detectors
that surround the subject’s head and measure the number of
photons originating from all the angles within the brain.
Through a computer reconstruction algorithm, it is possi-
ble to identify where the annihilation event took place and
from where the positron was emitted (with an approxima-
tion of a few millimeters because of the distance traveled by
the positron before the event of annihilation), as well as the
quantity of radiation emitted from that site.

Regional cerebral blood flow. ByemployingPET
and water labeled with oxygen-15 (15O), rCBF can be as-
sessed. Water is an excellent flow indicator because it is al-
most freely diffusible at physiological flow rates and can
quickly equilibrate between brain and blood. Immediately
after an intravenous injection of a bolus of 10–40 mCi of
radiolabeled water (depending on the sensitivity of the
tomograph employed), a dynamic acquisition PET scan is
obtained to measure local cerebral radioactivity during the
subsequent 1–4 minutes. Radioactivity concurrently is

monitored in the blood through an indwelling arterial line
connected to an automatic counter. Using this method, it is
possible to determine absolute rCBF values, expressed in
mL/100 g tissue/minute.

In a variant of this procedure, the subject continuously
inhales 15O-labeled carbon dioxide, which in the lung gives
rise to 15O-labeled water. When a steady state is reached,
and the rate of delivery of radioactive water to the brain
equals its rate of removal by venous washout, measured
brain radioactivity is directly proportional to the constant
input function, which is a function of rCBF (Frackowiak
and Lammertsma 1985).

Because the 15O in water has a rapid radioactive decay
(half-life = 2.02 minutes), multiple studies only 6–12 min-
utes apart can be performed sequentially in the same sub-
ject. This makes it possible to evaluate rCBF repeatedly in a
single sitting, while the subject is in the resting state or per-
forming any of several tasks. By subtracting baseline rCBF
from task rCBF, regions that are specifically and signifi-
cantly activated during the task can be identified. In such
studies, global CBF frequently is corrected for arterial
blood PaCO2, which should be measured.

Cerebral glucose metabolism. By using PET
with [18F]fluoro-2-deoxy-D-glucose (FDG), an analogue
of glucose labeled with 18F, it is possible to visualize and
measure the uptake of FDG by neural cells in different
brain regions in an awake subject. FDG reaches the brain
through blood flow and, like glucose, can be transported
bidirectionally across cerebral capillaries by a mono-
saccharide transport system. Once inside brain cells, FDG
is phosphorylated to FDG-6-phosphate (FDG-6-P) by the
enzyme hexokinase. Unlike glucose-6-P, however,
FDG-6-P cannot be transformed into fructose-6-P and is
not further metabolized by glycolytic pathway enzymes. As
brain phosphatase activity is low, FDG-6-P remains essen-
tially trapped inside brain cells, virtually unchanged during
the duration of the study (Sokoloff 1982) (Figure 10–2).

The quantity of FDG-6-P that has accumulated in a
brain region during 45 minutes after FDG injection is mea-
sured by PET and is a function of the rate of phospho-
rylation of glucose to glucose-6-P by hexokinase, the first
reaction in the glycolytic pathway, and the plasma integral
of FDG to which the brain is exposed. At a steady state with
regard to unlabeled concentrations, the net rate of any step
in a pathway equals the net rate of the overall pathway; thus,
the net rate of glucose phosphorylation estimated with
FDG represents the net flux of glucose through the entire
glycolytic pathway. Sokoloff et al. (1977) elaborated an op-
erational equation to calculate rCMRglc from 1) the quan-
tity of FDG-6-P within brain, 2) the ratio of the integrated
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plasma activity of FDG to cold plasma glucose concentra-
tion during 45 minutes, and 3) a “lumped constant” to cor-
rect for the use of FDG instead of the natural glucose (“iso-
tope effect”) (Huang et al. 1980).

A detailed description of the physical principles and
the technical and methodological aspects of PET goes far
beyond the aims of this review; the interested reader may
refer to Herscovitch (1994), Holcomb et al. (1989), and
Mazziotta and Phelps (1986).

Positron-Emission Tomography
Studies in Healthy Aging

Regional Cerebral Blood Flow and
Oxygen Consumption

PET has allowed researchers to overcome many of the lim-
itations of earlier techniques and to obtain more reliable
information about relations among regional cerebral me-
tabolism, rCBF, and age. Results of human aging studies
with regard to rCBF and rCMRO2 are summarized in Ta-
ble 10–1. The table shows that, in general, studies per-

formed in the resting state (reduced auditory and visual in-
put) demonstrated lesser changes than those in which
visual and/or auditory input was uncontrolled.

In accord with conclusions from a majority of studies
performed with the 133Xe technique, initial PET studies us-
ing the steady-state 15O inhalation method supported a de-
crease of rCBF with aging. Frackowiak et al. (1983, 1984)
found a 28% reduction in mean gray matter rCBF in a
group of 14 older subjects compared with 18 young sub-
jects, not studied in the resting state. The regression be-
tween rCBF and age was statistically significant and had a
slope of −4.9 mL/100 g/minute/decade. rCMRO2 in gray
matter was significantly decreased by −19% in the older
subjects, but failed to show a significant regression with
age. White matter showed no rCBF group difference. The
tendency of the oxygen extraction ratio (OER, the ratio of
rCMRO2 to rCBF) to be elevated in the elderly group
(Frackowiak and Gibbs 1983), if confirmed, could be an
early sign of hemodynamic decompensation increasing
neuronal vulnerability and characterize subjects with
cerebrovascular disease (Yao et al. 1990). An age-associated
decline in rCBF in temporosylvian, medial frontal, and vi-
sual medial occipital areas also was demonstrated in 19
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FIGURE 10–1. Positron-emission tomography (PET) detection. After the annihilation of a positron (β+) with an electron (β−),
two γ rays are emitted in diametrically opposite directions. These γ rays are detected by the PET machine, and their local site of
origin and intensity are reconstructed. KeV = kiloelectron volts.



“hospitalized patients with nonacute illness,” using
low-resolution PET in subjects with eyes closed but ears
unobstructed (Lebrun-Grandie et al. 1983).

In a later study, the same group (Pantano et al. 1984)
examined 27 “healthy hospitalized patients” ages 19–76
years and found a significant linear decline with age of gray
matter rCBF (3.2 mL/100 g/minute/decade) but not of
rCMRO2. When the younger (< 50 years old) and older
(> 55 years old) subjects were compared, both mean rCBF
and rCMRO2 were decreased significantly in the older
group (by −18% and −17%, respectively). Decreases were
mostly in frontal, temporosylvian, and parieto-occipital
cortical areas. White matter rCBF and rCMRO2 did not
differ between groups. Although the OER was age invari-
ant, no correction for a possible difference in cerebral
blood volume (CBV) was performed.

Takada et al. (1992) in an inadequately described study
also reported a significant linear decline with age for
CMRO2 but not for rCBF, and only in the association neo-
cortex of the left hemisphere. Significant age reductions of
rCBF in the frontal cortex and insular gray matter and of
rCMRO2 and regional cerebral blood volume (rCBV) in
white matter and in many cortical areas were reported in

healthy subjects between 22 and 82 years of age with eyes
closed but ears unobstructed (Leenders et al. 1990). Rates
of decline approximated 0.5%/year. OER significantly in-
creased with age in some cortical regions.

In contrast to these results, no age difference in mean
rCBF, OER, or CBV was noted in 22 healthy volunteers,
whereas mean gray rCMRO2 significantly decreased with
age (Yamaguchi et al. 1986). A slight increase of PaCO2 and
a decrease of hematocrit observed in the older subjects
could have tended to elevate rCBF in this study, masking an
age-related decrease.

Structural changes, such as enlargement of the CSF
spaces and cortical atrophy, have been claimed to be re-
sponsible for intrinsic (by reducing the number of neurons
in the gray matter) and apparent (by increasing partial vol-
ume effects of cerebrospinal fluid or white matter) age de-
clines in rCBF. However, despite evidence of progressive
cortical atrophy by X-ray computed tomography (CT), no
significant decrease in rCBF or rCMRO2 was detected in
healthy subjects between 50 and 85 years of age (Itoh et al.
1990). High-resolution morphometric measurements of
brain structures, which can now be obtained by using mag-
netic resonance imaging (MRI), can be co-registered with
functional PET images. As we discuss later, this methodol-
ogy has begun to be applied to correct for brain atrophy
rCMRglc data obtained in neurodegenerative disorders,
and it could be employed also to demonstrate to what ex-
tent atrophy influences PET-rCBF measurements in the
elderly.

With high-resolution PET and a sophisticated
method of anatomical localization, statistical parametric
mapping (Friston et al. 1990, 1995), Martin et al. (1991) re-
cently reported a significant age-related decline in rCBF in
limbic regions and in bilateral temporal, parietal, and fron-
tal association cortices, more in the left than right hemi-
sphere. These changes in subjects studied with eyes closed
and ears unobstructed were unrelated to differences in
global CBF and thus were thought to represent an
age-related redistribution of rCBF (Martin et al. 1991).

As illustrated in Table 10–1, PET studies relating
rCBF and rCMRO2 to age have differed technically and
methodologically, and it is not surprising therefore that re-
sults have been inconsistent and have not led to firm con-
clusions. Early PET studies employed low-resolution
scanners, with limited anatomical definition of cortical and
subcortical structures and significant error as a result of
“partial voluming” (see below). Subjects ranged from
“healthy hospitalized patients” (Pantano et al. 1984) or
“hospitalized patients with nonacute illness” (Lebrun-
Grandie et al. 1983) to carefully screened healthy volun-
teers (Eustache et al. 1995; Marchal et al. 1992), and cogni-
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FIGURE 10–2. Fluorodeoxyglucose model.
[18F]Fluoro-2-deoxy-D-glucose (FDG) reaches the brain via
blood and is transferred across brain capillaries and into cells
with an influx rate constant equal to K1. Once inside cells,
FDG is phosphorylated to FDG-6-P by the enzyme
hexokinase, at a rate equal to K3. FDG-6-P remains essentially
trapped intracellularly because the rate of dephosphorylation,
K4, is quite slow as a result of a low brain activity of the en-
zyme glucose-6-P phosphatase. K2 is the rate constant for
efflux of FDG from cells to blood. Cp* is the concentration of
FDG in plasma; Ci* is its concentration in brain.
Source. Reprinted from Grady CL, Rapoport SI: “Cerebral
Metabolism in Aging and Dementia,” in Handbook of Mental
Health and Aging. Edited by Birren J, Sloane RB, Cohen G.
San Diego, CA, Academic Press, 1992, pp. 201–228.
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TABLE 10–1. Summary of principal studies and methods and techniques used with positron-emission tomography (PET), relating regional

cerebral blood flow (rCBF) and regional cerebral metabolic rate for oxygen (rCMRO2) in human subjects to age

Study Subjects PET procedure Results and comment
Lebrun-Grandie et al.

1983
14 M, 5 F (19–76 yr)
Hospitalized patients with

nonacute illness

Oxygen-15
Steady state
ECAT (FWHM 19 mm)
Eyes closed; ears open
Measured attenuation

rCBF declined with age in temporosylvian, medial
frontal, and medial occipitovisual regions. No age
effect on CMRO2.

Frackowiak and
Gibbs 1983

18 young (24–43 yr)
14 older (49–74 yr)

Oxygen-15
Steady state
ECAT II (FWHM 17 mm)

Gray matter: 19% CMRO2 and 28% rCBF reductions;
− 0.5 mL/100 mL/min/year.

Pantano et al. 1984 19 M, 8 F (19–76 yr)
Healthy hospitalized patients

Oxygen-15
Steady state
ECAT II (FWHM 17 mm)

CMRO2 significantly reduced in the older group;
rCBF: −0.32 mL/100 mL/min/year.

Yamaguchi et al. 1986 17 M, 5 F (26–64 yr)
(14 < 50 yr; 8 > 50 yr)
Healthy, no medications

Oxygen-15
Steady state
HEADTOME III (FWHM 8.2 mm)

Gray matter CMRO2: linear negative correlation with
age. No difference in rCBF, OER, CBV.

Itoh et al. 1990 17 M, 11 F (50–85 yr)
Healthy volunteers

Oxygen-15
Steady state
ECAT II (FWHM 17 mm)
Calculated attenuation

No change with age; CMRO2 and rCBF were not related
to brain atrophy as measured by CT scan.

Leenders et al. 1990 18 M; 16 F (22–82 yr)
Patient relatives and hospital staff
No CT or MRI scan

Oxygen-15
Steady state
ECAT II (FWHM 17 mm)
Eyes closed; ears open
No face mask
Measured attenuation

rCBF, CBV, and CMRO2 decreased significantly in the
frontal cortex and insular matter. OER increased in
some areas.

Martin et al. 1991 15 M, 15 F (30–85 yr)
Healthy, no medications

Oxygen-15
Steady state
ECAT 931/8/12
Eyes closed; ears open
Measured attenuation

No change in global CBF; decrease in limbic and
association areas.
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Takada et al. 1992 15 M, 17 F (27–67 yr)
Healthy volunteers

Oxygen-15
Steady state
PET scanner: ?
Eyes closed; sensory stimulation or

deprivation

CMRO2 significantly decreased in bilateral putamen and
left temporal, frontal, and parietal cortices. rCBF
decreased only in the left superior temporal cortex.
Methodology poorly described.

Burns and Tyrrell 1992 6 M, 8 F (51–85 yr)
Patients’ healthy relatives
No careful medical screening

Oxygen-15
Steady state
ECAT 931/8/12

CMRO2 significantly decreased in the parietal lobe.

Marchal et al. 1992 14 M, 11 F (20–68 yr)
Healthy volunteers
Careful medical screening
At least 7-year education

Oxygen-15
Steady state
LETI TTV03 (FWHM 8 mm)

stereotactic frame
Eyes closed; ears open
Measured attenuation

CMRO2 decreased in 24/31 cortical gyri (−6% per
decade); rCBF decreased in 10/31 gyri.

Eustache et al. 1995 14 M, 11 F (20–68 yr)
Healthy volunteers
Careful medical screening

Oxygen-15
Steady state
LETI TTV03 (FWHM 8 mm)

stereotactic frame
Eyes closed; ears open
Measured attenuation

CMRO2 values, normalized to cerebellum, decreased
significantly with age in all the neocortical regions
and in left thalamus.

Note. CBV = cerebral blood volume; CT = computed tomography; F = female; FWHM = full width at half maximum, millimeter; M = male; MRI = magnetic resonance imaging; OER = oxy-
gen extraction rate; yr = age in years.
aMean ± SD. ECAT, ECAT II, HEADTOME III, LETI TTV03, and Scanditronix PC1024-7B are different PET scanners, whose properties are described in original references.



tive evaluation was rarely carried out. Dementing pro-
cesses, such as Alzheimer’s disease, can have an insidious
onset and progress for years before becoming clinically evi-
dent. For example, in early stages of Alzheimer’s disease, in
subjects with only a memory deficit, abnormal rCMRglc
has been demonstrated in association neocortices and pre-
cedes additional cognitive deficits that later appear (Grady
et al. 1988; Haxby et al. 1990). To date, all aging studies
have been cross-sectional, and the possibility cannot be
ruled out that some reported age-related differences re-
flected sampling bias from surviving subjects (Martin et al.
1991).

Marchal et al. (1992) attempted to control for some of
these variables by examining 25 optimally healthy, care-
fully screened volunteers between the ages of 20 and 68
years studied with eyes closed and ears unobstructed.
High-resolution PET and stereotactic positioning of the
head were employed. A significant decline in rCBF was de-
tected only in two frontal gyri, perhaps because of the large
coefficient of variation in the other regions (up to 32%).
However, a significant age-related decrease of rCMRO2

was seen throughout the cerebral cortex, except for the
orbitofrontal gyrus, hippocampal, and lateral occipital re-
gions. rCMRO2 declined by 6%/decade. No significant re-
lation was shown between whole-cortex rCMRO2 and gen-
der, cortical atrophy, or head size; subcortical structures,
the cerebellum, and white matter showed no significant
age-dependent change. An age-related linear decline in
global brain oxygen consumption (normalized to cerebel-
lum) also was found in a group of 25 health-screened sub-
jects (examined with their eyes closed but ears open) who
were part of a larger sample in a neuropsychological study
(Eustache et al. 1995). The reduction in oxygen consump-
tion reached statistical significance in all the neocortical ar-
eas and in the left thalamus. An age-associated decline was
observed in some cognitive abilities, including working
memory and verbal episodic and explicit memory; other
cognitive skills remained unaffected by age.

In summary, data from numerous studies relating
rCBF and rCMRO2 to age are somewhat contradictory. In
studies of subjects not in the resting state, age-dependent
reductions are of the order of 20%–25%. The functional
significance of these changes is not clear. In some studies,
largest reductions were reported in cortical association re-
gions, which subserve cognitive functions that decline even
in the healthy elderly. These association areas appeared
relatively recently during primate evolution, usually are
the latest to myelinate, and may be selectively vulnerable to
age-related degenerative processes such as Alzheimer’s dis-
ease (Rapoport 1988, 1990). In subjects not studied in the
resting state, age reductions could have been affected by re-

duced visual and auditory acuities (Creasey and Rapoport
1985; Grady et al. 1984), as the majority of the studies did
not screen for ocular or auditory age-related pathologies,
including cataract, glaucoma, or hearing loss (see earlier).
A reduced rCBF in older people also might be caused by
subclinical cerebrovascular disease, as atherosclerotic
brain lesions are more frequent in the elderly and 50% of
brains show such lesions after 50 years of age (Moossy 1971).
Atherosclerotic vascular disease (Dastur et al. 1963) and hy-
pertension (Meyer et al. 1985; Salerno et al. 1995), whose
prevalence also increases with age, have been shown to be ac-
companied by reduced rCBF and/or rCMRglc.

Regional Cerebral Metabolic
Rate for Glucose

PET studies of rCMRglc and human aging also have led to
conflicting results, but, in general, studies outside of the
resting state have demonstrated greater declines than those
within it (Table 10–2). Kuhl et al. (1982) found a gradual
age decline in rCMRglc in 40 healthy subjects between 18
and 78 years old, who were studied with eyes open and ears
unplugged. The rate of decline was 0.43%/year (a net of
26% in the above age range), with no hemispheric prefer-
ence. The ratio of rCMRglc in the frontal cortex to
rCMRglc in the parietal cortex, an index of “hyper-
frontality” (Ingvar 1979), fell with age, suggesting a selec-
tive effect on the frontal lobe. Chawluk et al. (1987) re-
ported a comparable 0.26%/year decline in rCMRglc in
healthy subjects studied outside of the “resting state.” In
contrast, other studies found no significant age-associated
reduction in rCMRglc both in subjects studied in the rest-
ing state (eyes covered, ears plugged with cotton) (Duara et
al. 1983, 1984) and in subjects with eyes closed and ears un-
obstructed (de Leon et al. 1983). In a relatively large sample
of subjects, significantly lower absolute rCMRglc was seen
in frontal, temporal, and parietal regions in the older group
(≥ 50 years old) as compared with the young subjects (< 50
years old). These reductions were no longer significant
when rCMRglc was corrected for brain volume and atro-
phy (Yoshii et al. 1988). It should be noted, however, that a
global correction method was applied that did not take into
account any regional variability in atrophy-related brain
changes (see discussion on atrophy correction later).

In the last few years, additional sophisticated methods
of analysis have been developed to explore the effects of
healthy aging on the brain metabolic data obtained in rela-
tively large samples. Moeller et al. (1996) applied a statisti-
cal model of regional covariation to two large indepen-
dently studied groups of subjects between 21 and 90 years
in age. The main topographic profile identified by this
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TABLE 10–2. Summary of principal studies and of methods and techniques employed with positron-emission tomography (PET), relating
regional cerebral metabolic rate for glucose (rCMRglc) in human subjects to age

Study Subjects PET procedure Results and comment
Kuhl et al. 1982 17 M, 23 F; 18–78 yr ECAT II (FWHM 17 mm)

Eyes and ears open
Calculated attenuation

Generalized decrease in rCMRglc (0.43%/yr); frontal
cortex more affected.

de Leon et al. 1983 14 young M (26 ± 5 yr)
21 older M (67 ± 7 yr)

PETT III (FWHM 15 mm)
Eyes closed; ears open
No attenuation correction

No change with age.

Hawkins et al. 1983 7 M, 1 F (18–68 yr) NeuroECAT (FWHM 12 mm)
Eyes and ears open

FDG rate constants do not change with age; no rCMRglc
change with age.

Duara et al. 1983, 1984 40 M (21–83 yr)
Healthy volunteers
Careful medical screening

ECAT II (FWHM 17 mm)
Eyes and ears covered
Measured attenuation

No change with age.

Horwitz et al. 1986 15 young M (20–32 yr)
15 older M (64–83 yr)
(Data from Duara 1984)

ECAT II (FWHM 17 mm)
Eyes and ears covered
Analysis of cerebral functional

intercorrelations

No change with age. Decreased number of correlations
between frontal and parietal areas and within the parietal
lobes bilaterally in the older subjects.

Chawluk et al. 1987 21 young (mean age 27 yr)
23 older (mean age 63 yr)
Subjects with medical illness included

PETT V (FWHM 16.5 mm)
Eyes and ears open
Calculated attenuation

rCMRglc was reduced in frontal, parietal, and temporal
regions. No difference between subjects with and
without cardiovascular or minor noncardiovascular
disease.

Schlageter et al. 1987 49 M (21–83)
Healthy volunteers

ECAT II (FWHM 17 mm)
Eyes and ears covered
CT scan for cerebral atrophy correction

No change with age; cerebral atrophy negatively correlates
with rCMRglc.

Hoffman et al. 1988 22 M, 14 F (21–74 yr)
Healthy volunteers

NeuroECAT (FWHM 12 mm)
Eyes and ears open

Significant rCMRglc reductions only in some frontal areas.
No effects of handedness or gender.

Yoshii et al. 1988 39 M/37 F (21–84 yr)
Healthy volunteers
Careful medical screening

PETT V (FWHM 15 mm)
Eyes patched; ears open
“Arterialized” venous blood

Absolute rCMRglc lower in older (≥ 50 yr) than in young
(< 50 yr) subjects in frontal, temporal, and parietal lobes.
Age difference no longer significant after taking into
account brain volume and atrophy.

Grady et al. 1990 23 M, 37 F (20–90 yr)
Healthy volunteers
Careful medical screening

Scanditronix PC1024-7B (FWHM 6 mm)
Eyes and ears covered
Measured attenuation

12% decline in global CMRglc over 60-yr age range.

Salmon et al. 1991 14 young (mean age 26 yr)
11 older (mean age 27 yr)
Healthy volunteers

NeuroECAT (FWHM 12.4 mm) No age-related reduction in absolute rCMRglc.
Age-related reduction in normalized rCMRglc in

frontal lobe and increase in normalized rCMRglc in
cerebellum. (continued)
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Loessner et al. 1995 64 M, 56 F (19–79 yr)
Some medical conditions in the

elderly

PENN-PET (FWHM 5.5 mm)
Eyes open; ears unoccluded
Qualitative inspection of scans

Decreased cortical glucose metabolism particularly in
the frontal lobes. Preservation of subcortical
structures, cerebellum, posterior cingulate, and visual
cortical areas.

DeSanti et al. 1995 40 young (mean age 28 yr)
32 older (mean age 68 yr)
Partial medical screening

Siemens CTI-931 (FWHM 6.2 mm)
Eyes open; ears unoccluded
Measured attenuation

Reduced frontal and temporal rCMRglc, with stronger
effect (24% decline in rCMRglc over 40-yr age range)
in the frontal lobes.

Eberling et al. 1995 6 M, 3 F young (mean age 27 yr)
4 M, 4 F older (mean age 66 yr)
Healthy volunteers
Some medical screening

PET 600 (FWHM 2.6 mm)
Eyes open; ears unoccluded

Reduced temporal lobe rCMRglc in older subjects (up
to 27% in anterior temporal cortex).

Moeller et al. 1996 Group 1
62 M, 68 F (21–90 yr)
Group 2
10 M, 10 F (24–78 yr)

Scanditronix PC 1024-7B (FWHM 6 mm)
Measured attenuation
Eyes patched; ears occluded
Scanditronix Superpett 3000

(FWHM 8 mm)
Eyes open and ears unoccluded in a

dimly lit room
Analysis of cerebral functional

intercorrelations

12.5% decline in global CMRglc over 60-yr age range
relative frontal hypometabolism associated with
covariate normalized metabolic increases in
parieto-occipital association areas, basal ganglia,
cerebellum.

Murphy et al. 1996 55 M, 65 F (21–91 years)
Healthy volunteers
Careful medical screening

Scanditronix PC 1024-7B (FWHM 6 mm)
Measured attenuation
Eyes patched; ears occluded

Significant age-related rCMRglc decline in global
CMRglc and in frontal, temporal, and parietal
regions. Metabolic reductions differed between males
and females.

Blesa et al. 1997 9 M, 8 F (20–74 years)
Healthy volunteers
Partial medical screening

Scanditronix PC 2048-15B
(FWHM 6.5 mm)

Measured attenuation
Eyes patched; ears occluded

8% decline in global CMRglc per decade; decline more
pronounced in limbic structures.

Petit-Taboué
et al. 1998

15 M, 9 F (20–67 yr)
Healthy volunteers
Careful medical screening

LETI TTV03 (FWHM 8 mm)
Eyes closed; ears partially blocked; pixel by

pixel analysis (SPM)

6% decline in global CMRglc per decade; decline most
pronounced in frontal, temporal, and anterior
cingulate cortical areas.

Note. CT = computed tomography; F = female; FDG = [18F]fluorodeoxy-D-glucose; FWHM = full width at half maximum, millimeter; yr = age in years; M = male; SPM = statistical paramet-
ric mapping.
aMean ± SD. ECAT, ECAT II, HEADTOME III, LETI TTV03, and Scanditronix PC1024-7B are different PET scanners, whose properties are described in original references.

TABLE 10–2. Summary of principal studies and of methods and techniques employed with positron emission tomography (PET), relating
regional cerebral metabolic rate for glucose (rCMRglc) in human subjects to age (continued)

Study Subjects PET procedure Results and comment



principal component analysis was characterized by relative
frontal glucose hypometabolism with covariate metabolic
increases in parieto-occipital association areas, basal gan-
glia, midbrain, and cerebellum. A more selective effect of
aging on frontal lobe glucose metabolism also was found in
a study by DeSanti et al. (1995), with less pronounced re-
ductions in the temporal lobes of the elderly subjects,
whereas Eberling et al. (1995) found cerebral metabolic
rates lower only in the temporal lobes in older subjects
compared with rates in younger subjects.

All the previous studies discussed above employed a re-
gions of interest approach for the metabolic analyses. Re-
cently, a systematic voxel by voxel analysis performed by
using the statistical parametric mapping software (Friston
1995) demonstrated a global CMRglc decrease of 6%/de-
cade (Petit-Taboué et al. 1998). Decreases in rCMRglc
were bilateral and symmetrical, with some areas (frontal in-
ferior and posterior lateral areas; anterior cingulate, ante-
rior temporal, and parietotemporal junction cortices; left
caudate; anterior thalamus) affected more than others.

Factors Influencing Positron-Emission
Tomography Studies of Aging

As in the cases of rCBF and rCMRO2 (see earlier), the ques-
tion of whether and to what extent rCMRglc declines with
age is not settled. Methodological issues and technical lim-
itations noted above probably contributed to discrepancies
in the different studies (Table 10–3). This chapter is not the
place to discuss these issues in detail (for an excellent re-
view, see Horwitz 1990), but it may be useful to discuss
some of them in order to better interpret the findings in the
literature.

What we measure with PET, using the FDG or
15O-labeled water isotopes, are absolute values and corre-
lated patterns of regional cerebral glucose metabolism and
blood flow. Unlike morphometric measurements of di-
mensions of brain structures obtained with CT or MRI,
which are invariant over years in adult subjects except with
progressive neurodegenerative or cerebrovascular disease
(Luxenberg et al. 1987), PET examines variable and often
uncontrolled states of cerebral functional activity (Gur et
al. 1987). Differences in sensory input during a scan can in-
duce dramatic variations in rCMRglc or rCBF. Indeed,
hemispheric CMRglc was shown to be approximately 20%
higher in young subjects scanned with their eyes open and
ears plugged, compared with subjects studied in the condi-
tion of eyes closed and ears plugged (resting state)
(Mazziotta et al. 1982). Progressive increases in the com-
plexity of visual stimulation resulted in parallel elevations
of rCMRglc in visual association areas, with an average
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TABLE 10–3. Factors that may contribute to
variability of data obtained in
different PET studies measuring
rCBF, rCMRO2, or rCMRglc in
relation to age in human subjects

PET technique
Low-resolution (17-mm) versus high-resolution (6-mm)

PET scanners
Up to 25% coefficient of variation with low-resolution

PET scanners to measure a potential 15%–30%
change in rCMRglc over an adult age span of
60 years.

Brain atrophy
“Partial volume effect” may artificially reduce rCBF and

rCMRglc values.
Health screening

Selection of “too healthy” elderly subjects
(“supernormals”).

Inclusion of subjects with (sub)clinical vascular
disorders or with subtle cognitive
deterioration.

Medications with potential effects on brain metabolism
and function.

Experimental procedure
Sensory input: eyes covered and ears plugged (resting

state) versus eyes closed and ears open versus eyes
and ears open.

Resting state versus cognitive activation (e.g., performing
a neuropsychological task).

Calculated versus individually measured radiation
attenuation by head tissues and skull.

Semiautomated regions of interest on individual
brains versus automated pixel-by-pixel on
stereotaxically normalized brains methods of
image analysis.

Anxiety and stress during PET examination
High levels of stress or anxiety may affect frontal lobe

metabolism.
“Familiarity” with PET scanning: first versus repeated

scan examination
Gender

Differences in time course and topographical distribution
of the brain areas primarily affected by the aging
process between men and women.

Effect of hormone cycle in female subjects at the time
of the PET scan examination.

Note. PET = positron-emission tomography; rCBF = regional cere-
bral blood flow; rCMRO2 = regional cerebral metabolic rate for oxy-
gen; rCMRglc = regional cerebral metabolic rate for glucose.



60% rCMRglc difference between subjects who were at
rest and subjects who looked at a landscape of a park during
the uptake period of FDG (Phelps et al. 1981).

Metabolic and flow responses to different sensory
stimuli are unlikely to be age invariant, as visual and audi-
tory acuities, and even proprioception, decline with age
(Creasey and Rapoport 1985; Grady et al. 1984; Lehnert
and Wuensche 1966). Thus, reported age differences in
PET measures in subjects not in the sensory-deprived rest-
ing state could partially reflect reduced sensory acuity
rather than only intrinsic age-related reduced activity. To
date, resting state studies such as those by Duara et al.
(1983, 1984) and Murphy et al. (1996) on optimally healthy
subjects provide the best estimate of the actual age decline
in intrinsic (sensory independent) brain functional activity.

Other factors, such as anxiety and stress during a scan
or simply the novelty of the experimental setting, may af-
fect cerebral metabolism and should be taken into consid-
eration. Although minimally invasive, PET is stressful to
some subjects because it involves arterial and venous
catheterization, frequent blood sampling, a restraint to
minimize head movement, resting in place for perhaps lon-
ger than 1 hour, and some sensory deprivation. Gur et al.
(1987) reported an inverted U-shaped relation between
rCBF and anxiety; rCBF increased with increasing anxiety
up to a point and then decreased with additional anxiety.
Swedo et al. (1989) also reported a direct correlation be-
tween anxiety during PET and rCMRglc in prefrontal ar-
eas. Healthy male volunteer subjects with high anxiety
showed significantly greater right/left hemisphere meta-
bolic ratios than low-anxiety people (Stapleton et al. 1997).
Moreover, in the low-anxiety subjects, cerebral metabo-
lism was lower in the second PET session compared with
that in the first examination, whereas no changes occurred
in the high-anxiety group, suggesting that metabolic
changes may be related simply to becoming familiar with
the procedure. This finding would warrant that subjects be
trained before undergoing the actual PET scan examina-
tion to minimize this “novelty” effect and ensure more ho-
mogenous conditions across experimental sessions (some-
thing similar to the adaptation night used in sleep
research). Training was used in our laboratory to maximize
compliance in PET studies of young and older individuals
with Down’s syndrome (Dani et al. 1996; Pietrini et al.
1997). Furthermore, these findings highlight the necessity
that the order of presentation of different experimental
conditions be counterbalanced when one wishes to exam-
ine brain functional activity associated with distinct sen-
sory or cognitive stimulation states (Pietrini et al. 1997).

Subject selection is particularly important in studies of
functional activity and human aging. In many such PET

studies, no attempt was made to exclude subjects with car-
diovascular risk factors or clinical disorders that might af-
fect the brain. Only a few studies (e.g., Duara et al. 1983,
1984; Marchal et al. 1992; Murphy et al. 1996) performed
careful clinical, laboratory, and neuropsychological testing
to rule out organic or mental abnormalities that might in-
terfere with functional measurements. Although careful
screening has been criticized as selecting for “super-
normals” who, especially in the elderly, may not represent a
“normally distributed” population, for the issue at hand we
believe that such selection is appropriate. Less restrictive
selection to obtain a sample more representative of the
“normal population” might be adopted if many hundreds
of subjects of both sexes and of different ages could be stud-
ied in the same PET facility with the same procedure.
Then, one would have enough subjects to statistically par-
tial out effects of confounding variables and risk factors
(such as cardiovascular risk factors, history of psychiatric or
medical disorders, mental status during examination) on
the results. Additional variability may derive from gender
differences and, in women, from fluctuations in plasma lev-
els of sex hormones linked to the menstrual cycle. In a small
sample of young women, Reiman et al. (1996a) showed that
glucose metabolism was significantly higher in thalamic,
prefrontal, temporal, and parietal areas in the mid-
follicular phase (low plasma concentrations of estradiol
and progesterone) and in superior temporal, anterior tem-
poral, occipital, cerebellar, and limbic regions in the
mid-luteal phase (high plasma concentrations of estradiol
and progesterone). When using MRI and PET in a large
population of carefully screened healthy subjects, we re-
ported significant gender-related differences in aging of
brain areas that are essential to higher cognitive functions,
including temporal and parietal lobes, Broca’s area,
thalamus, and hippocampus (Murphy et al. 1996). This evi-
dence of gender-specific morphometric and metabolic
profiles in brain aging may underlie some of the reported
differences between men and women in age-related cogni-
tive decline.

Finally, technical aspects related to PET instrumenta-
tion have contributed to variability between PET centers.
Tomographs with different spatial resolutions ranging
from 6 to 17 mm full width at half maximum (FWHM) have
been used to measure cerebral metabolism and blood flow.
The degree of recovery of radioactivity in a brain region
depends on the relation between regional volume and scan-
ner resolution, and only high-resolution PET machines
are appropriate for examining small regions.

In our laboratory, initial PET studies of aging (Duara
et al. 1983, 1984) used a low-resolution PET tomograph
(ECAT II; FWHM = 17 mm) for subjects in the resting
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state (see above). Global gray CMRglc, assessed in 77
healthy men between 20 and 70 years of age, showed a
nonsignificant 7% decrease over this age range (Grady et
al. 1990) (Figure 10–3, panel A). When we later used a
Scanditronix PC 1024-7B scanner (6 mm in-plane resolu-
tion), under the same resting state conditions to study 60
healthy men, a statistically significant − 12% age decline in
global gray rCMRglc was evident (Figure 10–3, panel B).
The slope of the regression lines in Figure 10–3 do not dif-
fer significantly (0.01 versus 0.02 mg glucose/100 g/min-
ute/year), but because the slope with the high-resolution
Scanditronix scanner had a much smaller coefficient of
variation than with the lower resolution ECAT scanner,
the former reached statistical significance. The −12% de-
cline obtained with the high-resolution scanner likely rep-
resents a maximum rate of change because it was not cor-
rected for partial voluming and brain atrophy.

In this regard, age-associated brain atrophy (de Leon
et al. 1984; Schwartz et al. 1985; Zatz et al. 1982) is an addi-
tional complication. Resulting from partial voluming, at-
rophy can reduce recovery by the scanner of radioactivity
from a given region. Recently, Ibanez et al. (1998) devel-
oped a segmented MRI-based method to correct rCMRglc
data from patients with Alzheimer’s disease and
age-matched older healthy control subjects for the effects
of partial voluming as a result of brain atrophy. This correc-
tion increased global CMRglc by approximately 12% in
the control subjects and 20% in the patients with Alzhei-
mer’s disease, with the largest corrections being in the fron-
tal and insular areas. Nevertheless, the initial uncorrected
rCMRglc differences between the two groups remained
statistically significant after correction. Thus, rCMRglc
reductions obtained by PET in Alzheimer’s disease reflect
intrinsic metabolic reductions per gram tissue and are not
artifacts of partial voluming. They represent neuro-
nal/synaptic dysfunction in the affected regions (Pietrini et
al. 1997, 1999). The Ibanez correction algorithm is now
being applied to our other PET data involving age, gender,
and disease group differences.

In some studies, attempts were made to correct PET
data for brain atrophy by correcting with regard to dilation
of lateral ventricles, measured using CT or MRI (Alavi et
al. 1985; Herscovitch et al. 1986; Schlageter et al. 1987).
Schlageter et al. (1987) used CT and PET to study 49
healthy men between 21 and 83 years old. When global
CMRglc (which included gray and white matter and ven-
tricular cerebrospinal fluid spaces) was corrected for age
changes in lateral ventricular volume, the correlation coef-
ficient with age changed from −0.29 to −0.04, indicating
that the calculated uncorrected decline with age in resting
glucose utilization largely was reflected by atrophy.

In summary, despite the many studies that have been
carried out to ascertain the effects of age on rCMRglc, the
exact relation is not yet known. As in the cases of rCBF and
rCMRO2, most evidence suggests that an age-dependent
reduction in rCMRglc, if present, is modest and of the or-
der of −12% for a 60-year range, despite some isolated re-
ports of much more dramatic reductions (Petit-Taboué et
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FIGURE 10–3. Global gray matter cerebral metabolic rate
for glucose (CMRglc) as a function of age in 77 healthy men
studied with a low-resolution ECAT II positron-emission to-
mography (PET) scanner (panel A) and in 60 healthy men
studied with a high-resolution Scanditronix PC 1024-7B ma-
chine (panel B). Regression analyses demonstrated an insignifi-
cant −7% decrease in CMRglc over a 70-year range in panel A,
but a statistically significant −12% decline in panel B. Data
from the high-resolution scanner had a smaller coefficient of
variation than data obtained with the low-resolution scanner.
Source. Reprinted from Grady CL, Rapoport SI: “Cerebral
Metabolism in Aging and Dementia,” in Handbook of Mental
Health and Aging. Edited by Birren J, Sloane RB, Cohen G.
San Diego, CA, Academic Press, 1992, pp. 201–228.



al. 1998). In view of the many possible confounding factors
that can affect measurements, and given that several tech-
nical advances have recently been introduced, a renewed
effort to quantify age-related in vivo measures of brain
functional activity, and to understand how these measures
reflect changes in cognition and behavior, should prove
fruitful.

Can Functional Imaging Tell Us More
About Brain Function and Brain Aging?

In the last few years, our ability to understand and charac-
terize brain metabolism and functional activity in vivo has
been greatly expanded by the rapid development of sophis-
ticated experimental paradigms that combine neuro-
imaging techniques with cognitive, sensory, or pharmaco-
logical stimulation paradigms. Furthermore, new ways to
interpret PET data, using powerful methods of analysis,
have allowed us to identify specific patterns of functional
interrelationship among different brain regions. Finally,
new functional imaging methodologies, particularly func-
tional magnetic resonance imaging, have become available
to investigate functional activity in the living human brain
with high spatial and temporal resolutions.

Brain functional correlations. With the excep-
tion of the study by Moeller and collaborators (1996), the
PET studies that are summarized above simply reported
differences in mean values for cerebral blood flow or glu-
cose metabolism between young and older subjects or the
regression of these values with age. However, another way
to examine age-related differences in functional activity
with PET is to use correlational or multivariate analysis to
determine pattern of brain glucose metabolism and blood
flow in the resting state or during activation. Indeed, de-
spite that the subjects studied in the resting state by Duara
et al. (1983, 1984) showed no age-related declines in
rCMRglc, they did demonstrate clear age differences in
their correlation patterns (Horwitz et al. 1986).

Correlation coefficients between pairs of rCMRglc
values are thought to indicate functional associations be-
tween the two brain regions (Clark et al. 1984; Horwitz et
al. 1984; Metter et al. 1984). The fundamental assumption
of the correlation method is that if two brain regions (A and
B) are functionally coupled, so that neuronal activity in one
region depends on activity in the other, a plot of rCMRglc
in region A against rCMRglc in region B across subjects,
using normalized parameters such as rCMRglc/CMRglc,
will demonstrate a statistically significant correlation.
Conversely, if two regions show a significant correlation
between their normalized rCMRglc parameters, these two

regions are assumed to be functionally coupled. Two re-
gions may have a significant correlation in activity if they
are anatomically linked and that link is functional in the
resting state or during a specific task. However, the regions
also could have a large correlation if they are not directly
connected, but rather receive concomitant inputs from a
third region, for example, a thalamic nucleus. Or, one
could have a combination of both direct and indirect effects
going on at the same time. Horwitz et al. (1986) compared
pairwise correlations of normalized resting state metabolic
rates between a group of 15 young healthy subjects (20–32
years old) and a group of 15 elderly optimally healthy sub-
jects (64–83 years old). In the young group, many statisti-
cally significant positive correlations were demonstrated
within and between the frontal and parietal lobes, a smaller
number were demonstrated within and between the tem-
poral and occipital lobes, and only a few such correlations
were found between the frontal-parietal and the tempo-
ral-occipital domains. The older group, although demon-
strating the same general pattern of correlations, had fewer
significant correlations between frontal and parietal areas
and between regions within the parietal lobes than did the
younger group. This evidence of loss of functional integra-
tion among regions of the parietal lobe corresponded to
measured deficits in cognitive performance subserved by
parietal structures (Grady et al. 1990). Even more complex
mathematical models, including discriminant function
analysis and structural equation modeling (often referred
to as path analysis), have been elaborated and applied suc-
cessfully to identify subtle changes in brain metabolic func-
tions indicative of disease or even in asymptomatic subjects
at risk for developing brain disorders, including Alzhei-
mer’s disease (Azari and Pietrini 1995; Horwitz et al. 1995).

Cognitive and sensory stimulation para-
digms. In addition to measuring brain metabolism and
blood flow in the resting state, several experimental para-
digms have been developed to examine brain activity dur-
ing cognitive tasks or sensory stimulation conditions in
healthy subjects at different ages. Most of these studies
have been conducted using the 15O-labeled water PET
methodology to determine rCBF in distinct conditions of
brain activity. The short half-life of 15O makes it possible to
perform a number of sequential studies during the same
PET scan session. With the PET scanners of the last gen-
eration, which exhibit an excellent sensitivity and thus re-
quire the injection of very small amounts of radioactive wa-
ter, more than two dozen of these short studies (called runs)
can be performed during the same PET session while sub-
jects alternate among different experimental paradigms.
Given that neuropsychological studies and clinical obser-

252 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



vations indicate that several cognitive abilities decline with
aging (Creasey and Rapoport 1985; Horn 1975), func-
tional PET studies have been designed to investigate brain
activation, as revealed by rCBF changes, during visuo-
spatial and object recognition tasks, memory tasks, abstract
reasoning, and sensory stimulation (Table 10–4).

In our laboratory, Grady et al. (1992) used 15O-labeled
water to show that healthy elderly (9 subjects, mean age
72 ± 7 (SD) years), compared with healthy young subjects
(11 subjects, mean age 27 ± 4 years), while performing cer-
tain visual tasks during PET with equivalent mean accura-
cies and reaction times, activated different network com-
ponents within their brain. In the young subjects, the
occipitotemporal cortex was selectively activated during an
object recognition task (face matching) compared with a
sensorimotor control task, whereas the occipitoparietal
cortex was activated during a spatial location task (dot loca-
tion) (Figure 10–4). In the elderly subjects, the same re-
gions were activated as in the young, but, in addition, rCBF
increased significantly in the occipitotemporal cortex dur-
ing the spatial task and in the superior parietal cortex dur-
ing the object recognition task.

Age-related differences in activation were found also
when subjects were tested on encoding and recognition
processes during memory tasks. Young subjects showed
rCBF increases in the right hippocampus and the left
prefrontal and temporal cortical areas during encoding of
novel faces and in the right prefrontal and parietal cortex
during recognition (Grady et al. 1995). In contrast, the
older subjects failed to show significant activation in the ar-
eas activated in the young during encoding, but they did
have rCBF increases in the right prefrontal cortex during
recognition (Figure 10–5). The lack of activation of
hippocampal and frontal cortex during encoding suggests
that memory decline in the elderly is a result of a failure to
encode the stimuli properly.

Other studies of memory processes provide further sup-
port to age-associated changes in brain activity (Table 10–4).
Elderly people show not only reduced or absent activation in
many regions activated in young subjects, but also show sig-
nificant activation of different regions. Additionally, several
studies indicate that young subjects have a lateralized pattern
of activation, with the left frontal cortex involved during en-
coding and the right frontal cortex involved during recall
(hemispheric encoding/retrieval asymmetry model; Tulving
et al. 1994). In the older subjects, in contrast, this lateral-
ization appears to be disrupted as they show a more bilateral
activation of the frontal cortex (Cabeza et al. 1997; Madden et
al. 1999). These areas of increased activity in the elderly may
be recruited for alternative strategies to maintain perfor-
mance (Cabeza et al. 1997).

Taken together, the resting state correlation analyses
of Horwitz et al. (1986) and the results of the visual and
memory activation studies (Cabeza et al. 1997; Grady et al.
1992, 1994, 1995, 1998) suggest that healthy aging is ac-
companied by reorganization of network integrity and net-
work processing efficiency in the brain, and that such reor-
ganization can be elucidated with methods of functional
imaging and multivariate data analyses, during tasks re-
lated to vision, audition, memory, attention, language, and
other cognitive processes.

As the cognitive paradigms described above require
that subjects actively perform on a given task, interpreta-
tion of the results would be biased if subjects perform
poorly or not at all. The issue of compliance with the task
requirements becomes critical when one wishes to com-
pare effects of healthy aging with effects of a neuro-
degenerative disorder of the elderly, such as Alzheimer’s
disease (see below). Patients with moderate to severe de-
mentia (Folstein et al. 1975) may be unable to understand
or follow the instructions of even simple cognitive tasks
testing visual recognition or memory. To address these lim-
itations, our laboratory developed a passive audiovisual
stimulation paradigm that makes it possible to assess brain
responses to widespread audiovisual stimulation that does
not require active performance by subjects. Using this ex-
perimental paradigm in combination with PET, we exam-
ined brain metabolic responses in young and middle-aged
subjects with Down’s syndrome and in patients with Alz-
heimer’s disease with mild to severe dementia.

Employing a “double FDG injection technique”
(Brooks et al. 1987) with blood flow measurements using
15O-labeled water, two sequential measures of both rCBF
and rCMRglc were obtained during the same PET session
while a subject is in the resting state and during audiovisual
stimulation (seeing and hearing a simple and colorful
movie). As the two sets of studies were performed less than
1 hour apart, with the subject remaining in the tomograph,
variance arising from differences in mental status, head po-
sitioning, or experimental procedure is minimized.
Resting state and audiovisual stimulation were alternated
randomly, and young and elderly subjects and patients and
control subjects were studied alternately as well. Anxiety
during PET was rated by a subjective measure (ranging
from 0 = absent to 3 = severe) (Duara et al. 1983) and by ad-
ministering a State Anxiety Questionnaire (Spielberger
1968) after the scan. Subjects were instructed to remain
awake and were confirmed to be awake by the attending
physician during the resting state measurements and were
told that they would be given a questionnaire on the con-
tent of the movie at the end of the study. Subjects who had
no previous experience of PET scan examination were
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TABLE 10–4. Summary of principal studies that have used positron-emission tomography (PET) in combination with sensory or cognitive

stimulation paradigms to examine brain activity in human subjects at different ages

Reference Subjects PET procedure Results and comment
Grady et al. 1992 11 young M (27 ± 4 yr)

9 older M (72 ± 7 yr)
Healthy volunteers
Careful medical screening

Oxygen-15 water iv bolus
Scanditronix PC 1024-7B (FWHM

6 mm)
Object and spatial vision task
Statistical parametric mapping

Less functional separation of the dorsal and ventral
visual pathways in the older subjects.

Grady et al. 1994 15 young (26 ± 4 yr)
17 older (67 ± 6 yr)
Healthy volunteers
Careful medical screening

Oxygen-15 water iv bolus
Scanditronix PC 1024-7B and Scanditronix
PC2048-15B
Faces and location visual task
Statistical parametric mapping

Young and older subjects have different patterns of
activation during face-matching and spatial
location visual tasks, suggestive of reduced
efficiency of occipital visual areas in the elderly.

Tempel and Perlmutter 1992 14 M, 12 F (20–72 yr)
Healthy volunteers
Careful medical screening

Oxygen-15 water iv bolus
PETT VI; low-resolution mode
Vibrotactile stimulation to one hand

(130 Hz)
Pixel-by-pixel subtraction

rCBF responses to vibrotactile stimulation in
contralateral primary sensorimotor and supple-
mentary motor areas do not change with normal
aging.

Grady et al. 1995 10 young (8 M, 2 F) (25 ± 2 yr)
10 older (7 M, 3 F) (70 ± 6 yr)
Healthy volunteers
Careful medical screening

Oxygen-15 water iv bolus
Scanditronix PC 2048-15B (FWHM

6.5 mm)
Memory for faces task
Statistical parametric mapping

Medial temporal cortex (including hippocampus) was
activated in young but not in older subjects during
encoding of faces.

Madden et al. 1996 10 young M (18–27 yr)
10 older M (63–75 yr)
Healthy volunteers
Careful medical screening

Oxygen-15 water iv bolus
GE 4096-Plus
Visual word identification
Statistical parametric mapping

Older subjects have, in comparison with young
subjects, reduced increase of rCBF during visual
word identification in ventral occipitotemporal
pathway.

Schacter et al. 1996 8 young (mean age = 21 yr)
8 older (mean age = 68 yr)
Healthy volunteers

Oxygen-15 steady state
GE-Scanditronix PC 4096

(FWHM 6 mm)
Retrieval of episodic memories
Statistical parametric mapping

Young and older subjects had similar hippocampal
activations during recollection of a studied word.

Young subjects showed bilateral activations in anterior
prefrontal cortex during retrieval attempts, whereas
in older subjects activations were more posterior.

Cabeza et al. 1997 12 young (6 M, 6 F) (19–31 yr)
12 older (5 M, 7 F) (67–75 yr)
Healthy volunteers
Careful medical screening

Oxygen-15 water iv bolus
Scanditronix PC 2048-15B
Memory task: encoding and retrieval of

word pairs
Statistical parametric mapping

Young and older subjects showed different patterns
of activation during encoding, recognition, and
recall suggestive of age-related deficits and
neuroplastic compensatory mechanisms.



trained to increase compliance during the actual PET ses-
sion and minimize the effects of novelty (Stapleton et al.
1997) on brain metabolism. The results of the first studies
in patients with Alzheimer’s disease or at risk for develop-
ing Alzheimer’s disease are presented below.

Positron-Emission Tomography in
Geriatric Neuropsychiatry

Although our focus in this chapter is the aging process in
healthy humans, it may be useful to mention briefly some
PET studies of neuropsychiatric disorders that may affect
the elderly, such as Alzheimer’s disease and depression,
which are discussed extensively elsewhere in this textbook.

Alzheimer’s disease, the most common cause of de-
mentia, accounts for up to 80% of all cases of dementia, fol-
lowed by vascular diseases (4%–10%) and other diseases,
including Pick’s dementia (Chui 1989). Alzheimer’s disease
is characterized by a progressive, global, and irreversible
deterioration of cognitive functions, which initially pres-
ents with memory problems and, later in the course of the
disease, with language, mathematical, visuospatial, and
personality decline. Many studies have been conducted
with PET to investigate cerebral glucose metabolism in the
different stages of Alzheimer’s disease. In agreement with
autopsy studies that demonstrated an unequal distribution
of neurofibrillary tangles in the Alzheimer’s disease brain,
PET with FDG in the resting state showed reduced
rCMRglc values mostly in the association neocortical ar-
eas, with a relative sparing of primary neocortical and
subcortical regions, at least until the latest stages of the dis-
ease (DeCarli et al. 1992; Duara et al. 1986; Grady and
Rapoport 1992; Kumar et al. 1991; Pietrini et al. 1996).

As shown in Figure 10–6, the reduction in rCMRglc in
patients with Alzheimer’s disease usually first appears in
parietal and temporal neocortical areas and then later in the
remainder of the neocortical mantle (severe stage), with
only a relative preservation of the sensorimotor and pri-
mary visual cortices (Duara et al. 1986; Grady and
Rapoport 1992; Kumar et al. 1991). The pattern of reduced
rCMRglc may be different in individual patients, that is,
some patients may show a greater involvement of the left
side, whereas others may show more reductions in the right
hemisphere. Interestingly, these heterogeneous reduc-
tions in neocortical rCMRglc may precede and predict
later nonmemory impairments of cognitive functions
thought to involve the neocortex and are correlated with
heterogeneous patterns of nonmemory impairments in in-
dividual patients (Grady et al. 1988; Haxby et al. 1990). In
other words, patients with predominant left hemisphere
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hypometabolism will have a greater language impairment
compared with visuospatial function, and those with dis-
proportionate right hemisphere hypometabolism will
show a greater impairment of visuoconstructive abilities
(Haxby et al. 1985).

Depression is common in older individuals, probably
also because of age-related decrease in the serotoninergic
system (Meltzer et al. 1998). Depression in the elderly of-
ten represents a clinical dilemma because its symptoms
may resemble those of a dementia process. The term “de-

pressive pseudo-dementia” was proposed to indicate cases
of depression that, because of the coexistence of cognitive
impairment, were mistakenly diagnosed as dementia
(Kiloh 1961). Early diagnostic differentiation between the
two conditions is important because some antidepressant
treatments may actually worsen cognitive impairment as a
result of their anticholinergic effects and because an
undiagnosed depression can be life-threatening (Dolan et
al. 1992). PET can help to distinguish these two condi-
tions. Baxter et al. (1989) found that patients with depres-
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FIGURE 10–4. Positron-emission tomography (PET) scan images from a young healthy subject, obtained using oxygen-15
water during different neuropsychological tasks. Pictures are taken parallel and 45 mm (bottom) and 90 mm (top) above the inferior
orbitomeatal line. The pictures in column A show the pattern of regional cerebral blood flow (rCBF) during a sensorimotor con-
trol task. Pictures in column B and column C are obtained by subtracting the sensorimotor control task rCBF pattern from the
rCBF pattern obtained during a faces-matching task and a spatial-location task, respectively. Thus only the areas selectively acti-
vated during either task are shown. During face matching, there was a selective activation of the occipitotemporal regions (column
B), whereas during a spatial location task the occipitoparietal cortex was activated (column C). (See text for further explanation.)
The color bar on the right side shows rCBF in mL/100 g tissue per minute. For each individual picture, the right side corre-
sponds to the right side of the brain, and the left to the left side.
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FIGURE 10–5. Graphical representation of the cortical areas that showed regional cerebral blood flow increases during
encoding and recognition (Recog.) in a face-memory task in young (top) and older (bottom) healthy subjects. All areas in color
showed significant activation when the encoding and the retrieval conditions were compared with the sensorimotor control task
(green), with a forced-choice match-to-sample task (red; in this condition a sample face and two choice faces were presented simul-
taneously), or both (yellow).
Source. Adapted from Grady et al. 1995.



sion had decreased lateral left prefrontal lobe rCMRglc
compared with matched healthy control subjects. In addi-
tion, patients with bipolar depression and those with uni-
polar depression had significantly lower normalized
caudate rCMRglc. Reduced rCMRglc values became nor-
mal values when patients returned to the euthymic state.
The finding of a reduced rCMRglc in prefrontal areas and
in the caudate nucleus of patients with depression is of par-

ticular interest because an independent study in patients
with Parkinson’s disease showed reduced inferior
orbitofrontal and caudate rCMRglc only when depression
was evident, whereas metabolism was normal in those with
motor symptoms only (Mayberg et al. 1990). These re-
gions usually are not affected in early Alzheimer’s disease,
and thus their involvement could help to differentiate the
two processes.
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FIGURE 10–6. Positron-emission tomography (PET) images from a healthy control subject (age 69 years), a patient with mild
dementia (age 53), a patient with moderate dementia (age 63), and a patient with severe dementia (age 72). All subjects were
women. Scans were obtained using a Scanditronix PC 1024-7B positron tomograph (full width at half maximum [FWHM]
6 mm). For each subject, three horizontal brain slices taken parallel and above the inferior orbitomeatal line are shown: 45 mm
(left), 70 mm (middle), and 90 mm (right). For each individual picture, the right side corresponds to the right side of the brain; the
left, to the left side of the brain. In comparison to the healthy control subject, reduction of regional cerebral metabolic rate for
glucose (rCMRglc) can be appreciated in the association cortical areas of the patients with dementia. In the early stages of disease,
primary cortical areas and subcortical structure are not affected. With the progression of disease, the deficit becomes gradually
worse, and in the patient with severe dementia of the Alzheimer type (DAT), only primary sensorimotor areas show a relative
sparing. The color scale indicates rCMRglc in milligrams per 100 grams of tissue per minute. AC = anterior cingulate;
CD = caudate nucleus; FR = frontal cortex; INS = insula; OCC = occipital cortex; PA = parietal cortex; PF = prefrontal cortex;
SM = sensorimotor cortex; TH = thalamus; TP-PA = temporoparietal cortex.
Source. Adapted from Grady and Rapoport 1992.



In the last few years, as new drugs are being developed,
the search for early changes in brain metabolism that could
be used for a preclinical diagnosis of Alzheimer’s disease
has become a major focus of the researchers working in this
field. This is particularly important because the early meta-
bolic changes in Alzheimer’s disease are potentially revers-
ible, whereas the later ones are irreversible (Rapoport, in
press). Using distinct PET approaches, different groups
have examined populations at risk for developing Alzhei-
mer’s disease, such as individuals with family history of
autosomal dominant Alzheimer’s disease, those who are
homozygous for the APOEε4 allele, or older subjects with
Down’s syndrome (Pietrini et al. 1993, 1997; Reiman et al.
1996b; Small et al. 1995). For example, we conducted
neuropsychological and neuroimaging studies in young
and middle-aged subjects with Down’s syndrome. All sub-
jects with Down’s syndrome who are over 40 years of age
show some neuropathological and neurochemical changes
of Alzheimer’s disease, and some 90% develop dementia af-
ter 60 years of age. Thus, subjects with Down’s syndrome
can be used to investigate the preclinical and clinical stages
of Alzheimer’s disease.

A longitudinal study in older nondemented and other-
wise healthy subjects with Down’s syndrome showed that
cognitive measures and resting state brain metabolism re-
mained stable until the onset of dementia, at which point
the subjects began to rapidly decline. This suggested that
dementia and metabolic dysfunction appear only after a
threshold level of neuropathology is attained (Dani et al.
1996). On the other hand, the accumulation of Alzheimer’s
neuropathology in the years preceding clinical onset of de-
mentia may impair the neuronal capability to respond to an
increase in functional load or stress. To test this hypothesis,
we measured rCMRglc in conjunction with the audiovisual
stimulation paradigm described above, in young and older
nondemented adults with Down’s syndrome. Supporting
our hypothesis, we found that the brain of older compared
with younger nondemented subjects with Down’s syn-
drome showed reduced metabolic increments in response
to audiovisual stimulation in brain regions known to be af-
fected by Alzheimer’s disease, particularly temporal and
parietal cortical regions (see above) (Figure 10–7, panel B).
In the resting state, in contrast, glucose metabolism be-
tween the two groups did not differ in any cortical area
(Figure 10–7, panel A). Although in need of being repli-
cated in other at-risk groups without Down’s syndrome,
these results indicate that a paradigm that increases the
functional demand on the brain can reveal neuronal/synap-
tic dysfunction that is not evident in the resting state before
the onset of dementia.

This audiovisual paradigm also has been used to inves-

tigate neuronal/synaptic efficiency as a function of demen-
tia severity in patients with Alzheimer’s disease. In 15 oth-
erwise healthy patients with Alzheimer’s disease with mild
to severe dementia (Folstein et al. 1975), we demonstrated
that brain responsiveness to stimulation declined with
worsening of dementia, to a point where no metabolic re-
sponse could be elicited by audiovisual stimulation
(Pietrini et al. 1999; Pietrini et al., in press). Reduced syn-
aptic integrity in patients with moderate to severe demen-
tia may contribute to unsuccessful responses to pharmaco-
logical treatment to enhance synaptic transmission in such
patients (Rogers and Friedhoff 1998). As most drugs act by
enhancing (cholinergic) neurotransmission, these agents
require that synapses be functional in order for them to ex-
ert their pharmacological effects.

Summary

The rapid development of increasingly more sophisticated
techniques for functional neuroimaging and of accompa-
nying mathematical and statistical models to analyze
multivariate imaging data have made it possible to quantify,
localize, and interpret in vivo measures of brain functional
activity. The majority of the studies to date indicate that ab-
solute and normalized values of rCBF, rCMRglc, and
rCMRO2 are modestly affected by the aging process and
that the net decline in intrinsic brain functional activity be-
tween 20 and 70 years of age for these parameters does not
exceed approximately − 12% in the resting state, with the
largest changes affecting the frontal lobes. Furthermore,
partial voluming as a result of age-related brain atrophy
and morphological changes may have inflated the magni-
tude of the reported metabolic reductions. Larger declines
reported in the literature, when obtained under uncon-
trolled conditions of sensory stimulation, in part may also
be biased by age-related reductions in visual and auditory
acuities. In the absence of systematic screening, declines
could also be in part a result of age-related brain disease
such as hypertension.

Age differences in cognition and behavior may be
better related to demonstrable and clear differences in in-
tegration of brain functional activity, rather than to differ-
ences in absolute or normalized values of rCBF, rCMRglc,
and rCMRO2. Such differences deserve to be explored in
more detail by employing multivariate correlation or path
analysis approaches. Horwitz et al. (1986) demonstrated
clear age differences in correlated metabolic activity ob-
tained in the resting state, which are more robust than the
observed differences in absolute or normalized metabolic
values. Finally, the stimulation approach initiated by
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FIGURE 10–7. Brain glucose metabolism in young and older subjects with Down’s syndrome without dementia at rest (panel
A) and during passive audiovisual stimulation (panel B). Asterisks indicate significantly lower regional cerebral metabolic rate for
glucose (rCMRglc) (P <.05) in the older compared with the young subjects with Down’s syndrome. Despite no differences in
brain metabolism in the resting state between older and young subjects with Down’s syndrome (top), during audiovisual stimula-
tion (bottom) significant rCMRglc reductions in parietal and temporal cortical areas are observed in the older group. R = right;
L = left.
Source. Adapted from Pietrini et al. 1997.



Grady et al. (1992) and Pietrini et al. (1997, 1999), espe-
cially if it is used parametrically with tasks of continuously
varying difficulty (Rapoport and Grady 1993), should
prove useful for examining which brain networks actually
are used during a given cognitive process and how network
strategies may change with age.
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Functional Brain Imaging

Functional Magnetic Resonance Imaging and
Magnetic Resonance Spectroscopy

Mark S. George, M.D., Kathleen A. McConnell

Jeffrey P. Lorberbaum, M.D., Andrew Greenshields

Daryl E. Bohning, Ph.D., Jacobo Mintzer, M.D.

Advances in neuroimaging are trans-
forming basic and clinical neurosci-

ence. Technological developments first in computed to-
mography (CT) and then magnetic resonance imaging
(MRI) have provided noninvasive methods of directly ex-
amining brain structure. For years, however, the only
ways to examine brain function included electroencepha-
lograms (EEGs) (with poor spatial resolution) or
radiotracer-based methods such as single photon emis-
sion computed tomography (SPECT) and positron-
emission tomography (PET) (also with relatively poor
spatial resolution and requiring the injection of radioac-
tive tracers). Recently, researchers have devised several
methods to use conventional MRI scanners to obtain im-
ages of brain function. By varying the ways in which the
magnetic signal is acquired, researchers can now use MRI

to not only image brain structure and pathology in exqui-
site detail, but they can also image regional brain oxygen
use, blood perfusion, and diffusion of water through and
across membranes. Additionally, by using MR spectros-
copy, they can directly image brain neurochemical activ-
ity as well.

These new applications using MRI to image brain
function rather than structure are collectively referred to as
functional MRI, or fMRI. These exciting developments are
still in early stages and do not have many direct clinical ap-
plications yet, but they hold the enormous promise of one
day having a single examination that will yield information
about both brain structure and function. Such innovations
directly allow for the development of MR scanning proto-
cols that would facilitate diagnosis and monitor treatment.
For example, in the diagnosis and treatment of multiple
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sclerosis, structural MRI is crucial for initial diagnosis and
is a sensitive evaluator of changes in disease activity, even
better than a detailed physical examination (Khoury and
Weiner 1998). Eventually, fMRI will likely assume a simi-
larly important role in many other areas of geriatric
neuropsychiatry. Perhaps most important for the future
clinical utility and application of fMRI is that it involves
only minor upgrading of conventional MRI machines (see
Table 11–1).

Despite this enormous promise, MRI presents several
problems specific to imaging in aging individuals. MRI in-
volves the patient’s lying relatively motionless in the bore
of a scanner that is generally 3–4 feet in diameter and long
enough to extend from one’s thighs past the head. Many pa-
tients find this situation frightening and claustrophobic,
especially those who are already agitated or who are
cognitively impaired with delirium or dementia. Addi-
tionally, when the magnetic gradients inside the scanner
disturb the magnetic field in the process of producing an
image, they generate a loud rhythmic noise. The combina-
tion of confinement and noise can result in up to 20% of the
general population being unable to remain still enough for
a quality examination.

Technicians are working to circumvent this problem.
Newer MRI scanners are being designed with shorter

bores that are less confining, and some MRI machines are
“open,” that is, they wrap around rather than encompass
the patient. Other, more easily applicable, techniques for
reducing anxiety include using prism glasses, goggles, and
earphones to minimize the feelings of confinement. These
measures do help in some cases. In an agitated patient with
dementia, however, one must often resort to pharmacolog-
ical sedation, which directly affects the functional image.
On another front, more rapid MRI sequences are now able
to image the entire brain in much shorter time (3 seconds),
decreasing the amount of time that a subject must remain
still. Nevertheless, problems of motion sensitivity and a
relatively confining environment will likely continue to be
of particular concern in using MRI in the elderly for many
years to come, despite the wealth of clinical information
that MR scanning can provide.

Previous chapters review the use of MRI to image
brain structure in geriatrics, as well as the use of PET and
SPECT. In this chapter, we briefly describe the new fMRI
techniques and then highlight many of the initial geriatric
applications.

Magnetic Resonance Spectroscopy

Nuclear magnetic resonance (NMR), discovered in 1946,
describes the fact that certain molecules are magnetic and
resonate to specific radio frequencies depending on the
molecule’s magnetic elements and the chemical bonding of
these elements (Kato et al. 1998). Magnetic resonance
spectroscopy (MRS) exploits this phenomenon to detect
the presence of various molecules in millimolar concentra-
tions. Since 1946, MRS has been used mostly in chemistry
research to analyze molecular structure. In 1978, Chance
et al. first used in vivo 31P MRS in mouse brain, but it was
not until the much more recent development of MRI that
spectroscopic analysis became applicable for use in the hu-
man brain because the two techniques require basically the
same hardware (Kato et al. 1998). Some of the molecules
resolvable by MRS are involved in high-energy phosphate
or membrane phospholipid metabolism, so a particular ad-
vantage of MRS is that it allows the noninvasive, in vivo
measurement of tissue metabolites and steady-state meta-
bolic processes (see Table 11–2).

Basic Principles of Magnetic
Resonance Spectroscopy

As mentioned above and discussed in the previous chapter
on structural MRI, the isotopes of certain atoms are mag-
netic and spin about their axes. In a uniform magnetic field
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TABLE 11–1. Advantages of functional magnetic
resonance imaging (MRI) compared
with advantages of positron-
emission tomography (PET) and
single photon emission computed
tomography (SPECT), especially
in geriatrics

Advantages
Has potential for high temporal and spatial resolution
Lacks radioactivity, and most techniques are noninvasive
Can be repeated multiple times
Is performed on upgraded, common MRI scanners

Disadvantages
Is extremely sensitive to head movement
Is awkward environment for complex functional

imaging paradigms
Has contraindications:

Irremovable magnetic devices
Extreme claustrophobia

Cannot perform receptor-ligand studies as with PET and
SPECT

Is new technique with less track record than PET and
SPECT



such as that produced by an MRI scanner, each magnetic
isotope aligns in the direction of the magnetic field and
spins at a rate specific to its type and chemical bonding pat-
tern. In response to a magnetic pulse of specific frequency
(Larmor frequency), a nucleus spinning at its Larmor fre-
quency resonates; that is, it absorbs the energy of the pulse,
and temporarily flips out of alignment with the magnetic
field. As the flipped nucleus gradually relaxes back to its
aligned state, it emits absorbed energy in the form of elec-
tromagnetic waves called free induction decay (FID). The
concentration of the target nucleus is related to the inten-
sity of its observed decay. The Larmor frequency for each
nucleus depends not only on the identity of the isotope it-
self but also on that nucleus’s local molecular magnetic en-
vironment as determined by its chemical bonding. De-
pending on this local environment, the resonant or Larmor
frequency for a particular nucleus will shift (chemical shift)
and produce a slightly different signal, thus allowing one to
distinguish the presence of the same nucleus in different
molecules.

The results of a spectrographic assay appear as a spec-
trograph of several peaks, each representing a particular
molecule. Figure 11–1 illustrates an idealized 1H MRS
spectrograph and Figure 11–2, an actual spectrograph with
accompanying structural MRI. The location of each peak
corresponds to a specific molecule’s Larmor frequency, and
the area under each peak is proportional to the concentra-
tion of the metabolites in the target tissue.

Generally the concentrations of these molecules are so

small that many samples must be acquired and averaged to
obtain enough signals for quantitative analysis. To achieve
this repetition, one uses a spin-echo method, in which the
radiofrequency signal is pulsed a second time after a period
called the echo time (TE), and a second decay signal, the
echo, is observed. One repeats this process over a period
called the repetition time (TR) and averages the values of
observed decay times (FID), or echoes.

Spectrographic assays can be localized to certain re-
gions of the brain. The simplest and oldest method is to use
a surface coil, which roughly targets cortical regions under
the area of the scalp covered by the body of the coil itself
(Charles et al. 1997). At least three techniques are used for
targeting more focal, single-voxel regions such as a tumor
or stroke: depth-resolved surface coil spectroscopy
(DRESS), stimulated-echo method (STEAM), and image
selected in vivo spectroscopy (ISIS) (Kato et al. 1998). For
analyzing several regions of the brain simultaneously, one
uses a method of multiple voxel localization called mag-
netic resonance spectroscopic imaging (MRSI) or chemi-
cal shift imaging (CSI) (Charles et al. 1997; Kato et al.
1998). With this method, one can even reformat the data to
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TABLE 11–2. Some general features of magnetic
resonance imaging (MRI)
spectroscopy

Noninvasively measures tissue biochemistry
Relies on flipping nonwater hydrogen atoms or other

magnetic atoms
Magnetic compounds identified by spectrographic peaks
Single voxel and metabolic spatial techniques available
Common types:

1H spectroscopy
31P spectroscopy
7Li spectroscopy
19F spectroscopy (i.e., fluorinated compounds such as

fluoxetine hydrochloride [Prozac] and trifluoperazine
hydrochloride [Stelazine])

Restricted to the study of mobile magnetic compounds
Receptor-ligand studies not currently possible
Limited spatial and temporal resolution
Resolution may improve with introduction of stronger

MRI magnets

FIGURE 11–1. Idealized examples of a proton magnetic
resonance imaging spectra.
Cho = choline; Cr = creatine; GABA = γ-aminobutyric acid;
Ino = inositol; NAA = N-acetyl-L-aspartate;
PCr = phosphocreatine; ppm = parts per million.
Source. Reprinted with permission from Moore CM,
Renshaw PF: “Magnetic Resonance Spectroscopy Studies of
Affective Disorders,” in Brain Imaging in Clinical Psychiatry.
Edited by Krishnan KRR, Doraiswarmy PM. New York, Mar-
cel-Dekker, 1997, pp. 185–213.



produce an image of the spatial distribution of a particular
metabolite in the brain.

Complications of Magnetic Resonance
Spectroscopy Data Analysis

Several inherent features of MRS make it difficult to obtain
accurate measures of absolute concentrations. For exam-
ple, signal peaks sometimes overlap, making it difficult to
define an area under a specific peak. Differences in hard-
ware conditions, even within the same scanner, such as the
magnetic field drifting with time, mean that any MR analy-
ses are relative and not absolute. In an attempt to correct
for these complications, most spectrographic data on mo-
lecular concentrations are normalized to an internal (usu-
ally H2O) or external signal and/or expressed in terms of ra-
tios to a metabolite whose concentration remains relatively
constant in the brain, such as creatine. Finally, because re-
search in neurochemistry has tended to focus on
neurotransmitters and neuroreceptors at the expense of
the neurometabolites detectable by MRS, and because the
technical capabilities of in vivo MRS in humans are so new,
MRS is still in its infancy. Many of the techniques for both
data acquisition and data analysis have yet to be standard-
ized. All of the issues above contribute to the considerable
discrepancies in the results of many MRS studies. The
highest hope for MRS in geriatric medicine seems to be its
development as a diagnostic tool for differentiating early
stages of Alzheimer’s disease (AD) from other kinds of de-

mentia such as vascular dementia or Parkinson’s dementia.
These diagnoses are particularly difficult for the practi-
tioner, and in fact, to date, AD can be definitively proven
only by biopsy and postmortem pathological examination.
A less invasive and more reliable in vivo diagnosis would
guide both the differential treatment of these dementias
and the development of drugs that could combat them in
their early stages. For this reason, most MRS studies in the
geriatric population have focused on comparisons between
AD and other forms of dementia. After a cursory descrip-
tion of the main spectra and the metabolites they resolve,
we proceed to a discussion of these studies.

Different Magnetic Resonance Spectra
and Their Neurochemical Correlates

31P magnetic resonance spectroscopy. In a
phosphorus-31 magnetic resonance spectrograph of hu-
man brain, seven peaks typically appear, representing the
seven most abundant nuclei in metabolites containing
phosphorus: phosphomonoester (PME), inorganic phos-
phate (Pi), phosphodiester (PDE), phosphocreatine (PCr),
adenosine diphosphate (ADP), and adenosine tri-
phosphate (ATP), and nucleoside triphosphate (NTP).

Phosphomonoester: The PME peak includes metab-
olites involved in membrane phospholipid synthesis
such as phosphatidylcholine or phosphoeth-
anolamine. The concentration of PME normally de-
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FIGURE 11–2. Magnetic resonance imaging scan and actual proton spectra from primary psychiatry.
Source. Reprinted with permission from Cohen BM, Renshaw PF, Stoll AL, et al.: “Decreased Brain Choline Uptake in Older
Adults: An In Vivo Proton Magnetic Resonance Spectroscopy Study.” JAMA 274:902–907, 1995.



creases with age but is elevated in early AD
(Lorberbaum et al. 1998; Pettegrew et al. 1988).
Inorganic phosphate (Pi): The Pi peak includes both
PO4

− and PO4
− 2 from the dynamic equilibrium reac-

tion H2PO4
− → HPO4

− 2 + H+. Based on this reac-
tion, one can calculate the intracellular pH of the
target voxel from the specific chemical shift of this
peak. pH has been found to increase in cases of
chronic infarction, possibly because of the high pH of
macrophages that gravitate to the site of a lesion
(Ross and Michaelis 1994; Vion-Dury et al. 1994).
Phosphodiester (PDE): The PDE peak, alternately,
represents metabolites produced in membrane
phospholipid degeneration such as glycerophospho-
tidylcholine and glycerophosphoethanolamine. It
was once thought that the PME/PDE ratio repre-
sented membrane phospholipid turnover, but be-
cause of the complexities of determining the specific
source of the PDE signal, this is no longer the case
(Kato et al. 1998). The concentration of PDE nor-
mally increases with age.
Phosphocreatine (PCr): PCr is a high-energy phos-
phate found in both brain and muscle. PCr can do-
nate its phosphate group to ADP, thus helping
replenish a cell’s ATP. This probably explains the ob-
served decrease in PCr levels in response to increased
energy demand, such as with photic stimulation.
Adenosine triphosphate (ATP): Concentration of
ATP remains relatively constant in response to stim-
ulation, but the chemical shift of these peaks can be
affected by magnesium and lithium and has allowed
assays of these nuclei (Gupta et al. 1984; Iotti et al.
1996; Kato et al. 1998; Ramasamy and Mota de
Freitas 1989).

1H magnetic resonance spectroscopy. Because
H2O is the most abundant molecule in the body, its spec-
trographic peak normally obliterates the signals of those
molecules containing hydrogen that appear in lesser con-
centrations. After one suppresses the huge signal for H2O,
five peaks generally appear: N-acetyl-L-aspartate (NAA),
creatine (Cr)/phosphocreatine (PCr), choline (Cho),
inositol, and lactate.

N-acetyl-L-aspartate (NAA): NAA is a component of
neurons but not glial cells. It is thought to be a
marker of viable or functional neurons, and its con-
centration has been observed to decrease in condi-
tions of neuronal death and degeneration such as
stroke and AD (Charles et al. 1997; Kato et al. 1998).
Creatine (Cr)/phosphocreatine (PCr): The Cr peak

contains both Cr and PCr. The sum of these mole-
cules (Cr + PCr) was thought to remain relatively
constant in the brain and has been used as an internal
concentration standard for expressing concentra-
tions of other metabolites as ratios (Kato et al. 1998;
Lorberbaum et al. 1998).
Choline (Cho): The choline peak includes signals
from choline containing compounds such as
phosphocholine and glycerophosphocholine, which
are involved in membrane synthesis and breakdown,
and to a lesser degree the neurotransmitter acetyl-
choline and its precursor choline.
Inositol: The inositol peak contains myo-inositol,
which is important in phospholipid metabolism and
second messenger systems (Belmaker et al. 1990).
Others: The excitatory neurotransmitters glutamate
and aspartate and the inhibitory neurotransmitter
γ-aminobutyric acid can be resolved by 1H MRS, as
can lipids. Because the fat surrounding the brain con-
tains high concentrations of lipids, however, signals
from these lipids outside the brain can easily contam-
inate the lipid peak in a spectrum.

Lithium-7 and fluorine-19 spectra. Because lith-
iumand fluorine do not naturally appear in the human body
but are components of many psychotropic drugs, spectra of
these isotopes can be used for pharmacokinetic studies in
patients treated with such drugs (Komoroski et al. 1994).
Tables 11–3 and 11–4 provide chronological lists of 31P
MRS and 1H MRS studies relevant to the field of geriatric
neuropsychiatry.

Normal Aging

In an 1H MRS study of age-related changes in NAA,
Cr + PCr, and Cho, Christiansen et al. (1993) examined
four different brain regions: occipital, temporal and frontal
lobes, and the basal ganglia, in eight healthy volunteers be-
tween the ages of 20 and 30 and eight healthy volunteers
between the ages of 60 and 80. The researchers had ex-
pected elevated levels of NAA in the basal ganglia because
this region has the highest density of neurons. Between
brain regions of both groups, the only significant differ-
ence in metabolite concentrations was an increase in NAA
in the occipital region of the younger group.

In a 1994 1H MRS study of age- and gender-related
changes, Charles et al. examined 34 healthy volunteers (15
men, 19 women) between the ages of 21 and 75. They
found no differences between men and women and gener-
ally lower levels of Cho, Cr, NAA, Cho/NAA, and Cho/Cr
in white matter compared to levels in gray matter in all
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TABLE 11–3. Chronological table of phosphorus 31P magnetic resonance spectroscopy (MRS) studies
relevant to geriatric neuropsychiatry (starting in 1989)

Study Subjects Purpose Results
Brown et al. 1989 17 control

17 AD
10 MSID

To examine phosphorus
metabolism in groups
with different dementias

% PME and PME/PDE increased in temporo-
parietal area of brains of patients with AD.

Pi increased in AD.
PCr/Pi increased in MSID.

Bottomley et al.
1992

11 AD
14 control

To see if phosphorus
metabolism is altered in AD

To combine MRI and MRS to
attempt to get absolute values
for volumes of brain

After correcting for atrophy, study found no
change in any metabolites across groups.

Sappey-Marinier et al.
1992a

30 subjects with
WMSH and no other
significant neuro-
logical disease

To characterize cerebral
oxidative phospholipid
metabolism in WMSH

No change in PCr, PME, and PDE levels or
ratios.

Decrease in ATP/Pi in WMSH, inconclusive if
this relates to ischemia.

Brown et al. 1993 18 MSID
21 control
19 AD

To test whether 31P MRS can
distinguish among patients
with AD, those with vascular
dementia, and control
subjects

Patients with MSID had higher high-energy
phosphate levels than did either those with
AD or control subjects.

Longo et al. 1993 2 case studies of AD
6 control

To attempt to find objective
marker of AD

PDE/ATP and PCr/ATP were elevated for
patients with AD, but these results might be
the result of noise effects or even normal
aging.

1H MRS on one patient with AD found lower
NAA levels and increased Cho.

Murphy et al.
1993

9 AD
8 control

To examine differences in
phosphorus metabolism
between patients with AD
and control subjects

To see if that difference
correlates with severity
of AD

Using PET, to examine how
glucose metabolism is related
to above changes

To use MRI to correct for
atrophy

Glucose metabolism decreased in patients with
AD, but no change in Pi ratios or con-
centration between those with AD and
control subjects or with severity of the
disease.

Cuenod et al.
1995

24 mild AD
15 control

To look for changes in PME
and PDE levels in early
stages of AD

Increased levels of PME/Pi found in frontal
regions of AD.

Pettegrew et al. 1995 7 AD active
5 AD placebo
21 control

To see if acetyl-L-carnitine
helps symptoms, membrane
phospholipid, and high-
energy phosphate
metabolism

Active treatment showed less symptomatic
decline than with placebo.

Baseline PME levels were lower in both AD
groups than in control subjects.

PME levels for the active treatment group
increased.

ATP and PCr increased in group given
placebo.

(continued)



ages. They did find that the Cho, Cr, and NAA levels in the
cortical and subcortical gray matter containing the caudate
and putamen decreased with age. The authors point out
that the reduction in metabolite concentrations in this re-
gion corresponds with previously reported age-related
morphometric changes here also. Charles et al. address
here an issue that is central to MRS data analysis, that is, the
need to correlate “volumetric observations in MRI with
metabolic observations in MRS” or more generally, cor-
recting for the general atrophy of our brains as we age.

31P magnetic resonance spectroscopy studies
of brains of patients with Alzheimer’s dis-
ease. As mentioned above, most MRS studies in the ge-
riatric population have sought to find alterations in metab-
olite concentrations specific to the most common types of
dementia with the intention of 1) understanding the meta-
bolic processes in each disease, 2) diagnosing dementia
causes, and 3) tracking disease progression and response to treat-
ment. One of the more promising findings so far involves
alterations in PME and PDE levels in the brains of patients
with AD that might distinguish AD from normal aging
(Pettegrew et al. 1988). In a series of in vitro studies,
Pettegrew et al. found that, in normal aging, PME levels
decreased while PDE levels increased (Pettegrew et al.
1987, 1990), but that, in early AD, PME levels increased.

Because PME and PDE are involved in membrane
phospholipid synthesis and breakdown, alterations of these
metabolites suggest increased membrane turnover.

Brown et al. in 1989 replicated Pettegrew’s finding in
vivo. They observed elevations in percentage of PME and
PME/PDE in the temporoparietal region significant
enough to differentiate patients with AD from control sub-
jects and those with multi-infarct dementia (MID). But, in
1992, Bottomley et al. found no such alterations in any me-
tabolites (PCr/NTP, PCr/Pi, PDE/NTP, PME/NTP,
Pi/NTP, PDE/PME) after correcting for the atrophy of
the brains of their patients with AD, as measured by MRI.
Murphy et al. in 1993 also found no changes in PME and
PDE levels in patients with AD as compared with control
subjects after correcting for atrophy. Later, in 1993, Brown
et al. again found elevated PME levels in the frontal regions
of brains of patients with AD compared with brains of con-
trol subjects and subjects with MID, but no change in the
temporoparietal regions of all three groups. In 1995,
Cuénod found increased levels of PME in the brains of pa-
tients with early AD, in agreement with Brown et al. and in
disagreement with Bottomley et al., even after correcting
for brain atrophy. Cuénod suggests that differences in the
techniques of acquiring spectrographic data might actually
account for the different results. Smith et al. in 1995 found
no significant differences in PME or PDE between pa-
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Smith et al.
1995

17 mild-moderate AD
elderly and young
control

To examine differences
between patients with
AD and control subjects

PCr/Pi levels elevated in patients with AD
compared with both groups of control
subjects.

No change found in PME nor PDE except as a
feature of gender.

PME and PME/PDE decreased in women
patients with AD.

PCr/Pi levels correlated with age in patients
with AD and in young control subjects.

Decreased PCr/Pi found in frontal lobe of
patients with AD and control subjects.

Gonzaléz et al. 1996 16 mild-moderate AD
8 control

To find neuronal
abnormalities
early in course of AD

NTP and PCr found normal.
Decreased levels of PDE/NTP in patients

with AD.
PME/PDE increased in patients with AD

because of decrease in PDE.

Note. AD = Alzheimer’s disease; Cho = choline; MRI = magnetic resonance imaging; MSID = multiple subcortical ischemic dementia;
NAA = N-acetyl-L-aspartate; NTP = nucleoside triphosphate; PCr = phosphocreatine; PDE = phosphodiester; PET = positron-emission tomo-
graphy; Pi = inorganic phosphate; PME = phosphomonoester; WMSH = white matter signal hyperintensities.

TABLE 11–3. Chronological table of phosphorus 31P magnetic resonance spectroscopy (MRS) studies
relevant to geriatric neuropsychiatry (starting in 1989) (continued)

Study Subjects Purpose Results
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TABLE 11–4. Chronological table of proton 1H magnetic resonance spectroscopy (MRS) studies relevant
to geriatric neuropsychiatry

Study Subjects Purpose Results
Sappey-Marinier

et al. 1992b
7 control
7 stroke
7 WMSH

To test hypothesis of coexistent
ischemia in brain infarcts
and WMSH as evidenced
by increased lactate levels

To test hypothesis that brain
infarct and WMSH are
associated with greater loss
of neurons than other cells as
evidenced by decrease in NAA

In patients with stroke, increased lactate and
decreased NAA.

For patients with WMSH, no changes in
proton metabolites except Cho, which was
increased.

Ford et al. 1992 8 cerebral infarction
5 control

To investigate the time course
and distribution of bio-
chemical changes after stroke

6 patients had decreased NAA/PCr and
NAA/Cr.

Greater decreases correlated with least
recovery of function. Lactate was observed
in infarcted region 9 and 11 days after
stroke.

Christiansen et al.
1993

Healthy volunteers
8 in 20s and 30s
8 in 60s and 70s

To observe differences in NAA,
Cr + PCr, and Cho in
different brain regions
(occipital, basal ganglia,
temporal, frontal) in two
different age groups

Within younger group, NAA was higher in
occipital than other areas.

No other significant regional variations.
NAA levels were higher in occipital area in

younger group compared with that in older.
No significant regional or age-related

variation in T1 and T2 relaxation times.
Shiino et al. 1993 9 PDD

3 NPH
21 control, age 21–72

To investigate metabolic
changes associated with
dementia

No age-related changes in NAA/Cr in
volunteer control subjects.

NAA/Cr reduced in PDD.
No reduction in NAA/Cr in NPH.

Charles et al.
1994

34 healthy volunteers
(15 men, 19 women)

between the ages of
21 and 75

To assess the effect of age and
gender on brain metabolites

No differences between men and women.
NAA, Cho, Cr, Cho/NAA, and Cho/Cr were

lower in white matter than in gray matter.
Cho, Cr, and NAA were lower in cortical and

subcortical gray matter of older individuals.
Meyerhoff et al.
1994

8 AD
10 healthy control

To survey large sections of
brains of patients with AD
to see if cortical loss in AD
measured in vitro is also
detectable in vivo

To see if alterations in NAA
levels in brains of patients
with AD correlate with
atrophy as estimated from
structural MRI

NAA was lower throughout the white matter
of brains of patients with AD. NAA/Cho
was lower and the Cho/Cr higher in mesial
gray matter of subjects with AD compared
with that of control subjects.

Posterior section of centrum semiovale of
brains of patients with AD showed
increased Cho/Cr and Cho/NAA ratios
with NAA/Cr unchanged between patients
with AD and control subjects.

Christiansen et al.
1995

12 AD
8 control

To survey absolute differences
in metabolite levels using the
unsaturated water signal as an
internal standard; also, with
varied echo times and
repetition times, to estimate
the T1 and T2 relaxation
times of the three metabolites

NAA concentration lower in patients with
AD than in control subjects.

No significant difference found for any other
metabolite ratios.

The only significant difference in signal ratios
was that, at TE = 92 msec and TR = 1.6
seconds, the NAA/Cho ratio was lower in
patients with AD.

(continued)
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Bowen et al.
1995

14 Parkinson’s disease
13 healthy control

To determine whether the
proton spectra from patients
with clinically diagnosed
Parkinson’s disease differ
from that of control subjects
with respect to major cerebral
metabolite resonances as well
as lactate

No significant difference in NAA/Cr or
NAA/Cho between patients with
Parkinson’s disease and control subjects.

A significant increase was found in
lactate/NAA for patients with Parkinson’s
disease compared with that for control
subjects.

Shonk et al.
1995

65 AD
39 other dementias
10 FLD
98 medical patients

without dementia
32 healthy control

subjects

To distinguish patients with
AD from those with other
dementias and from the
elderly without dementia

Reduced levels of NAA and increased levels of
MI characterized AD.

Patients with other dementias had reduced
NAA, but normal MI.

Using MI/NAA, patients with AD differed
from normals, with 83% sensitivity and
98% specificity.

Using MI/Cr, patients with other dementias
were distinguished from those with AD and
FLD with negative predictive rate of 80%,
sensitivity of 82%, and specificity of 64%.

Constans et al. 1995 21 elderly control
8 WMSH
11 probable AD with

WMSH
8 IVD with WMSH

To investigate the association
of WMSH with changes
in 1H metabolites

Differences in regional metabolite levels were
found within supraventricular brain of
elderly control subjects. In patients with
AD, extensive WMSHs showed a lower
percentage of NAA and a higher percentage
of Cho compared with contralateral
normal-appearing white matter.

In patients with IVD, extensive and large
WMSHs were associated with a higher
percentage of Cho and a lower percentage
of Cr compared with contralateral normal-
appearing white matter.

MacKay et al.
1996

14 AD
8 SIVD
18 elderly control

To study differences in neuron
density (NAA), membrane
phospholipid metabolites
(Cho), and creatine-
containing metabolites
(Cr + PCr) in subjects with
AD (SIVD) and elderly
control subjects

Lower levels of NAA/Cho and NAA/Cr and
higher levels of Cho/Cr in both gray and
white matter in subjects with AD.

Lower levels of NAA/Cho and higher levels
of Cho/Cr in posterior gray matter of
subjects with AD.

Subjects with SIVD had lower gray and white
matter NAA/Cr levels.

NAA/Cr level was lower in frontal white
matter of subjects with SIVD compared
with control subjects.

(continued)

TABLE 11–4. Chronological table of proton 1H magnetic resonance spectroscopy (MRS) studies relevant
to geriatric neuropsychiatry (continued)

Study Subjects Purpose Results



tients with AD and elderly control subjects but surprisingly
did find decreased levels of PME and increased levels of
PDE in women with AD as compared with men with AD.
They found similar but not as pronounced differences in
the elderly control group. In 1996, Gonzaléz et al. found no
changes in absolute PME and PDE levels between patients
with AD and control subjects but did find significantly de-
creased levels of PME/PDE, probably as a result of de-
creases in overall level of PDE. Gonzaléz et al. also point
out that the discrepancies between their study and previous
ones might be attributable to technical issues of data acqui-
sition or analysis.

Conclusions of magnetic resonance spectros-
copy and aging. Obviously, the field of MRS con-

tinues to evolve as researchers further develop techniques
of data acquisition and interpretation. Spectroscopy offers
the enormous potential of providing noninvasive informa-
tion about brain neurochemistry in a host of diseases in-
volving a geriatric population. Most MRS studies in the ge-
riatric population have sought to find alterations in
metabolite concentrations specific to the most common
types of dementia with the intention of 1) understanding the
metabolic processes in each disease, 2) diagnosing dementia
causes, and 3) tracking disease progression and response to treat-
ment. To date, no firm conclusions have been reached in
any of these three areas, although progress is rapid in all.
MRS cannot at this time be used to diagnose a dementia.
Ongoing studies will soon reveal whether MRS has utility
as a marker for disease progression, which would supple-
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Parnetti et al. 1996 6 DAT
6 AAMI
6 cognitively healthy

control

To examine neuroanatomical
(MRI), perfusional (SPECT),
and neurochemical (1H MRS)
differences among groups

Lower NAA concentration in brains of
patients with DAT and AAMI compared
with that in control subjects.

Mean inositol concentration was higher in
brains of patients with DAT than in brains
of control subjects.

MRI showed reduced hippocampal formation
in patients with DAT and those with AAMI.

SPECT showed frontal, temporoparietal, and
occipital hypoperfusion only in patients
with DAT.

Kattapong et al.
1996

10 DAT
8 vascular dementia

To identify biochemical
differences in brain tissue
between patients with DAT
and those with vascular
dementia

NAA/Cr and NAA/Cho were lower in regions
of subcortical white matter in patients with
vascular dementia compared with those
with DAT.

Frederick et al. 1997 47 AD
16 control

To test the hypothesis that
differences in MRS metab-
olite resonance ratios are
more pronounced in the
temporal lobe than in the
parietal lobe

No significant differences in parietal lobe
metabolite ratios between patients with AD
and control subjects, but a decrease was
found in NAA/Cr in temporal lobe of the
AD group compared with control subjects.

Parnetti et al. 1997 13 AD
7 control

To evaluate the pattern of 1H
MRS in the gray and white
matter of patients with AD
compared with that of control
subjects

In patients with AD, NAA levels decreased in
both gray and white matter, and MI
increased in gray matter.

The gray matter NAA/MI ratio clearly
separated the two groups.

Note. AAMI = age-associated memory impairment; AD = Alzheimer’s disease; Cho = choline; Cr = creatine; DAT = dementia of the Alzheimer
type; FLD = frontal lobe dementia; IVD = ischemic vascular dementia; MI = myo-inositol; MRI = magnetic resonance imaging;
NAA = N-acetyl-L-aspartate; NPH = normal pressure hydrocephalus; PCr = phosphocreatine; PDD = primary degenerative dementia;
SIVD = subcortical ischemic vascular dementia; SPECT = single photon emission computed tomography; TE = echo time; TR = repetition time;
WMSH = white matter signal hyperintensities.

TABLE 11–4. Chronological table of proton 1H magnetic resonance spectroscopy (MRS) studies relevant
to geriatric neuropsychiatry (continued)

Study Subjects Purpose Results



ment clinical ratings. The next few years should see many
studies assessing the sensitivity and repeatability of spec-
troscopy in understanding, diagnosing, and following neu-
ropsychiatric diseases of the elderly.

Functional Magnetic
Resonance Imaging

Blood Oxygen Level–Dependent
Functional Magnetic Resonance Imaging

Blood oxygen level–dependent (BOLD)-fMRI is currently
the most commonly used fMRI technique (Table 11–5).
For BOLD imaging, the MRI scanner is tuned to resonate
and image hydrogen atoms as in conventional MRI; how-
ever, T2*-weighted images are performed, which take ad-
vantage of the fact that deoxygenated hemoglobin is mag-
netic, whereas oxygenated hemoglobin is not (Kwong et al.
1992; Turner et al. 1991). Because of the magnetic proper-
ties of the unflipped magnetic deoxyhemoglobin molecule,
which causes rapid dephasing, T2* signal is retained longer
in a region when it has more oxygenated blood compared
with when there is less oxygenated blood. An activated
brain region has relatively more oxygenated blood com-
pared with when it is resting. Thus, an area with more oxy-
genated blood will show up more intense on T2*-weighted
images compared to when there is less oxygenated blood
around. With this technique, it is assumed that when a
brain region is active, arterial oxygenated blood will redis-
tribute and increase to this area (Sokoloff 1977, 1978). Im-
portantly, there is a time lag of 2–6 seconds between when a
brain region is activated and when blood flow increases
(Kwong et al. 1992; Turner et al. 1991). During the initial
fraction of a second after increased neuronal activity, the
activated areas experience a relative decrease in oxygenated
blood as oxygen is extracted by the active regional neurons.
Afterward, the amount of blood flowing to the entire area
far outweighs the amount of oxygen that is extracted so that
the level of oxygenated blood is now higher. Some have said
that the brain floods the entire garden (region) for want of
one thirsty flower (a small group of active neurons). Al-
though new MRI machines can acquire images every 100
msec with echoplanar imaging, a type of rapid acquisition,
this predictable but time-varied delayed onset of the
BOLD response limits the immediate temporal resolution
to several seconds instead of the 100-msec potential. In the
future, researchers may be able to improve the temporal
resolution of fMRI by measuring the initial decrease in ox-
ygenated blood rather than the later flood of oxygen
(Menon et al. 1995). Additionally, many researchers are us-

ing BOLD fMRI to look at brain changes after a single
event rather than a repeated task over several seconds. Sin-
gle-event MRI may offer improved temporal resolution.

BOLD fMRI is a relative technique in that it must
compare images taken during one mental state to another
to create a meaningful picture. Because images are ac-
quired very rapidly (e.g., a set of 30 coronal brain slices ev-
ery 3 seconds is commonly done at the Medical University
of South Carolina [MUSC]), one can acquire enough im-
ages to measure the relative differences between two states
to perform a statistical analysis within a single individual.
Ideally, these states would differ in only one aspect so that
everything is controlled for except the behavior in ques-
tion. BOLD fMRI paradigms generally have several peri-
ods of rest alternating with several periods of activation.
Images are then compared over the entire activation to the
rest periods. Images obtained over the first 3–6 seconds of
each period are generally discarded because of the delay in
hemodynamic response. Alternating paradigms are used
because the signal intensity generated by the MRI scanner
drifts with time. Typically, one compares activity between
task and rest and then generates a statistical map of regions
that are significantly changed during the task. This statisti-
cal map is then merged onto a structural MRI scan obtained
in the same slices (see Figure 11–3).

With current technology, BOLD fMRI is best used for
studying processes that can be rapidly turned on and off,
such as language, vision, movement, hearing, and memory.
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TABLE 11–5. Blood oxygen level–dependent
(BOLD) functional MRI (fMRI)

Based on
Differential magnetic properties of deoxyhemoglobin and
oxyhemoglobin
Coupling of oxygenated blood flow and neuronal activity

High spatial and temporal resolution
2- to 6-second delay in blood flow response limits optimal

temporal resolution
With rapid scanning, one compares images taken during

active and rest states within an individual within a single
session

Inferior frontal and temporal areas vulnerable to air-tissue
artifacts

Very sensitive to movement and thus has not been used much
so far in geriatric populations

Technique has good potential to
Show brain activity during memory tasks
Help understand pathophysiology
Perhaps be used in diagnosis and treatment monitoring



The true power of BOLD fMRI for examining subtle men-
tal processes was demonstrated in the study by Whalen and
colleagues (1998). They used a backward masking proce-
dure to present three alternating conditions to 10 subjects:
1) a baseline condition, in which subjects would see a “+”
sign; 2) a “happy” (H) condition, in which subjects would
see repeated presentations of 33 msec of a happy face fol-
lowed by 167 msec of a neutral face; and 3) a “fear” (F) con-
dition, in which subjects would see repeated presentations
of 33 msec of a fearful face followed by 167 msec of a neutral
face. Here, fearful and happy faces were presented in such a
way that 8 of the 10 participants could not identify them.
Despite their lack of conscious awareness of the emotive
faces, subjects had relatively increased amygdala activation
with fearful faces and relatively decreased amygdala activa-
tion with the happy faces, indicating that they must have
processed the information at an unconscious level.

Unfortunately, BOLD fMRI is sensitive to movement
so that tasks are limited to those without head movement,
including speaking, which, of course, also severely limits its
use in patients with dementia or those who are agitated.
(With single-event fMRI, however, one cannot image dur-
ing movement [speech], but because there is a 3–6 second
delay in blood flow to the region, instead one must image
after the task, when movement stops.) Another limitation
of BOLD fMRI is that artifacts often appear on scans in
brain regions that are close to air (i.e., sinuses), which cause
problems in observing regions at the base of the brain such
as the orbitofrontal and mediotemporal cortices. Some-
times observed areas of activation may be located more in
large draining veins rather than directly at a capillary bed
near the site of neuronal activation, which also complicates
the interpretation of these scans (Moseley et al. 1996).

Neurologists and neurosurgeons are beginning to use

278 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

FIGURE 11–3. An outline of the image analysis steps used in blood oxygen level–dependent functional magnetic resonance
imaging analysis.



this technique clinically to noninvasively map language,
motor, and memory function in patients undergoing neu-
rosurgery (Binder 1997; Binder et al. 1996; Bookheimer
1996; Jack et al. 1994). Currently, there are no indications
for BOLD fMRI in clinical psychiatry, although this tech-
nique holds considerable promise for unraveling the neu-
roanatomical basis of neuropsychiatric diseases. BOLD
fMRI may be of potential help in sorting out diagnostic
heterogeneity and treatment planning in the future.

A large literature documents that brain blood flow at
rest and in response to cortical tasks declines with age. Sev-
eral PET studies have reported that brain blood flow acti-
vation is reduced in elderly subjects who are shown a check-
erboard or asked to move their fingers (Melamed et al.
1980). Ross and colleagues used fMRI to test this hypothe-
sis that blood flow response to tasks declines with increas-
ing age (Ross et al. 1997). They used echoplanar BOLD
fMRI imaging of changes as a result of photic stimulation
in 9 elderly subjects (average age 71) and 17 young control
subjects (average age 24). The magnitude of the BOLD re-
sponse was reduced in the elderly subjects (2.5% increase
in the elderly compared with an average 4% increase in the
younger group).

All of these activation studies employ some aspect of
the peripheral nervous system to elicit brain changes. Our
group at MUSC has recently been able to stimulate the
brain directly and noninvasively with transcranial mag-
netic stimulation (TMS), thus bypassing the peripheral
nervous system, while also acquiring BOLD fMRI re-
sponses. Although this work is still in progress, there does
not appear to be a decline with age (Figure 11–4). An im-
portant confound is that the distance from the coil to cortex
matters a great deal in TMS (the magnetic field falls off
logarithmically), and this distance does increase with age.
More work is necessary with this novel combination
method before it can be reliably used to test the generally
accepted notion that a mild decline in blood flow response
to activation does occur as people age.

Perfusion Functional Magnetic
Resonance Imaging

Two fMRI methods have been developed for directly mea-
suring cerebral blood flow. The first method, called intra-
venous bolus tracking, relies on the intravenous injection
of a magnetic compound such as a gadolinium-containing
contrast agent and measuring its T2*-weighted signal as it
perfuses through the brain over a short period of time
(Belliveau et al. 1991; Rosen et al. 1991). Areas perfused
with the magnetic compound show less signal intensity as
the compound creates a magnetic inhomogeneity that de-

creases the T2* signal. The magnetic compound may be in-
jected once during the control and once during the activa-
tion task, and relative differences in blood flow between the
two states may be determined to develop a perfusion image;
alternatively, one can measure changes in blood flow over
time after a single injection to generate a perfusion map.
Belliveau et al. (1991) used the technique to create the first
functional magnetic resonance maps of human task activa-
tion using a visual stimulation paradigm. They imaged the
occipital lobe after injecting gadolinium–diethylene-
triamine pentaacetic acid once during darkness and again
during a flashing light to map the visual response. They
made a statistical comparison between images obtained
during visual stimulation versus those obtained during
darkness to generate an image.

Although gadolinium-based contrasts are not radioac-
tive, the number of boluses that can be given to an individ-
ual is limited by the potential for kidney toxicity with re-
peated tracer administration. Also, this technique
generates a map of only relative cerebral blood flow, not ab-
solute flow, as in the technique described below. Several
groups have used gadolinium bolus perfusion MRI in el-
derly subjects, with promising initial results. Gonzaléz and
colleagues (1995) performed fluorodeoxyglucose PET
(measuring glucose metabolism) and then in the same 10
subjects assessed relative regional perfusion using fMRI.
The subjects had a range of diagnoses from AD (6) to Pick’s
disease (1) and primary progressive aphasia (1). These
researchers found that abnormal areas of metabolism also
had abnormal flow as measured by the new fMRI
technique.

Mattay and colleagues (1996) performed an explor-
atory perfusion fMRI study in 4 young control subjects,
6 psychiatrically healthy elderly control subjects (average
age 71 years), and 6 matched elderly patients with senile de-
mentia, Alzheimer type. All subjects also received perfu-
sion SPECT. The perfusion fMRI scans were of good qual-
ity with little motion artifact (motion artifact was seen in
the SPECT studies and was likely a result of a longer acqui-
sition time). All subjects with senile dementia, Alzheimer
type, showed decreased perfusion in the temporoparietal
cortex. Unfortunately, the perfusion fMRI also showed de-
creased cortical activity in 2 elderly healthy control sub-
jects (false-positives). In a more formal study, Harris and
colleagues (1996) used bolus fMRI to study 13 patients
with AD and 13 matched control subjects. Relative activity
in temporoparietal cortex was decreased in the group with
AD. Relative motor cortex activity did not differ. These
two studies demonstrate that bolus perfusion MRI likely
can be used to differentiate brain activity in patients with
AD compared with that in control subjects. Larger pro-
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spective studies in a more heterogeneous clinical sample
are needed before making a final conclusion about the ulti-
mate clinical utility of this form of MRI to diagnose and
monitor AD.

Arterial spin labeling is a T1-weighted noninvasive
technique in which intrinsic hydrogen atoms in arterial wa-
ter outside of the slice of interest are magnetically tagged
(“flipped”) as they course through the blood and are then
imaged as they enter the slice of interest (Table 11–6)
(Bohning et al. 1996a, 1996b; Warach et al. 1994). In con-
trast to the gadolinium bolus perfusion method described
above, arterial spin labeling is noninvasive, does not in-
volve an intravenous bolus injection, and can thus be re-
peatedly performed in individual subjects. Also, absolute
regional blood flow can be measured, which cannot be eas-
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FIGURE 11–4. Brain activity during transcranial magnetic stimulation (TMS)/functional magnetic resonance imaging over
motor cortex from work done at the Medical University of South Carolina. Note in the graph on the bottom no significant decline
with increased age across a small cohort. This is contrary to other studies, which have found that blood flow response to stimula-
tion declines with increasing age. “WILL” denotes activity during volitional or willful movement.

TABLE 11–6. Arterial spin-labeling functional
magnetic resonance imaging (fMRI)

Provides for magnetic tagging of hydrogen atoms
as they course through the blood and imaging
them as they course through the slice of
interest

Measures absolute blood flow
Directly compares data taken in different imaging

sessions
Is suited to measuring state differences between

groups (e.g., patients with Alzheimer’s disease
versus psychiatrically healthy control
subjects)



ily measured with SPECT or BOLD fMRI and which re-
quires an arterial line with PET. Because absolute informa-
tion is obtained, cerebral blood flow can be serially
measured over separate imaging sessions, such as measur-
ing blood flow in subjects with bipolar disorder as they
course through different disease states (Speer et al. 1997).
Absolute blood flow information may be important in im-
aging such processes as anxiety, which may be hard to turn
on and off. For instance, in patients with AD, a medica-
tion-free cognitive task may be imaged on one day, and per-
forming the same task following a single dose of a medica-
tion may be imaged on the next day. Comparing these
separate tasks in different imaging sessions would not be
possible with BOLD fMRI. Figure 11–5 shows an example
of the arterial spin-labeling technique from MUSC as ap-
plied to understanding the pathological changes in ad-
vanced AD.

Our group at MUSC has had difficulty implementing

this arterial spin-labeling perfusion fMRI technique to di-
agnose AD as a result of the low signal-to-noise ratio of this
tool, although we are hopeful that better analysis of the
time curves will improve our data (Mirski et al. 1998).
Sandson and colleagues recently successfully demon-
strated that their version of this technique revealed differ-
ences in blood flow in 11 patients with AD compared with 8
psychiatrically healthy age-matched control subjects
(Sandson et al. 1996). Further, they found that parieto-
occipital hypoperfusion correlated with dementia (i.e., the
more severe the dementia, the less blood flow in this re-
gion). It thus now remains for research groups to refine this
technique and see if it can detect more subtle brain changes
in early AD or even before symptoms manifest. This tech-
nique thus offers much promise in dementia diagnosis and
follow-up because during one MRI scanning session one
can accurately detect blood flow changes resulting from
ischemia and measure brain volume in key structures such
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FIGURE 11–5. A transverse structural magnetic resonance imaging (MRI) scan (left) and spin-labeled perfusion functional
MRI (right) from a psychiatrically healthy control subject (top) and patient with Alzheimer’s disease (AD) (bottom). Note the atro-
phy in the brain of the patient with AD as well as the decreased perfusion both globally and in parietal cortex. yo = year old.
Source. From Mirski D, Greenshields AJ, Mintzer J, et al.: “Perfusion Studies of Patients with Alzheimer’s Disease.” Abstract
presented at the Annual Meeting of the American Association of Geriatric Psychiatry, San Diego, CA, June 1998.



as the hippocampus, while at the same time detecting per-
fusion defects associated with classical AD, all with the ele-
gance of 1-mm resolution. Although there is currently no
clinical indication for this MRI perfusion technique, it may
soon be used clinically to help characterize the different
stages of acute ischemic stroke (Fisher et al. 1995).

Summary

Functional MRI scanning is an area in its infancy. However,
already it is apparent that fMRI can noninvasively provide
several types of information that will undoubtedly be help-
ful in understanding and treating neuropsychiatric diseases
in later life. MRS is still unproven but promises to serve as a
noninvasive marker of disease progression in AD. An ex-
plosion of BOLD fMRI studies is mapping which brain re-
gions are involved in performing different cognitive tasks.
Most of this work is initially focusing on healthy young
adults. Work in the next few years will likely begin address-
ing how the brain changes over time and whether the gen-
eral conclusions about brain mapping drawn from young
cohorts also apply to the elderly. Perfusion MRI has al-
ready been shown to distinguish subjects with AD from
those with other forms of dementia. Widespread adoption
of this tool in diagnosing and monitoring treatment awaits
larger studies showing clinical utility and cost-effective-
ness.

Although these advanced techniques have a limited
role now, over the next few years these methods likely will
become increasingly more a part of general clinical prac-
tice, provided that minor technical hurdles are overcome
and that the early studies show that MRI can truly make a
cost-effective difference in clinical care.
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12
Quantitative

Electroencephalography
Neurophysiological Alterations in Normal Aging and

Geriatric Neuropsychiatric Disorders

Daniel P. Holschneider, M.D.

Andrew F. Leuchter, M.D.

Electroencephalography (EEG) is the old-
est form of functional brain imaging. It

has several advantages over newer forms of functional imag-
ing, such as positron-emission tomography (PET) or single
photon emission computed tomography (SPECT): EEG is
noninvasive, inexpensive, and portable, and it can provide
images based on less than 1 second of data. It also provides
direct information about the functional integrity of fiber
tracts, without the risk of exposure to ionizing radiation.

The central limitation of EEG has been the difficulty
in relating potentials measured at the scalp surface to un-
derlying brain physiology. Although most of the brain’s en-
ergy metabolism is devoted to the production of electrical
gradients and signals, brain electrical activity traditionally
has been only a dim reflection of brain perfusion, metabo-
lism, or structural integrity.

Over the past several years, significant advances have
been made in our understanding of the relationship among
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285



brain energy metabolism, structure, and electrical signal
production. Driven by widespread availability of inexpen-
sive microcomputers, quantitative EEG (QEEG) has sup-
planted conventional EEG in research laboratories and
many clinical settings. Studies correlating alterations in
electrical activity with changes in perfusion and metabo-
lism, or with structural disease, have significantly advanced
methods for QEEG signal analysis. New algorithms have
established QEEG as a reliable, noninvasive method of
brain imaging with significant clinical utility. In this chap-
ter, we review the history of EEG and QEEG and discuss
their potential uses in geriatric neuropsychiatry.

History of Electroencephalography

EEG was popularized in the early 20th century by a psychi-
atrist, Dr. Hans Berger, who demonstrated changes in the
EEG with arousal, anxiety, and other emotions and activi-
ties. Enthusiasm for EEG was supported by Berger’s study
of the EEGs of institutionalized patients (Berger 1937),
many of whom showed distinct abnormalities (particularly
diffuse slowing).

Berger’s suppositions about the information contained
in brain electrical activity were correct, but his technology
was inadequate to decode the complex information embed-
ded in the EEG signal. Berger used a double-coil galva-
nometer whose oscillations moved a mirror, thereby de-
flecting a beam of light, which traced the EEG signal on
photographic paper (Gloor 1969). Grass and Gibbs per-
formed the first QEEG analysis in 1938, but their mechan-
ical Fourier transform (using a rotating drum) was too
cumbersome and unreliable to process large volumes of
data or multiple channels simultaneously. The develop-
ment of techniques through pen-and-ink recorders, and
then mechanical frequency analyzers, did not provide the
tools necessary to decode the complex information con-
tained in the EEG. As a result, researchers struggled with a
central irony: although most of the brain’s energy metabo-
lism was devoted to the production of electrical potentials,
researchers could not realize Berger’s dream of studying
brain processes, and particularly cognitive functions, using
EEG. As a result, the applications for EEG in neuropsy-
chiatry have traditionally been limited.

Conventional Electroencephalography

Indications for Conventional
Electroencephalography

Conventional EEG has several clinical applications in psy-
chiatric practice, primarily in the evaluation of disorders at

the interface between psychiatry and neurology. First,
EEG is useful for distinguishing psychiatrically healthy el-
derly from those with possible dementia. The EEG of a
psychiatrically healthy elderly subject may differ little from
that of a psychiatrically healthy young adult (Hubbard et al.
1976; Hughes and Cayaffa 1977; Katz and Horowitz 1982).
Most reports, however, suggest that, beginning in the fifth
or sixth decade, one observes a decrease of 0.5–1.0 Hz in
the mean frequency of the posterior dominant (“alpha”)
rhythm (Busse 1983; Kanowski 1971; Obrist and Busse
1965; Roubicek 1977), decreased reactivity of posterior
dominant rhythm to eye opening (decreased alpha block-
ing) (Andermann and Stoller 1961), increased theta
slow-wave activity (F. A. Gibbs and Gibbs 1951; Obrist
1979), and focal slowing, primarily in the left
anterotemporal region. Focal slowing has been reported in
17%–59% of psychiatrically healthy elderly subjects
(Helmchen et al. 1967; Hughes and Cayaffa 1977; Katz and
Horowitz 1982; Obrist and Busse 1965; Otomo and
Tsubaki 1966; Soininen et al. 1982; Torres et al. 1983;
Visser et al. 1987), but, if normal, it should be intermittent
and never exceed 25% of the EEG recording. Similarly, al-
though the posterior dominant rhythm may slow some-
what, it should remain above 8 Hz in the waking state
(Obrist 1979; Oken and Kaye 1992). Some researchers
have noted a slight increase in high frequency (beta) activ-
ity with aging (E. Gibbs et al. 1950; Matousek et al. 1967;
Mundy-Castle 1951; Obrist 1954), whereas others have
found a decline in beta activity in psychiatrically healthy el-
derly after the sixth decade (Busse and Obrist 1965; Obrist
1976; Schlagenhauff 1973; Wang and Busse 1969).

These findings contrast with those from patients with
dementia. EEG abnormalities in dementia were first re-
ported by Berger (Berger 1937), who described gross slow-
ing of the dominant frequency. For almost 40 years after
Berger’s initial reports, EEG studies of dementia described
decreases in the frequency, quantity (Stoller 1949), and re-
activity of the alpha rhythm (Andermann and Stoller 1961;
Dejaiffe et al. 1964), as well as an excess of theta and delta
slow-wave activity (McAdam and Robinson 1956; Weiner
and Schuster 1956). Early reports suggested that only pa-
tients with moderately advanced dementia could be distin-
guished from psychiatrically healthy elderly subjects be-
cause normal EEGs were the rule in patients with the early
stages of dementia (Gordon and Sim 1967; Loeb 1980;
Weiner and Schuster 1956). More recently, however, it has
been shown that a majority of patients with dementia have
abnormal EEGs, and that fully half of individuals with
equivocal impairment (Mini-Mental State Exam [MMSE]
scores ≥ 24) show abnormalities (Folstein et al. 1975;
Leuchter et al. 1993a). The high prevalence of abnormali-
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ties even in the early stages of the illness increases the diag-
nostic usefulness of the test.

Conventional EEG is a nonspecific indicator of the
type of dementia. Focal abnormalities are reported to be
more common in patients with vascular dementia (74% of
patients) than in those with primary degenerative dementia
(19% of patients) (Dejaiffe et al. 1964; Harrison et al. 1979;
Logar et al. 1987; Roberts et al. 1978), but this finding is of
limited diagnostic usefulness. Furthermore, some patients
will have both illnesses, and their coexistence can be diffi-
cult to detect (Ettlin et al. 1989). Bilateral paroxysmal ac-
tivity occurs in approximately 25% of patients with either
vascular or primary degenerative dementia (Dejaiffe et al.
1964; Fortin 1966; Liddell 1958). Bifrontal, repetitive sharp
waves or triphasic waves are seen in a majority of patients with
Creutzfeldt-Jakob disease in early stages of the illness
(Aguglia et al. 1997; Burger et al. 1972; Chiofalo et al. 1980;
Steinhoff et al. 1996) but also are seen in a variety of toxic or
metabolic dementias. The increase in focal abnormalities
seen in vascular dementias, the low-amplitude background
activity of Huntington’s disease (Margerison and Scott 1965;
Oltman and Friedman 1961; Scott et al. 1972), and the
well-preserved posterior dominant background rhythm of
Pick’s disease (Groen and Endtz 1982; Johannesson et al.
1977; Tissot et al. 1975) are characteristic for groups of pa-
tients but have not proven sufficiently specific to allow confi-
dent diagnostic classification of individual subjects.

The abnormalities found in patients with dementia
have not only diagnostic but also prognostic significance.
These abnormalities identify the subgroup of patients who
are at greatest risk for functional decline (Leuchter et al.
1994d, 1994e), and the degree of EEG slowing is the single
best predictor of 1-year mortality in patients with dementia
(Kaszniak et al. 1978).

A second illness in which EEG has a useful diagnostic
role is delirium. Excessive slowing is seen almost universally
in patients with delirium (G. Engel and Romano 1959), mak-
ing EEG a useful physiological tool to support the diagnosis.
More importantly,EEGmaybeusedtomonitor recoverybe-
cause the degree of slowing is an indicator of the severity of
the encephalopathy, and slowing resolves in response to ef-
fective interventions (Brenner 1991; Romano and Engel
1944). In cases in which mental status examination is equiv-
ocal, or difficult to perform (such as in a patient on a venti-
lator or with aphasia), such physiological testing can be
useful for monitoring the resolution of the delirium. Dis-
tinguishing patients with depression or the changes of nor-
mal aging from those with delirium has been reported not
to be problematic because of the severity of the abnormali-
ties commonly seen in delirium (Brenner 1991; G. Engel
and Romano 1959; Rabins and Folstein 1982).

The evaluation of late-onset seizures is not uncom-
mon: the elderly may account for one-quarter of the cases
of new-onset epilepsy (Sander et al. 1990), most commonly
in association with stroke, trauma, mass lesions, and toxic
metabolic disorders (Ettinger and Shinnar 1993; Luhdorf
et al. 1986a, 1986b; Sung and Chu 1990). The prevalence
of seizures in patients with Alzheimer’s disease (AD) has
been estimated at 3%–17% (Burns et al. 1991; Hauser et al.
1986; Mendez et al. 1994). The EEG may be used to con-
firm the presence of epileptiform discharges and to help es-
tablish the type of seizure disorder. It cannot, however, rule
out a seizure disorder because a significant proportion of
patients with late-onset seizure disorders have normal
EEGs (estimated at 10%–47%, depending on etiology of
the seizure and the time of recording on follow-up) (Ahuja
and Mohanta 1982; Carney et al. 1969; da Silva et al. 1992;
Luhdorf et al. 1986a, 1986b). Even when epileptiform ab-
normalities (i.e., spikes or spike-and-wave complexes) are
detected, a diagnosis of a seizure disorder is not certain be-
cause these abnormalities generally are interictal in nature
(i.e., not contemporaneous with an actual seizure). In some
brain areas (such as occipital cortex), interictal abnormali-
ties may have a low correlation with clinical seizures
(Niedermeyer and Lopes da Silva 1987). In other cases, re-
nal failure or degenerative brain disease can lead to the de-
velopment of generalized sharp waves or spike foci that
have a low association with clinical seizures. To be certain
of the diagnosis, long-term observation with ambulatory
or telemetered EEG with video monitoring may be neces-
sary to capture an episode of behavioral disturbance and
the attendant changes in brain electrical activity. In all
cases, seizures are diagnosed on the basis of clinical presen-
tation (Thomas 1997).

Conventional EEG has been found to be normal in a
large proportion of subjects with depression (60%–76%)
(Heyman et al. 1991; Leuchter et al. 1993a). Abnormal-
ities, when they are found, are usually mild. A normal EEG
may be useful in distinguishing patients with pseudo-
dementia from those with advanced dementia. However,
conventional EEG is of limited use in distinguishing
among depression, early dementia, and states of depression
superimposed on an underlying dementia. In fact, many
patients who have cognitive complaints and a primary diag-
nosis of depression also have abnormal conventional EEGs
(Leuchter et al. 1993a).

Limitations of Conventional
Electroencephalography

At least three factors limit the applications of conventional
EEG in psychiatric practice. First, the EEG is a complex
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test that is not readily subject to interpretation by most
physicians. A significant degree of training is necessary to
develop proficiency at identification of abnormalities and
in distinguishing abnormalities from artifact. Second, even
among skilled interpreters, there is an inherent problem of
the limited reliability of qualitative interpretation. Differ-
ent electroencephalographers (or a single electro-
encephalographer on different occasions) yield different
interpretations of the same test a disturbingly high propor-
tion of the time (Woody 1966, 1968). Third, for certain
types of EEG activity, no consensus has been reached on
the definitions of the upper and lower limits of normality.
For example, excessive slow-wave activity in the EEG is a
common finding in the elderly who are organically im-
paired and suggests the presence of either dementia or de-
lirium. No well-established guidelines exist, however, for
determining when slow-wave activity is excessive.
Electroencephalographers may differ on how much slow-
wave activity is acceptable at any given age. Even with gen-
eral agreement, it is difficult to standardize such agreement
among physicians (particularly those who do not work in
the same facility) and to determine the sensitivity and spec-
ificity of the qualitative finding of “excessive slowing” in
detecting brain disease. This lack of standardization also
has hampered research efforts.

Quantitative Electroencephalography

QEEG analysis minimizes or even eliminates some of the
limitations of conventional EEG. After a brief discussion of
the technical aspect of QEEG, the clinical applications of
the technique are discussed below.

Description of the Quantitative
Electroencephalography Technique

Conventional EEG is rapidly yielding to QEEG, in which
on-line digitization of the signal and recordings onto mag-
netic or optical media replace analogue pen-and-ink
recordings. As short a time as 15 years ago, quantitation
commonly was performed with a roomful of costly mini-
computers. Starting in the mid-1980s, coincident with the
wide availability of low-cost microcomputers, QEEG be-
gan to flourish and now is performed by academic and com-
munity-based physicians.

QEEG data are sampled at rates of at least 100 points
per channel per second, and the analogue waveforms may
be displayed in real time from these digital data either
through a polygraph interface on paper or on a high-
resolution video display terminal. Either of these display

methods allows for conventional EEG interpretation of
the digital recording.

Once digital data are recorded, the data can be trans-
formed from the domain of amplitude versus frequency, in
which they are recorded, to the domain of energy (or
“power”) versus frequency band (Figure 12–1). The pro-
cess of this transformation is known as spectral analysis and
commonly is achieved by processing the data through an
algorithm known as Fourier transform. This algorithm is
based upon the assumption that the complex waveform of
the EEG may be modeled as the summation of a series of si-
nusoidal waveforms of different amplitudes and frequen-
cies. A segment (or epoch) is decomposed into a series of
simpler sine wave components, and the power at each fre-
quency band for that epoch can be calculated from the
characteristics of the sine wave at that frequency. Power (or
amplitude2) can be calculated for frequencies up to half the
value of the sampling rate (the so-called Nyquist fre-
quency).

Power estimates can be calculated for a second of data
or even less, although the representative nature of such a
small epoch for that individual’s resting brain electrical ac-
tivity is questionable. Commonly, the power in a series of
frequency bands (the so-called power spectrum) is calcu-
lated for 20–30 seconds of data, either as discrete smaller
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FIGURE 12–1. Panel 1a: Posterior dominant rhythm from
a psychiatrically healthy subject, showing a sinusoidal 10-Hz
rhythm. Panel 1b: Spectral analysis of this signal showing a
peak of power at 10 Hz. Panel 2a: Posterior dominant rhythm
such as that seen in a patient with dementia. Although some
retained 10-Hz activity is seen, a number of intermixed slow
waves are also present. Panel 2b: Spectral analysis of this more
complex signal, showing peaks of power in the delta (0–4 Hz),
theta (4–8 Hz), and alpha range.
sOURCE. Reprinted with permission from Spehlmann R:
EEG Primer. New York, Elsevier Science, 1981, pp. 124.
Copyright 1981 by Elsevier Biomedical Press.



epochs averaged together or as a single epoch.
QEEG overcomes several of the limitations of con-

ventional EEG. Because it yields quantitative measure-
ments of the frequency content of any segment of EEG, it
provides much more reliable information regarding the
amount of slow-wave activity in a record. These quantita-
tive estimates not only minimize errors in judgment but
also yield reproducible estimates that can be compared
over time in a single individual.

The QEEG procedure also provides information that
is not accessible from the visual inspection of the conven-
tional recording. For example, QEEG can reliably mea-
sure the proportion of the total power that is in any given
frequency band (so-called relative power, measured as a
percent of total power). This measure is particularly useful
because it normalizes for the wide fluctuations in total
power across individuals and can detect subtle shifts in
brain function in an individual over time.

Another product of the Fourier transform is coherence.
Coherence quantifies the phase consistency of two signals,
that is, the extent to which EEG signals from different
brain regions have common, time-locked frequency com-
ponents. Coherence is analogous to a correlation coeffi-
cient between the signals recorded at two locations and is
computed from the formula:

 Sxy (λ) 2

Cxy (λ) =
Sx (λ) ∗ Sy (λ)

in which the square of the cross-spectrum is divided by the
product of the spectra of the individual channels (Bendat
and Piersol 1986). Values vary between 0 and 1. A value
near 1 indicates extensive shared activity; a value near 0 in-
dicates little shared activity. Coherence has been used as an
indirect measure of functional connectivity and intactness
of neuronal fiber tracts.

Evoked Potentials

In an attempt to standardize QEEG information, some in-
vestigators have controlled variability by recording electri-
cal activity while the subjects are exposed to standardized
visual, auditory, or other stimuli. These so-called evoked
potentials (EPs), or event-related potentials (ERPs), are
multicomponent waves of positive and negative potentials
that result when the EEG signal from the scalp is averaged
across numerous trials for a specified time interval after a
stimulus. ERP components are labeled usually according
to their polarities (“P” for positive, “N” for negative) and
according to their latency from time of the stimulus (in mil-
liseconds); some components are labeled according to their

presumed function (e.g., contingent negative variation).
ERPs are classified as to the type of triggering physical

stimuli used. Visual evoked potentials (VEPs) commonly
are generated in response to simple flashes of light or to re-
versal of background and foreground colors in complex
patterns (such as a checkerboard). Auditory evoked poten-
tials (AEPs) are generated in response to a series of clicks or
tones that may be constant or vary unpredictably over time.
Somatosensory evoked potentials (SSEPs) are generated as
a result of the electrical stimulation of a peripheral nerve.

After stimulation of a sense organ, it takes approxi-
mately 20 msec for the electrical signal to reach the cortex.
ERPs recorded with short latencies of 20–80 msec are
termed stimulus bound or exogenous, as they are believed to
represent obligate responses of the nervous system gener-
ated in spinal cord or brainstem structures. Perhaps of
greater interest for geriatric neuropsychiatry are ERPs
with medium to long latencies, termed endogenous or cogni-
tive potentials, thought to represent responses of higher
centers (including primary or association cortex). These
potentials are more sensitive to psychological variables,
such as the subject’s motivation, attention, or intention,
and less sensitive to characteristics of the eliciting stimulus.
Certain endogenous ERPs are indicative of the subject’s
“cognitive set” or preparation for a motor response or cog-
nitive task and may be recorded even in the absence of an
associated physical stimulus. The main advantage of ERPs
is their fine temporal resolution, which is fast enough to
monitor the multiple, sequential stages of human sensory
and cognitive processes.

Quantitative electroencephalography and
event-related potential changes with normal
aging. QEEG studies of normal aging reveal some dif-
ferences from conventional EEG studies. It is agreed that
there is a slight slowing of the posterior dominant rhythm
by 0.5–1.0 Hz, although by definition it must remain above
8 Hz (Busse 1983; Duffy et al. 1984a; Oken and Kaye 1992),
and decreased alpha blocking (Duffy et al. 1984a). There is
disagreement, however, regarding increases in slow-wave
power, with several studies finding that delta and theta
power do not increase with normal aging (Duffy et al.
1984a; Katz and Horowitz 1982; Leuchter et al. 1993b;
Matejcek et al. 1979; Williamson et al. 1990). Factors asso-
ciated with aging such as hypertension (Visser 1991), ath-
erosclerosis (Obrist et al. 1963), and diabetes (Mooradian
et al. 1988; Pramming et al. 1988) can cause subclinical
cerebrovascular insufficiency and structural and functional
brain changes (Giaquinto and Nolfe 1988; Obrist et al.
1963; Visser 1991; Visser et al. 1987). The finding in some
QEEG studies that slow-wave power does not increase
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with aging probably reflects a superior health status of the
subjects (Oken and Kaye 1992). QEEG studies further in-
dicate that increased temporal slow-wave power with aging
may reflect underlying pathology because it is inversely re-
lated to performance on memory testing (Rice et al. 1991).

Studies of beta power suggest that it increases with ag-
ing until the seventh decade, when decreases can occur
(Duffy et al. 1984a; Holschneider and Leuchter 1995; Wil-
liamson et al. 1990). The effects of health status on beta
power have not been addressed, but augmented beta power
has been seen during cognitive tasks including states of fo-
cused arousal (Sheer 1975, 1976, 1984) and performance
on problem-solving tasks (Loring et al. 1985; Spydell and
Sheer 1982). Retained beta activity may be an indicator in
the elderly of preserved cognitive function.

Investigators have reported consistent changes in
long-latency ERPs with aging. During development, the
P300 decreases in latency until approximately the second
decade. Using auditory stimuli, Goodin and colleagues
(1978a) were the first to describe increased P300 latency in
the elderly. Since then, similar observations have been by
made by others using AEPs, VEPs, and SSEPs (Beck et al.
1980; Brown et al. 1983; Pfefferbaum et al. 1984a; Picton et
al. 1984, 1986; Syndulko et al. 1982). It now is widely ac-
cepted that P300 latency increases between 0.9 and 1.8
msec/year (Hillyard and Picton 1987; Polich 1991); this in-
crease is believed to occur independently of any change in
motor reaction time. Some investigators have found that
the relationship between P300 latency and age is best
described by a linear function (Pfefferbaum et al. 1984a;
Picton et al. 1984; Polich et al. 1985; Squires et al. 1980;
Syndulko et al. 1982), whereas others (Brown et al. 1983;
Mullis et al. 1985) report a curvilinear relationship with
greater annual latency increases for elderly subjects. Some
have described increasing frontal distribution of the P300
(Pfefferbaum et al. 1984a; Smith et al. 1980). Others have
been unable to replicate this finding (Maurer et al. 1988;
Pictonetal.1984)with increasingage(Figure12–2,panelA).

Detection of dementia. It is generally agreed that
QEEG is useful for detecting the presence of a dementing
illness (Duffy et al. 1984b; Nuwer 1997; Prichep et al.
1994). Few studies, however, have systematically com-
pared conventional EEG interpretation with QEEG for
the detection of dementing illness. Brenner and colleagues
(1998) compared 35 patients with clinically diagnosed de-
mentia of the Alzheimer type (DAT), 23 with major depres-
sive episodes, and 61 psychiatrically healthy control sub-
jects. They found that QEEG offered “modest gains” in
sensitivity over conventional EEG for the detection of
moderate dementia (an increase from 57% to 66%), with

essentially equal specificity (95% and 93%, respectively).
This improved sensitivity using QEEG methods was
found despite collecting data from only four pooled QEEG
channels from the parasagittal regions and relying upon
mean frequency as the sole parameter studied. Further-
more, the fact that minutes of QEEG data could achieve
greater sensitivity than conventional EEG, with equal
specificity and using less physician time for test interpreta-
tion, suggests an advantage of QEEG over conventional
EEG for routine evaluations.

Most studies use several types of QEEG measures (ab-
solute power, relative power, spectral ratios) and linear
combinations of these to discriminate subjects with de-
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FIGURE 12–2. P300 (P3) latencies from the rare-tone
evoked potential waveforms as a function of age for individual
psychiatrically healthy subjects (panel A); individual patients
with dementia (panel B); and individual psychiatric patients
without dementia (panel C). Also shown are regression lines 1
and 2 SD from the mean, derived from the data for psychiatri-
cally healthy subjects.
Source. Adapted from Squires et al. 1980.



mentia from those without dementia. These measures are
complementary: they are additive in detection of abnor-
mality and yield different regional information regarding
the distribution of the abnormalities (Leuchter et al.
1993b). A number of studies have shown increased delta
and theta power and decreased alpha and beta power, as
well as decreased mean frequency in dementia (Brenner et
al. 1986; Breslau et al. 1989; Coben et al. 1985; Giaquinto
and Nolfe 1986; Pentillä et al. 1985; Stigsby et al. 1981;
Visser et al. 1985; Vitiello and Prinz 1987). Such brain elec-
trical changes are seen usually in a generalized distribution,
though recent work suggests that, in DAT, increases in
cortical slow-wave activity and decreases in high-
frequency activity appear most prominent in the temporo-
parietal region (Albert et al. 1990; Buchan et al. 1997;
Duffy et al. 1995; Holschneider and Leuchter 1995; Kwa et
al. 1993; Pozzi et al. 1996; Saletu et al. 1991; Schreiter-
Gasser et al. 1993).

In comparing patients with early- and late-onset DAT,
Duffy and colleagues (1984b) found that increases in theta
and/or delta activity and decreases in beta activity were
maximal in temporal regions in subjects with early-onset
DAT and in the frontal regions in subjects with late-onset
DAT. Retrospective subject classification by discriminant
function analysis using a combination of evoked response
and electroencephalographic features correctly discrimi-
nated 95.8% of patients with early-onset DAT and 90% of
patients with late-onset DAT from their respective control
subjects. Leuchter and colleagues (1987) found large dif-
ferences among subjects with DAT, those with vascular de-
mentia (VaD), and control subjects in spectral ratios, which
combine high-frequency and low-frequency power in a
single measure. Using spectral ratios, as well as coherence
variables, these researchers accurately classified more than
90% of subjects into their correct diagnostic group.

Most studies suggest that a positive linear relationship
exists between the degree of cognitive impairment in de-
mentia and increases in slow-wave power and decreases in
high-frequency power (Brenner et al. 1986; Erkinjuntti et
al. 1988; Holschneider and Leuchter 1995; Hughes et al.
1989; Johannesson et al. 1979; Rae-Grant et al. 1987;
Soininen et al. 1982). It has been considerably uncertain,
however, how early in the course of dementia QEEG may
be useful for detecting disease. The answer to this question
depends, to a great extent, on which measures are assessed.
Gordon and Sim (Gordon 1968; Gordon and Sim 1967) re-
ported that changes in alpha power preceded increased
slow-wave power as a manifestation of disease, whereas
others have reported that either increases in theta power or
decreases in beta power were the earliest changes (Berg et
al. 1984; Coben et al. 1983a; Jelic et al. 1996; Prichep et al.

1994). Sensitivities ranging from 20% to 36% and
specificities ranging from 93% to 100% have been re-
ported by others using a combination of EEG measures in
varying scalp locations (Brenner et al. 1998; John et al.
1988; Prichep et al. 1994). The highest sensitivity (24%)
and specificity (100%) for any single QEEG variable have
been reported with percentage theta (Coben et al. 1990).
Recently, Jelic and colleagues reported in subjects with
AD, with average MMSE scores of 21, that when
temporoparietal coherence appears as a discriminant vari-
able together with alpha and theta relative power, sensitiv-
ity increases to 78%, while retaining a specificity of 100%
(Jelic et al. 1996).

QEEG appears to be of greater use for distinguishing
depression from dementia than is conventional EEG.
Pollock and Schneider (1990) reviewed studies performed
over the preceding decade and found that more than half
found increases in both alpha and beta power in depression;
these investigators themselves (Pollock and Schneider
1989) found that increased alpha activity persisted after re-
covery from depression. Other specific QEEG findings in
depression have included right temporal slowing, in-
creased frontal beta (Schatzberg et al. 1986), and increased
left frontal alpha power (Davidson 1988). The increased
delta (Brenner et al. 1986; John et al. 1988; Visser et al.
1985) and decreased beta power in dementia (Brenner et al.
1986; Visser et al. 1985) appear particularly helpful in sepa-
rating those with dementia from those with depression
alone. Because no single feature appears to be robust for
the diagnosis of depression, several investigators have used
a multivariate statistical approach to the diagnosis of de-
pression (John et al. 1977, 1988; Shagass et al. 1984) and
have reported overall accuracy in classification of
60%–90%. The stability of these multivariate methods for
diagnosis remains to be verified.

An abnormal EEG may identify a subgroup of de-
pressed patients with structural brain disease. These struc-
tural changes (as defined by hyperintensity on
T2-weighted magnetic resonance imaging [MRI] scans)
have been associated both with late-life depression
(Leuchter et al. 1997) and EEG abnormalities (Oken and
Kaye 1992). The high prevalence of these changes is of
clinical significance because elderly subjects with abnor-
mal EEGs show functional decline regardless of their diag-
nostic group (Leuchter et al. 1994d, 1994e). In some in-
stances, these abnormalities may portend the development
of a dementing illness (Liston 1979). Although an abnor-
mal EEG in subjects with depression is not specific for de-
mentia, it does identify the patients at greatest risk for func-
tional decline and therefore is a useful part of the evaluation
for dementia.
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QEEG is an excellent tool for monitoring the effect of
manipulations of the cholinergic system and thus may be a
useful adjunct in monitoring response to cholinomimetic
treatment in patients with dementia. Administration of
cholinergic antagonists increases slow-wave power and de-
creases high-frequency power, whereas cholinergic
agonists result in a reversal of this phenomenon (Vander-
wolf 1992). The topography of such brain electrical
changes has in animal models been shown to directly corre-
late with regional cortical changes of choline acetyl-
transferase (Holschneider et al. 1997a; Ray and Jackson
1991). Serial brain mapping studies in subjects with DAT
who have been administered the cholinergic agonist
bethanechol have demonstrated a dose-dependent de-
crease in slow-wave power (Leuchter et al. 1991). De-
creases in slow-wave power and increases in high-
frequency power have been shown also after the adminis-
tration of the acetylcholinesterase inhibitor tetrahydro-
aminoacridine (tacrine) (Minthon et al. 1993; Perryman
and Fitten 1991; Riekkinen et al. 1991; Shigeta et al. 1993),
the acetylcholine-releasing agent DuP 996 (Saletu et al.
1989), as well as nerve growth factor (NGF), a cholinergic
neurotrophin (Holschneider et al. 1997a; Olson et al.
1992). Though QEEG appears sensitive in monitoring re-
sponse to cognitive enhancers, changes in brain electrical
activity may not be specific for alterations of cholinergic
function. Decreases in slow-wave power and increases in
high-frequency power have been reported also after the use
of estrogen (Ohkura et al. 1994) and ergoloid mesylates
(Hydergine) (Matejcek et al. 1979; Saletu et al. 1990). A
greater understanding of neurochemical correlates of indi-
vidual QEEG parameters is needed.

Several investigators have attempted to use
short-latency ERPs for the diagnosis of dementia (Coben
et al. 1983b; Harkins 1981; Visser et al. 1976). Prolonged
flash VEP latency and increased amplitude (Coben et al.
1983b; Visser et al. 1976; Wright et al. 1984), as well as
some changes in brainstem AEPs (Harkins 1981) and
SSEPs (Huisman et al. 1985), have been reported in pa-
tients with dementia. However, the differences in the exog-
enous potentials between subjects with dementia and psy-
chiatrically healthy control subjects are too small or
inconsistent to permit definitive classification.

Most of the research on the late components of ERPs
in dementia has focused on the P300 peak. It has been es-
tablished that the P300 latency is prolonged in dementia in
excess of that seen during normal aging. Goodin and
co-workers (1978b) first reported an abnormally large in-
rease in the P300 latency in a group of patients with de -
mentia of different etiologies; they also noted that the in-
crease in latency correlated with severity of dementia as

assessed by the MMSE. Although these findings have been
confirmed by several laboratories, prevalence of reported
“abnormal” latency varies from 13% to 83%, with most
studies reporting that 70%–80% of patients with dementia
have prolonged P300 latency (Brown et al. 1982, 1983;
Gordon et al. 1986; Patterson et al. 1988; Squires et al.
1980; Syndulko et al. 1982) (Figure 12–2, panel B).

The usefulness of the P300 latency alone is limited for
several reasons. First, there is the wide variability in the
prevalence of the abnormality. Pfefferbaum and colleagues
(1984a, 1984b) used both auditory and visual ERP para-
digms to compare 77 subjects with dementia of different
etiologies (MMSE < 25) with 66 normal control subjects.
They reported that fewer than 30% of the patients with de-
mentia had P300 latencies that were at least 2 SDs greater
than that expected for age. Although this low specificity re-
flects in part the particular paradigm used to elicit the P300
component, as well as the variability in normal P300 la-
tency in the control subjects, the increases in P300 latency
in mild dementia have been reported to be too small to be
clinically useful (Leppler and Greenberg 1984; Polich et al.
1986; Syndulko et al. 1984).

Second, the P300 latency has been shown to be pro-
longed in other conditions and has been reported in up to
12% of patients with depression and 13% of patients with
schizophrenia (Gordon et al. 1986; O’Donnell et al. 1995).
Furthermore, an increased P300 latency is seen with de-
mentia in a variety of conditions such as alcohol abuse,
Huntington’s disease, Parkinson’s disease, Down’s syn-
drome, scopolamine-induced “dementia,” and geriatric
depression (Calloway et al. 1985; Hansch et al. 1982;
Kalayam et al. 1998; Lukas et al. 1990; Pfefferbaum et al.
1979; Rosenberg et al. 1985; St. Clair and Blackwood
1985). Patients with DAT cannot be distinguished from
patients with other dementias on the basis of P300 ampli-
tude or latency (Brown et al. 1982; Polich et al. 1986).

P300 latency measures are useful in certain clinical sit-
uations and as a component of a broader neurophysio-
logical evaluation. Measurement of P300 latency can be
useful as a component of an overall evaluation when there is
a specific diagnostic question of dementia versus depres-
sion or delirium (Goodin 1990; Pfefferbaum et al. 1990),
although it probably is of little use for specifying the type of
dementia (Pfefferbaum et al. 1990). In combination with
measures of power and/or coherence, this ERP measure
can add greater sensitivity to the QEEG evaluation of
dementia.

Diagnosis and assessment of delirium. QEEG
offers substantial advantages over conventional EEG in the
examination of subjects with delirium. Although Engel and
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Romano (G. Engel and Romano 1959; Romano and Engel
1944) demonstrated that EEG slowing is almost invariably
present in delirium, and grossly excessive slowing suggests
the presence of delirium instead of, or in addition to, de-
mentia (Brenner 1991; Rabins and Folstein 1982), it is
difficult to determine the severity of slowing by visual in-
spection.

Examination of subjects with delirium indicates that
QEEG can be used to successfully quantitate the magni-
tude of slow-wave power. QEEG detects significant
changes in the amount of slow-wave power in the course of
a delirium when the conventional EEG shows equivocal
change, and decreases in slow-wave power may actually
precede improvements in mental status (Leuchter and Ja-
cobson 1991). QEEG indices are strongly correlated with
not only the severity of delirium but also the length of delir-
ium and hospitalization (Koponen 1991; Koponen et al.
1989).

Although it has been suggested that the severity of
slowing may differ between subjects with delirium and
those with dementia, studies indicate that it may be practi-
cal to differentiate these two groups based upon QEEG.
Koponen and colleagues (1989) found that subjects with
delirium with concomitant dementia had more severe
slowing than those without dementia. Jacobson and col-
leagues (1993a) reported that several QEEG indices were
useful for distinguishing delirium from dementia. Fol-
low-up work from this group indicates that distinct QEEG
measures of absolute and relative power indices are sensi-
tive to the progression of dementia or the development of
delirium, suggesting that QEEG may be particularly help-
ful for identifying the onset of delirium as a complication of
dementia (Jacobson et al. 1993b).

ERPs also have been used in the assessment of delir-
ium, primarily in patients with hepatic or renal
encephalopathy (some of whom are elderly). Some investi-
gators have reported abnormal latencies of brainstem audi-
tory evoked potentials (Chu and Yang 1987; Pierelli et al.
1985; Rossini et al. 1984), whereas others have not
(Trzepacz et al. 1989; Yang et al. 1986). More consistent re-
sults have been obtained with VEPs (Casellas et al. 1985;
Kuba et al. 1983; Levy and Bolton 1986; Levy et al. 1990;
Pierelli et al. 1985; Rossini et al. 1981; Zeneroli et al. 1984)
and SSEPs, in which changes in latency correlate with se-
verity of encephalopathy (Trzepacz et al. 1989; Yen and
Liaw 1990).

In hepatic encephalopathy, changes occur in both VEP
and SSEP latency during progressive stages of encephalo-
pathy (Davies et al. 1991). In a review of the clinical useful-
ness of QEEG methods, including spectral analysis, EEG,
SSEPs, brainstem auditory evoked potentials, VEPs, and

P300, van der Rijt and Schalm (1992) found that the high-
est percentage of abnormalities in patients with subclinical
hepatic encephalopathy was detected by flash VEPs
(25%–46%, 95% confidence interval). The auditory and
pattern-reversal P300 shows an increase in latency and may
be used for the detection of milder disease, although its ap-
plications are limited because it requires more patient par-
ticipation than short-latency ERPs (Sandford and Saul
1988).

Little work has been done using ERP topographic
mapping in hepatic encephalopathy. This area holds con-
siderable promise for the future. Researchers led by Matos
and Paiva (Matos et al. 1988; Paiva et al. 1988) have re-
ported that 73%–75% of patients with liver disease with-
out clinical signs of encephalopathy show abnormal VEP
topographic maps.

Limitations of Quantitative
Electroencephalography

Quantitation of the power in different frequency bands has
been touted as more “objective” and as minimizing vari-
ability in interpretation. It is true that QEEG yields more
reliable and reproducible measurements of brain activity
and is more likely to detect subtle focal or generalized alter-
ations in brain function (Jerrett and Corsak 1988; Nuwer et
al. 1987). Quantitation alone does not, however, indicate
whether activity is normal or abnormal; traditionally, these
determinations are made based upon statistical compari-
son of data from an individual to a normal base value and
determination of whether the individual is beyond the
“cutoff” for normality. Thus, QEEG does not eliminate
the confounding problem that slowing increases both with
age and emergence of organic brain disease. It does, how-
ever, allow the clinician to be more precise in measuring the
amount of slowing and determining whether this appears
to be excessive for the patient’s age. The most common
method for establishing base values is building a normative
database by collecting data from individuals who are in good
health and not receiving any medications that might influ-
ence brain electrical activity. Stratification of normative
data by age and gender may be additionally helpful in de-
termining whether changes in an individual’s record are in-
dicative of abnormality. Commonly, when the amount of
slow-wave power at a given site is 2 SDs from the mean of a
group of psychiatrically healthy subjects, this is interpreted
as abnormal.

This statistical database approach can be useful for the
interpretation of an individual’s data but has significant
limitations. First, it is not clear how much deviation from a
group of age-matched psychiatrically healthy control sub-
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jects is acceptable for any given EEG measure. Some pat-
terns of brain activity are very different from the patterns
seen on most EEGs, and would be 2 SDs from a normal
mean, but are a recognized normal variant (such as the
low-voltage fast recording without any posterior dominant
rhythm). Second, there are instances in which a persistent
focal increase in slow-wave power is significant and indica-
tive of abnormality but may be less than 2 SDs from the
mean for that subject’s age group. Such a focal increase can
be especially significant if it is progressive over time. Third,
a small but consistent deviation at many or all recording
sites could be highly significant clinically and indicative of
brain dysfunction, even if less than 2 SDs. Finally, a highly
significant difference (i.e., 4 SDs) at a single recording site
may need to be interpreted with caution because with mul-
tiple tests at multiple recording sites in multiple frequency
bands, false-positive results can occur.

Several different approaches can be used to increase
confidence in the comparisons between a patient’s data and
a normative database. Some researchers have proposed
looking at multiple independent segments of data from
within a recording session (Duffy et al. 1990, 1992). An-
other alternative is to examine a subject by using multiple
modalities, such as resting EEG and evoked potentials. If a
brain area appears abnormal in multiple independent sam-
ples of data, obtained under different recording paradigms,
this could increase confidence that a finding is valid (Duffy
1998). Of course, if the abnormality is not detected on all
occasions or under all conditions, this does not necessarily
mean that it is not “real”; it simply may be episodic or
state-dependent.

An alternative to the normative database model is to
compare a given individual to his or her own baseline.
When the first recording is performed in the premorbid
condition, this may be the ideal method for assessment of
brain electrical activity. Both the absolute intensity of
power in any given frequency band, as well as the propor-
tional distribution of power across frequency bands, may
be examined and a determination made if there has been a
change from the individual’s baseline. This method is par-
ticularly applicable to the study of patients with delirium,
in whom multiple studies over a short period of time may be
indicated, or for the long-term follow-up of patients with
dementia. Unfortunately, normal baseline studies rarely
are available, so this method is of little help in interpreting
the initial study of a patient with possible dementia or delir-
ium. Furthermore, significant fluctuations can occur in pa-
tients’ brain electrical activity with changes in state, so that
it still is difficult to determine if subtle changes are indica-
tive of abnormality or are within the normal range.

At present, QEEG is considered an adjunct to conven-

tional EEG in the study of psychiatric illnesses (American
Psychiatric Association Task Force on Quantitative
Electrophysiological Assessment 1991). This is under-
standable because, in some clinical situations, conven-
tional EEG offers some advantages over QEEG. Very fast
transient EEG activity lasting only milliseconds is not eas-
ily detected through quantitative analysis because it ac-
counts for a very low proportion of the total power in a re-
cording epoch. Therefore, an area of focal damage that is
producing transient disturbances, such as rare epileptiform
spikes, will not be detected by spectral analysis unless it also
is producing a disproportionate amount of slow- or
fast-wave power. Computer programs are currently avail-
able to scan QEEG data for the presence of epileptiform
spikes or other specific abnormalities, but these are not yet
widely accepted.

QEEG is sensitive to the proportion of energy in any
given frequency band but is much less sensitive to specific
wave morphology; in other words, it is less sophisticated at
pattern recognition. Therefore, rhythmic triphasic waves
would not be readily distinguished from frontally predom-
inant intermittent rhythmic delta activity (FIRDA) or from
continuous polymorphic delta activity in the frontal re-
gion. Although pattern recognition might lead the electro-
encephalographer to suspect either a particular metabolic
encephalopathy or focal structural lesion with one or the
other of these patterns, the frequency spectra might look
remarkably similar.

The unique advantages of visual pattern interpretation
indicate that there always will be a role for conventional
electroencephalography, although as artificial intelligence
algorithms for pattern recognition develop, conventional
EEG may evolve into “computer-assisted EEG.”

New Methods for Interpreting
Quantitative Electroencephalography

Neurophysiology of
Electroencephalography Abnormalities

Ample evidence from studies of both animals and humans
indicates that pathological slow waves in the EEG are
caused by partial deafferentation of pyramidal cells of the
cerebral cortex (Steriade et al. 1990). Complete destruc-
tion of cortex does not cause excessive slowing but instead
leads to electrical silence; only through partial deafferenta-
tion of the cortex or nonlethal damage to cortical neurons
do pathological slow waves develop (Gloor et al. 1977)
(Figure 12–3). One of the strengths of QEEG is its ability
to monitor the activity and integrity of afferent and effer-
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ent fibers that are responsible for integrating electrical ac-
tivity of different brain areas. Deafferentation can be the
result of primary neuronal disease or of a brain insult (such
as a stroke) secondarily affecting nerve function.
Deafferentation can occur at any level: direct damage to
the cortex, undercutting of the cortex by white matter le-
sions, and damage to the cortically projecting basal
forebrain neurons all can cause an increase in cortically re-
corded slow waves. Research suggests that deafferentation
can be structural or functional (such as through reversible
toxic damage) (Steriade et al. 1990). This finding explains
the similar patterns of increased slowing resulting from ei-
ther DAT or administration of atropine: the former pro-
cess causes loss of the origins of cortically projecting
cholinergic afferents from the basal forebrain, whereas the
latter inhibits firing of the cortically projecting afferent
cells (Buzsaki et al. 1988; Detari and Vanderwolf 1987;
Schaul et al. 1981; Steriade et al. 1990). The mechanism of
slow waves that accompany metabolic derangements such
as hypoxia, hypoglycemia, or other toxic states has not been
established, but these also may represent dysfunction of
cells projecting to the cortex or of the cortical pyramidal
cells themselves.

Detection of deafferented cortex: the cordance
method. A specific measure of cortical deafferentation
could be useful clinically. Such a measure could potentially
indicate which slow waves were pathological and even in
the absence of grossly excessive slowing suggest that
pathology exists. Based on the knowledge that sur-
face-recorded EEG should be sensitive to cortical
deafferentation, we studied subjects with large white mat-
ter lesions that presumably undercut and partially
deafferented cerebral cortex (Leuchter et al. 1994a,
1994b). These areas appeared to be hypoperfused on
SPECT scanning and hypometabolic on PET, findings
consistent with deafferentation. Such areas showed a char-
acteristic QEEG pattern: although the deafferented cortex
produced less slow-wave power on an absolute basis than
did other cortical areas, it produced greater slow-wave
power on a relative basis compared with that of other brain
areas.

This finding of decreased absolute but increased rela-
tive slow-wave power over white matter lesions was termed
discordance. Though not all white matter lesions were suffi-
cient to cause discordance, the presence of discordance was
associated reliably with areas that were found to be
hypoperfused as a result of stroke or the presence of brain
degeneration (i.e., DAT). The opposite indicator state,
called concordance, was associated reliably with states of high
perfusion and appears to be an indicator of cortex that is

functioning normally. For example, in patients with DAT,
discordance is seen over the parietal regions and other ar-
eas that are hypometabolic on PET (Figure 12–4). These
areas are known to be deafferented by the degenerative
processes of DAT, in which the pyramidal cells of laminae
II and III that project corticocortical afferents die selec-
tively (Morrison et al. 1986). Concordance is seen over the
central brain areas, particularly the area of the motor strip,
which is known to be relatively spared by the neuropatho-
logical changes of DAT.

The concordance and discordance indicators (known
jointly as cordance) show promise for detecting pathological
changes, even in cognitively intact subjects. We recently
examined cordance in six psychiatrically healthy subjects
who underwent simultaneous H2

15O PET scanning and
cordance studies, both in the resting state and while they
performed motor tasks. A moderately strong association
was found among their levels of perfusion, and PET and
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FIGURE 12–3. Schematic representation of the layers of
the cerebral cortex (showing association cortex; from
Cummings and Coffey, in this volume). Partial deafferentation
of the large pyramidal cells in layers II and III is the cause of
pathological slow waves in the electroencephalogram.
Source. Reprinted with permission from Carpenter MB: Core
Text of Neuroanatomy, 4th Edition. Philadelphia, PA, Williams
& Wilkins, 1991, p 391.



cordance were equally effective detecting the lateralized
activation that accompanied motor tasks (Leuchter et al.
1999). This suggests that cordance is sensitive to even
modest changes in perfusion and can be used to monitor
brain function in subjects with relatively normal brain
function.

We recently have applied cordance to the study of sub-
jects with depression and have found that cordance is sensi-
tive both to the brain dysfunction of depression and to the
effects of antidepressant medication. Cook and colleagues
(1998) studied 27 subjects with late-life depression and
found that those with depression showed significantly
more discordance than did psychiatrically healthy subjects.
Interestingly, subjects who were undergoing treatment
with antidepressant medication had further decreases in
cordance in the prefrontal region. This finding is consis-
tent with the work of Drevets and Raichle (1992), Sackeim
(Sackeim and Prohovnik 1993; Sackeim et al. 1990), and
others, showing that antidepressant treatment leads to fur-
ther decreases in cerebral perfusion, particularly in the
frontal regions.

We recently studied prospectively over 8 weeks 24
subjects with current unipolar major depression who were
receiving fluoxetine (Cook et al. 1999; Leuchter et al.
1997). In this double-blind study, subjects demonstrating
concordance prior to treatment has a more robust response
to the antidepressant than did subjects with a pretreament
discordant pattern. This suggests that cordance may be
useful in predicting treatment response to fluoxetine. An
example of these changes is shown in Figure 12–5. This
subject, who underwent treatment with venlefaxine,
showed a significant, sustained bilateral reduction in fron-
tal cordance during antidepressant treatment (Figure
12–5, panels B and C).

This decrease appears to be specific for a stable and
lasting antidepressant response. A subject with depression
(Figure 12–6) showed a decrease in frontal cordance in re-
sponse to the first antidepressant she received, but this de-
crease was only mild and asymmetrical (Figure 12–6, panel
B). Within a few months, the patient suffered a relapse of
her symptoms and, despite an increase in dose, there was no
remission (Figure 12–6, panel C). The patient was changed
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FIGURE 12–4. Brain scans of an 88-year-old man with progressive confusion, memory loss, social withdrawal, and agitation,
who was diagnosed with dementia of the Alzheimer type (DAT). His positron emission tomography (PET) scan showed biparietal
hypometabolism as well as focal left temporal hypometabolism (panel A). The cordance map shows three prominent areas of dis-
cordance, at the right and left parietal and left temporal electrodes, that have a strong spatial association with the three areas of
hypometabolism (panel B). Significant alpha concordance is seen over the frontocentral region bilaterally, in the general area of
the motor strip; this area commonly has the highest metabolism in subjects with DAT. PET scan shows the brain as viewed from
below, whereas cordance map shows it viewed from above (i.e., right and left are reversed in the two pictures).



to a second antidepressant, but without response (Figure
12–6, panel D). Finally, she was changed to a third antide-
pressant to which she had a robust and lasting response.
Only at this time did the patient show a marked, bilateral
reduction in frontal cordance, which is indicative of suc-
cessful antidepressant treatment (Figure 12–6, panel E).

Cordance may have wide applicability for the assess-
ment and treatment of mental disorders. Additional studies
of subjects undergoing treatment for depression, AD, and
other conditions will help to determine if this technique
could be used to guide treatment.

Disconnection between brain areas: the role
of coherence. Another example of the usefulness of
the deafferentation model of QEEG lies in the ability of
this model to detect damage to afferent and efferent fibers
linking two brain regions. As discussed above, coherence is
a measure of synchronization of brain electrical activity be-
tween regions. Coherence appears to be a reliable measure
of the functional connections between brain areas, moni-
toring interactions between cortical areas while subjects
are at rest or engaged in a relevant cognitive task (Busk and
Galbraith 1975; Davis and Wada 1974; O’Connor and
Shaw 1978; Shaw et al. 1977, 1978; Tucker et al. 1986). In
subjects with dementia, coherence measures have been
shown to correlate with measures of cognitive function
(Dunkin et al. 1995; Jelic et al. 1996), as well as functional
outcome (Leuchter et al. 1994d, 1994e), consistent with
the notion that the extent of neuronal deafferentation de-
termines the severity of a dementia.

Deafferentation as measured through QEEG coher-
ence has proved useful in detecting differences between
subjects with DAT and those with VaD. In the past, differ-
ential diagnosis between these disorders using conven-
tional EEG has relied upon detection of focal abnormali-
ties, which reportedly are more common among subjects
with VaD. This finding is not sufficiently prevalent, how-
ever, to be of diagnostic usefulness (Dejaiffe et al. 1964;
Harrison et al. 1979; Logar et al. 1987; Roberts et al. 1978).
Likewise, although measures of brain electrical power or
spectral ratios have proved useful at differentiating be-
tween DAT and VaD in the research setting (Leuchter et al.
1993b; Logar et al. 1987), such measures have not been suf-
ficiently robust to be used clinically.

Electrographic coherence has been used with greater
success to distinguish patients with DAT from those with
VaD. It has been helpful in understanding differences in
the specific types of disconnections that characterize these
neurodegenerative disorders. DAT and VaD have been hy-
pothesized, on the basis of neuropathological data, to effect
different types of brain connections: DAT causes selective
disconnection of long corticocortical fibers, whereas VaD
causes more diffuse disconnection of corticosubcortical
white matter networks. Leuchter and colleagues (1992), as
well as others (O’Connor et al. 1979), have shown that co-
herence detects these different types of disconnection and
may be used to successfully distinguish high proportions of
subjects with DAT or VaD (Figures 12–7 and 12–8).

Morrison and colleagues (Hof et al. 1990; Morrison et
al. 1991) have highlighted the heterogeneity in types of dis-
connection among patients with DAT and have found that
those with greater visuospatial difficulty (Balint’s syn-
drome) show greater neuropathological disruption of the
visual association pathways. The strong associations be-
tween performance on neuropsychological tests and co-
herence in relevant brain regions (particularly visuospatial
function and visual system coherence) (Dunkin et al. 1995)
suggest that coherence may be useful for characterizing the
distribution of pathology among patients with dementia.

Given the ubiquitous nature of white matter disease in
geriatric patients with depression or dementia or those
without illness, the concept of disconnection may have ap-
plications for the study of other groups of elderly subjects.
An area that is particularly vulnerable to white matter
changes is the periventricular region (Bowen et al. 1990),
where high-signal lesions may be seen in 60%–100% of
asymptomatic control subjects (Leuchter et al. 1994c).
These periventricular fibers are critical components of the
networks that subserve higher cortical functions, contain-
ing the projections of the prefrontal cortical neurons and
the visual association pathways. Leuchter and colleagues
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FIGURE 12–5. A series of cordance maps from a
32-year-old woman, recorded during the first week of
venlafaxine treatment. Panel A shows the baseline image. Sub-
ject started to show resolution of depressed cordance pattern
as early as 2 days after medication was started (panel B), before
clinical symptoms improved. The cordance continued to de-
crease over the next week as depression scores (panel C) de-
creased. BDI = Beck Depression Inventory (Beck 1978);
HAMD = Hamilton Rating Scale for Depression (Hamilton
1960).



(1994c) have shown that there is an association between the
presence of periventricular damage seen on MRI and de-
creased coherence in the frontal and visual networks of
connections. The association between these two measures
is stronger than the association between white matter dis-
ease and clinical diagnosis, suggesting that the degree and
type of disconnection may be a useful model for categoriz-
ing cognitive impairment among elderly subjects, even
those who do not meet all criteria for dementia.

Recent work suggests that the cholinergic system is an
important determinant of the synchronization of brain
electrical activity. Indirect cholinergic agonists such as
physostigmine or eserine enhance the synchronization in
specific frequency bands, whereas antagonists such as atro-
pine diminish it (Dickson et al. 1994; Leung et al. 1994).
Animal studies have shown that electrocortical coherence
decreases after deafferentation of cholinergic fiber tracts
projecting from the basal forebrain (Holschneider et al.
1998, 1999). Losses in coherence are restored, in part, by
the administration of NGF, a cholinergic neurotrophin.
Increases in coherence associated with NGF are largely
seen for coherences within a hemisphere, but not between
hemispheres. Such observations are consistent with find-
ings that cholinergic projections from the basal forebrain
to the cortex remain largely ipsilateral, whereas virtually all

fibers connecting the hemispheres through the corpus cal-
losum or hippocampal commissures are noncholinergic,
employing glutamate, aspartate, or γ-aminobutyric acid as
their transmitters (Conti and Manzoni 1994). Studies such
as these represent a first step in the elucidation of the
neurochemical correlates of brain electrical coherence.

Unmasking cortical deafferentation during
pharmacological activation. As described above,
generalized reductions of beta frequencies have been con-
sistently reported in patients with dementia. Despite a high
specificity, however, the low sensitivity of beta activity ob-
tained with patients in the resting state has constrained the
clinical utility of this measure in distinguishing pathologi-
cal changes from those of normal aging (Coben et al. 1990).
Although it has not been extensively studied in subjects
with dementia, it appears that pharmacological activation
of the brain may unmask the inability of diseased neurons
to mount an adequate electrophysiological response. In the
brain of a psychiatrically healthy human, prenarcotic dos-
ages of barbiturates produce an abrupt onset of fast activity
(20–28 Hz) (Bickford 1953; Brazier and Finesinger 1945;
Kiersey et al. 1951; Pampiglione 1952). As early as 1950,
Alema and Sinisi (1950) and later Pampiglione (1952)
found that these barbiturate-induced rhythms were re-
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FIGURE 12–6. A series of cordance maps from a subject undergoing treatment for depression. At baseline (panel A), the sub-
ject had low cordance over the frontal regions and the right temporal region. Although symptoms resolved after treatment with
paroxetine (panel B), the frontal cordance did not decrease further, and the temporal cordance did not increase. The subject re-
lapsed, and an increased dose of paroxetine did not resolve the depression (panel C). Fluoxetine in a dosage up to 40 mg also was
ineffective (panel D). Finally, the subject was treated with venlafaxine, which led to a complete remission of symptoms. The
cordance map showed a large bilateral decrease in frontal cordance and a bilateral increase in temporal cordance, consistent with
effective treatment (panel E). GDS = Yesavage Geriatric Depression Scale (Yesavage 1998); HAMD = Hamilton Rating Scale for
Depression (Hamilton 1960).
Source. Reprinted with permission from Leuchter AF, Cook IA, Vijtdehaage SHU, et al: “Brain Structure and Function and the
Outcomes of Treatment for Depression.” Journal of Clinical Psychiatry 58:22–31, 1997.



duced over areas of damage and aided in localizing lesions.
Using QEEG, our laboratory has examined high-
frequency power in patients with DAT, those with VaD,
and psychiatrically healthy elderly control subjects after an
intravenous bolus of thiopental. Compared with both con-
trol subjects and patients with VaD, subjects with DAT
showed a marked loss of high-frequency power elicited
across the cortex, with largest differences noted in the fron-
tal region (Holschneider et al. 1997b) (Figure 12–9). Barbi-
turate challenge revealed differences in high-frequency ac-
tivity not seen at baseline between subjects with DAT and
those with VaD. Such an attenuation in the brain electrical
response can be seen even in the early stages of DAT (aver-
age MMSE 26) (Holschneider and Leuchter, in press).

The etiology of a decrease in the barbiturate-induced
high-frequency response is not clearly understood. Depth

recordings of the EEG during light pentothal anesthesia
suggest that the generators of fast waves are cortical in loca-
tion (unlike the activity recorded at deeper anesthetic lev-
els) (Brazier et al. 1956; J. J. Engel et al. 1982). Histo-
pathological studies in subjects with DAT strongly suggest
a selective loss of large pyramidal cells whose axons form
corticocortical connections between higher order associa-
tion areas. This deafferentation, which has been described
as a neocortical disconnection syndrome (Leuchter et al.
1992; Morrison et al. 1990), may play a role in the de-
creased beta activity seen in DAT. By comparison, in sub-
jects with VaD, the thiopental response is less affected, per-
haps because this dementia is characterized by greater
deep–white matter ischemic disease and subcortical dys-
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FIGURE 12–7. Frequency spectrum of coherence mediated
by long corticocortical connections (called FASCICLE-PA
measure because it is similar to the distribution of fibers of the
superior longitudinal fasciculus). Coherence is displayed for
the subjects with dementia of the Alzheimer type (DAT) and
subjects with multiinfarct dementia (MID) as a proportion of
the mean value for the control (CON) group. Mean value for
the control group is standardized to 1 in each frequency band
and indicated by the dotted line across the middle of the figure.
Frequency bands are displayed across the bottom of the fig-
ure, with numbers representing the center frequency of each
band (e.g., 4 represents the 2- to 6-Hz band, 8 represents the
6- to 10-Hz band).
*Difference between subjects with DAT and control subjects,
P < .05.
**Difference between subjects with DAT and control subjects,
P < .01.
***Difference between subjects with DAT and control sub-
jects, P < .005.
Source. Reprinted with permission from Leuchter AF, New-
ton TF, Cook IA, et al.: “Changes in Brain Functional
Connectivity in Alzheimer-Type and Multi-Infarct Demen-
tia.” Brain 115:1543–1561, 1992. Copyright 1992 by Oxford
University Press.

FIGURE 12–8. Frequency spectrum of coherence medi-
ated by networks of short corticocortical and
corticosubcortical connections (called VISUAL measure be-
cause it is similar to the projectors of the visual pathway). Co-
herence is displayed for the subjects with dementia of the
Alzheimer type (DAT) and those with multiinfarct dementia
(MID) groups as a proportion of the mean value for the con-
trol (CON) group. Mean value for the control group is stan-
dardized to 1 in each frequency band and indicated by the
dotted line across the middle of the figure. Frequency bands are
displayed across the bottom of the figure, with numbers repre-
senting the center frequency of each band (i.e., 4 represents
the 2- to 6-Hz band, 8 represents the 6- to 10-Hz band, etc.).
*Difference between subjects with DAT and MID subjects,
P < .05.
**Difference between subjects with MID and control subjects,
P < .01.
***Difference between subjects with MID and control sub-
jects, P < .005.
+Difference between subjects with DAT and control subjects.
Source. Reprinted with permission from Leuchter AF, New-
ton TF, Cook IA, et al.: “Changes in Brain Functional
Connectivity in Alzheimer-Type and Multi-Infarct Demen-
tia.” Brain 115:1543–1561, 1992. Copyright 1992 by Oxford
University Press.



function. A thiopental challenge may be well suited for the
in vivo assessment of brain function in dementias charac-
terized by prominent cortical pathology.

Deafferentation in ascending pathways: the
role of evoked potentials. Another type of affer-
ent connection that can successfully be characterized with
QEEG comprises the sensory input pathways. Results sug-
gest that many of the changes observed in ERPs reflect
changes in afferent fiber function and structure. Some of
the most compelling evidence for ERPs changing in re-
sponse to afferent damage has been seen in patients with
dementia. Several researchers (Abbruzzese et al. 1984;
Kato et al. 1990) have shown a delayed central conduction
time for somatosensory evoked potentials in patients with
VaD, but not in those with DAT. This finding is consistent
with the fact that subjects with VaD have central white mat-
ter demyelination (which delays conduction of impulses),
whereas subjects with DAT do not have such demyelina-
tion.

Using the deafferentation model, investigators have
used ERPs to localize damage to brain structures.
Mauguiere and Ibanez (1990) studied a series of patients

with strokes in a variety of subcortical (either thalamus or
subcortical white matter) and cortical locations, to deter-
mine if lesion location explained losses of specific
somatosensory ERPs. These investigators found that dam-
age to specific afferent pathways (confirmed by MRI) was
associated with loss of specific ERP components and with
the particular symptoms that patients reported. These in-
vestigators concluded that alterations in specific ERP com-
ponents represented states of “hemispheric deafferenta-
tion.” This finding may have implications for studies of
sensory gating using ERPs in psychiatric patients.

Of greater direct relevance to geriatric neuro-
psychiatry are the changes in latency and amplitude of the
P300 and other long-latency ERPs that are now well estab-
lished in schizophrenia (Barrett et al. 1986; Morstyn et al.
1983). These also have been reported in children with
schizophrenia (Erwin et al. 1986) and relatives of subjects
with schizophrenia (Blackwood et al. 1991; Saitoh et al.
1984). Some evidence suggested significant P300 asymme-
try, with lower amplitude potentials specifically over the
left temporal region (McCarley et al. 1993; Morstyn et al.
1983); other investigators, however, were unable to con-
firm this asymmetry and suggested that it might represent a

300 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

FIGURE 12–9. Changes in log10 (power) (mV2, 20–28 Hz) over time in the left and right frontal regions after thiopental ad-
ministration for psychiatrically healthy elderly control subjects (CON) (solid bars), subjects with dementia of the Alzheimer type
(DAT) (open bars), and subjects with vascular dementia (VaD) (cross-hatched bars). Error bars represent 1 standard error.
* represents significant differences with respect to subjects with DAT, P < .01.
Source. Reprinted with permission from Holschneider DP, Leuchter AF, Uijtdehaage SHJ, et al.: “Loss of High Frequency EEG
Response to Thiopental in Alzheimer’s Dementia.” Neuropsychopharmacology 20:1–7, 1997. Copyright 1997 by American College
of Neuropsychopharmacology.



medication effect (Pfefferbaum et al. 1984b). Work by
McCarley et al. (1993), however, indicates that these ERP
abnormalities are associated with specific damage to the
left supertemporal gyrus and that left-sided abnormalities
are associated not only with reduced P300 amplitude over
the left hemisphere but also with positive symptoms.
McCarley and his colleagues (1991) have hypothesized
that the P300 abnormalities seen in patients with schizo-
phrenia may represent the results of neuronal excito-
toxicity on the pyramidal cells of the left hippocampus.
They propose that both psychotic symptoms and neuro-
leptic responsiveness reflect alteration in response in effer-
ent fibers from the hippocampus, once again emphasizing
the potential usefulness of the afferent fiber model of
neurophysiology.

Future of Quantitative
Electroencephalography

QEEG offers a unique contribution to the armamentarium
of imaging technologies. Several powerful imaging tech-
nologies, such as PET or SPECT, directly measure the me-
tabolism or perfusion of brain tissue; these techniques pro-
vide little or no information about damage to pathways that
bring information into the central nervous system or that
transfer information among critical brain areas. QEEG
complements these techniques by assessing fiber system
function. In some situations, QEEG using the cordance
method may be the preferred method for assessing perfu-
sion and metabolism. Because it is noninvasive, does not
expose the patient to ionizing radiation, and does not re-
quire costly equipment, cordance would be ideal for pa-
tients who require long-term, frequent, or even bedside
monitoring.

For similar reasons, QEEG has a variety of uses in the
research setting. Researchers can observe brain function to
assess drug effects, monitor the course of illness, determine
prognosis, or screen novel treatments in a cost-effective
manner. Multivariate analysis of QEEG measures, using
several sensory modalities of ERPs or cognitive activation
tasks, may improve diagnostic accuracy. The correlation of
anatomical and physiological measures of brain function
obtained from MRI, SPECT, and PET, with QEEG mea-
surements, holds great promise for the future.

In the next few years, conventional EEG and QEEG
probably will evolve into independent and complementary
diagnostic tests. The clinician interested in detecting
epileptiform abnormalities, or some other transient brain
electrical activity, will request a conventional EEG. Clini-
cians interested in assessing global brain function, detect-
ing focal brain dysfunction, or assessing cerebral perfusion

or metabolism will request QEEG alone.
A conventional EEG in addition to a QEEG study will

yield marginally more information than the quantitative
study alone, at least until computer-assisted pattern recog-
nition algorithms develop further. As pressures for medical
cost containment mount, however, clinicians in all special-
ties likely will more heavily use diagnostic tests that are
computer-based and that therefore require less physician
time. Just as computers have reduced the physician time re-
quired for electrocardiogram interpretation, QEEG will
eventually eliminate much of the physician time required
for EEG interpretation. QEEG in many places still is a rel-
atively costly procedure. As computer prices decline and
QEEG systems become more widely available, however,
QEEG will become a highly cost-effective means of imag-
ing the brain.

Summary

EEG is an important tool in the evaluation of cerebral
function and brain disease in geriatric patients. EEG find-
ings rarely are pathognomonic for a specific diagnosis but
provide information that is consistent with (e.g., slowing in
DAT or delirium), supportive of (e.g., triphasic waves in
Creutzfeldt-Jakob disease), or highly suggestive of the
presence of a particular illness (e.g., anterotemporal spike-
and-wave foci in a seizure disorder).

In the clinical practice of geriatric neuropsychiatry, the
conventional EEG is very sensitive to the presence of an
encephalopathy, but it remains a nonspecific indicator of
the type of dysfunction. EEG is a useful physiological tool
to confirm the diagnosis and severity of delirium and for
monitoring response to treatment, but it lacks specificity in
differentiating between dementia and mild-to-moderate
states of delirium.

QEEG overcomes many of the limitations of conven-
tional EEG. It yields more reliable and reproducible mea-
surements of brain activity and is more sensitive for detect-
ing subtle focal or generalized alterations in brain function.
QEEG measures such as absolute power, relative power,
and spectral ratios provide information that is not accessi-
ble from visual inspection of the conventional recording.
These measures yield different functional and regional in-
formation regarding abnormality and thus are comple-
mentary and additive in the detection of brain dysfunction.
QEEG measures are sensitive to changes in cholinergic
tone. Hence, QEEG may be a useful adjunct in monitoring
response to acetylcholinesterase inhibitors and other cog-
nitive enhancers in patients with dementia.

Another product of quantitative EEG analysis is
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ERPs. These are multicomponent waves of positive and
negative potentials that result when the EEG signal from
the scalp is averaged for a specified time interval after a re-
petitive stimulus. ERPs may be useful as supportive evi-
dence in the diagnosis of dementia, depression, or delir-
ium, but they probably are of little use for specifying the
type of dementia.

Quantitation of the power in different frequency
bands is more “objective” than conventional EEG inter-
pretation and therefore minimizes variability in test inter-
pretation. Standard QEEG does not, however, overcome
all the limitations of conventional EEG. For example, de-
spite the greater precision of QEEG in power determina-
tions, the nature of the power changes observed with nor-
mal aging still shares some of the features of emerging
organic brain disease. Normative databases of age-
matched control subjects are useful for describing the
range of normality but are of limited use for determining
that a clinically significant abnormality exists in patients
with mild excesses of slowing. In the absence of a consensus
definition of what constitutes a statistically significant ex-
cess of slowing, comparison of serial studies from a patient
over time remains the most reliable method for determin-
ing if abnormalities exist.

Recent research suggests that QEEG can provide in-
formation that is specific for the detection and diagnosis of
different organic mental syndromes. New algorithms ap-
pear to be sensitive and specific for the detection of cortical
deafferentation through monitoring dysfunction in differ-
ent types of white matter fiber tracts. Coherence, a mea-
sure of the synchronization of electrical activity between
different cortical regions, has proved useful in distinguish-
ing subjects with DAT from those with VaD and in detect-
ing cholinergic deafferentation, as well as fiber tract dys-
function associated with periventricular white matter
changes on MRI. Cordance, a measure of cortical de-
afferentation in a single brain region, has strong associa-
tions with direct measures of perfusion or metabolism.
Cordance appears to reliably detect areas of hypoperfusion
resulting from stroke or brain degeneration (i.e., AD). Un-
masking the inability of diseased neurons to mount an ade-
quate electrophysiological response during pharmacologi-
cal activation holds significant promise for examination of
patterns of neuronal deafferentation in different
dementias. ERPs also have been useful in examining
deafferentation of ascending sensory pathways. Future re-
search elucidating the neurophysiological and neuro-
chemical correlates of such findings may permit the use of
QEEG in the direct assessment of deafferentation within
specific neuronal circuits.

Currently, QEEG is considered an adjunct to conven-

tional EEG. Conventional EEG remains more sensitive
for detecting very fast transient EEG activity as well as spe-
cific wave morphology and is the modality of choice for the
evaluation of possible seizure disorders. As more sophisti-
cated algorithms for interpreting neurophysiological sig-
nals are developed and validated, conventional EEG and
QEEG may evolve into independent clinical tests.
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13
Mood Disorders

Carl Salzman, M.D.

Symptomatic Differences
in the Elderly

Mood disorders, divided into depressive disorders and bi-
polar disorder, are relatively common in the elderly. Al-
though diagnostic criteria for either major depressive dis-
order, unipolar type, or bipolar disorder are not different
for the elderly than for young and middle-aged adults,
symptom expression can be age-dependent. For example,
some elderly patients with depression may display typical
vegetative symptoms of diminished sleep, appetite, and en-
ergy, as well as persistently altered mood, motivation, and
pleasure-seeking behaviors. In other elderly patients, how-
ever, symptoms of affective disorders may be atypical and
quite different from symptoms in young and middle-aged
adults. For example, some older patients with depression,
particularly those who are frail and above the age of 80, may
not appear sad or use the term “depressed” to describe their
inner affective state. Rather, they are irritable and socially
withdrawn. Older patients in a manic episode may also be
more irritable and paranoid rather than displaying or expe-

riencing elation and euphoria. The terms masked depression
and depressive equivalents are sometimes used to describe
older patients who do not appear depressed but manifest
physical symptoms such as chronic pain, fatigue, or
hypochondriasis. Current DSM-IV (American Psychiatric
Association 1994) diagnostic terminology includes these
patients in the category of major depressive episode (Katz
et al. 1998).

Not only may the clinical pattern of late-life depres-
sion vary from older person to older person, and from
young-old to old-old, it may vary depending on prior epi-
sodes of depression in the older person’s life. Studies sug-
gest that elderly patients with early-onset depression, as
compared with those who have a first episode in late life,
have more first-degree relatives with depression. In con-
trast, those whose depression first appears in late life have
more chronic physical illness. Patients with late-onset de-
pression are also more likely to have brain imaging findings
suggestive of dementia, respond less well to treatment, and
have an increased mortality (Alexopoulos 1998; Baldwin
and Tomenson 1995; Coffey 1996; Coffey et al. 1990; Katz
et al. 1998; Nelson 1998).
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I have divided this chapter on late-life affective disor-
ders into two general diagnostic categories: depressive dis-
order and bipolar disorder.

Depressive Disorder

Types of Depressive Disorder

Major Depressive Disorder

Major depressive disorder in elderly adults is diagnosed by
the same DSM criteria that are used for young and mid-
dle-aged adults. However, disturbances in sleep, sexual
functioning, and appetite are not always reliable indicators
of depression in older people because these functions can
be affected by normal aging, by medications, and by nu-
merous physical illnesses. Subtypes of major depression in-
clude melancholia, delusional depression, and seasonal af-
fective disorder.

Nonmajor Depressive Disorders

Older people experience a significant rate of nonmajor de-
pression, including dysthymic disorder and subclinical de-
pressions (characterized by depressed mood or markedly
diminished interest or pleasure in activities). Depression
also commonly occurs together with symptoms of person-
ality disorder, especially in older people whose onset of de-
pressive illness was earlier in life.

Depression and Medical Illness

A complex relationship exists between depression in late
life and medical illness. Major depression has been found in
as many as 20%–25% of older patients with medical illness
(Katon and Sullivan 1990; Rodin and Voshart 1986), and
nearly 90% of older patients with unipolar major depres-
sion had at least one medical illness (Conwell et al. 1989).
Depression increases the morbidity and mortality of pa-
tients with medical illness in all ages, but the deleterious ef-
fect of depression may be greater in the elderly. For exam-
ple, mortality rates of patients with depression admitted to
a nursing home is higher than that for patients without de-
pression who are admitted (Rovner et al. 1991) (see also
Chapter 37 in this volume). Medical illness also may be a
common precipitant for the development of a major de-
pression in elderly people (Nelson 1998).

Relationship of Late-Life Depression
to Neuropsychiatric Disorders

Depression and Dementia

Depression and dementia are commonly associated in
older patients (see also Chapters 23 and 24 in this volume).
Depression may occur in as many as 23% of patients with
dementia, and dementia may occur in 14% of patients with
depression (Alexopoulos 1998). The dementia syndrome
of depression is well known in all ages but may be more se-
vere in the elderly. Interestingly, older patients who are de-
pressed do not complain more of cognitive impairment
than do middle-aged populations (Alexopoulos 1998).

It may be helpful to divide the dementia syndrome as-
sociated with depression into two categories: dementia in
the elderly patient with depression whose dementia im-
proves upon resolution of the depression (reversible demen-
tia) and dementia in those older patients with depression
whose dementia does not improve (irreversible dementia).
Many older patients with depression and an initial revers-
ible dementia begin to develop an irreversible dementia ap-
proximately 2 years after the initial recovery from depres-
sion and dementia (Alexopoulos 1998; Alexopoulos et al.
1993).

Depression may be the manifestation of a dementia
(Alexopoulos 1998). Approximately one-third of patients
with Alzheimer’s disease and depression have a history of
previous psychiatric illness, especially depression
(Agbayewa 1986; Rovner et al. 1989). The possibility that
the cognitive impairment of an elderly patient with depres-
sion may be reversible with adequate treatment of the de-
pression indicates that clinicians should treat the elderly
patient with depression with cognitive impairment in an ef-
fort to improve the cognitive disturbance as well as the de-
pressive disorder itself.

Depression and
Alzheimer’s Disease

Depression is quite common in patients with Alzheimer’s
dementia, the comorbidity rate ranging from 17% to 50%
(Alexopoulos 1991; Rovner et al. 1989; Sano et al. 1989;
Wragg and Jeste 1989). Depressive symptoms are more
likely to occur in patients with Alzheimer’s disease than is
the full syndrome of major depression (Alexopoulos 1998;
Lazarus et al. 1987).

Imaging studies of elderly patients with depression
consistently show structural changes that would also be ap-
parent in persons with diminished cognitive function, al-
though not necessarily with a diagnosis of true Alzheimer’s
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dementia (Campbell et al., in press; Coffey 1996; Coffey et
al. 1990, 1993). These imaging changes are shown in Table
13–1. Some patients with Alzheimer’s disease and major
depression have also been found to have brainstem lesions
(Pearlson et al. 1989; Zubenko and Moossy 1988). Also, a
clear relationship exists between depression and the pres-
ence of vascular (multiple-infarct) dementia as well as
stroke (see below).

Depression and Neurological
Disorders Other Than Dementia

Parkinson’s disease. Depression is associated with
Parkinson’s disease in at least two ways (see Chapter 26 in
this volume). It is likely that some older people who de-
velop Parkinson’s disease may experience a secondary depres-
sion about having the disorder. But depression can also be
an integral part of the disease itself and occurs in at least
half of all patients (Cummings 1992; Dooneief et al. 1992;
Mayeux 1982). Clinical diagnosis of depression, however,
can be difficult in some cases because the masklike, akinetic
facies of patients with the disorder may look like depres-
sion, and the depressed facies of some older people may
look parkinsonian. Difficulties in diagnosis also occur be-
cause of the “on-off ” experiences associated with treat-
ment of Parkinson’s disease. Characteristically, the “off ”
period (the period when the bradykinetic symptoms are in-
tense) is associated with significantly increased depression,
hopelessness, and suicidal thinking. Despair, lack of initia-
tive, marked anergia, and loss of appetite are common dur-
ing the off period. In contrast, during an “on” period, the

older patient with Parkinson’s disease may look, behave,
and feel like a completely different person. With the pa-
tient being lively, optimistic, and engaged, it can be diffi-
cult to recall that a short time earlier the patient had all the
characteristics of a patient with a severe major depressive
disorder.

Depression may be more common among patients
with right hemisphere parkinsonism (Starkstein et al.
1990). However, there appears to be no relationship be-
tween the degree of motor impairment and the degree of
depression (Thiagarajan and Anand 1994). Disturbances in
a number of neurotransmitter systems are probably related
to the depressive component of Parkinson’s disease. The
disturbance in dopamine function characteristic of Parkin-
son’s disease has been hypothesized as an etiology for the
depression as well as the motor disorder (Brown and
Gershon 1993; Willner 1995). Serotonin function also can
be disturbed in patients with Parkinson’s disease who are
depressed (Sussman 1998).

Poststroke depression. Although the characteris-
tics of depression after a stroke are similar to those of a ma-
jor depressive disorder without stroke, a number of its
symptoms may vary depending on the location of the le-
sion. Left hemisphere lesions are significantly associated
with major depression as compared with right hemisphere
lesions (Robinson et al. 1988). Major as well as minor de-
pressive disorders have been associated with stroke or cere-
bral ischemia—20% of patients develop a major depression
(Robinson and Price 1982), and another 20% develop a mi-
nor depression (dysthymia) (Robinson et al. 1998). With
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TABLE 13–1. Imaging studies of depressed patients

Scan Study
Computed tomography Enlarged lateral ventricles in depressed geriatric patients

Greater ventricular enlargement in late-onset than in early-onset geriatric
depression
Enlarged ventricles associated with poor response to nortriptyline

Magnetic resonance imaging Significant white and gray matter hyperintensivity (“leukoariosis”) in elderly
depressed patients; associated with late onset of first episode, suicidal
ideation, delusions, DST nonsuppression, poor response to antidepressant
treatment
Widening of cortical sulci, temporal lobe sulci, temporal horns, sylvian fis-
sures, lateral and third ventricles
Widespread cortical and subcortical atrophy and basal ganglia lacunae in-
versely correlated with 3IMI binding

Positron-emission tomography In depressed patients, decreased cerebral glucose metabolism most promi-
nent in frontal lobe and right hemisphere; contrasts with Alzheimer’s disease,
in which glucose metabolism decrements are most prominent in parietal lobe

Source. Reprinted from Katz IR, Miller D, Oslin D: “Diagnosis of Late-Life Depression,” in Clinical Geriatric Psychopharmacology, 3rd Edition.
Edited by Salzman C. Baltimore, MD, Williams & Wilkins, 1998, pp. 153–183.



the exception of early morning awakening, the symptoms
of poststroke major depressive disorder resemble late-life
major depressive disorder that was not preceded by stroke
(Robinson et al. 1998).

The relationship between impaired speech and com-
prehension in patients with depression is complex. Patients
with Broca’s aphasia (nonfluent aphasia) have more severe
depressive symptoms than do patients with mild compre-
hension deficit and Wernicke’s (fluent) aphasia or global
aphasia (Robinson and Benson 1981). It appears that, al-
though depression and language impairment tend to occur
together, they are not related in a causal fashion to one an-
other (Robinson et al. 1998). The frequency of depression
among patients without aphasia is not different than the
frequency of depression among those with aphasia
(Starkstein and Robinson 1988), and it does not appear that
depression is common in those patients with mild compre-
hension deficits (Robinson and Benson 1981; Robinson et
al. 1998).

Understanding the relationship between the site of the
lesion, the function of the brain area affected, and the ap-
pearance or lack of appearance of depression has been help-
ful in understanding the role of different brain centers in
the regulation of mood. Lesions in left cortical and
subcortical nuclei are associated with depression signifi-
cantly greater than similar lesions on the right side, espe-
cially for major depression (Figure 13–1).

Patients with left hemisphere lesions have been shown
to have decrements in serotonin binding in the left tempo-
ral cortex, suggesting that the left hemisphere may be more
vulnerable to dysregulation of monoaminergic projections
through the central cortex (Robinson et al. 1984, 1998).
(For more on the neuropsychiatric aspects of stroke, see
Chapter 27 in this volume.)

Vascular depression. Vascular depression is de-
pression related to multiple infarcts damaging the
striato-pallado-thalamo-cortical pathways in the brain
(Krishnan 1993; Krishnan et al. 1997). Depression that ap-
pears late (or very late) in life is more likely to be associated
with these vascular lesions than is depression with an onset
earlier in life (Campbell et al., in press; Coffey 1996; Coffey
et al. 1990; Krishnan et al. 1997). This depression is charac-
terized by a lower risk of family history of mental disorder
or suicide and by a higher presence of anhedonia and func-
tional disability. As in vascular dementia, the vascular
changes seen in the brain may be related to carotid athero-
sclerosis, hypertension, and a history of myocardial infarcts
(Bots et al. 1993; Manolio et al. 1994). Patients with vascu-
lar depression have a greater cognitive impairment than do
those with nonvascular depression and have more

psychomotor retardation and less agitation (Alexopoulos
et al. 1997).

Although it is not yet clear whether vascular depres-
sion requires a different pharmacological or other (e.g.,
electroconvulsive therapy [ECT]) treatment approach
than that for nonvascular depression, prevention and treat-
ment of cerebrovascular disease may play an important role
in this syndrome.

Etiology of Late-Life Depression

There may be numerous pathways to the development of
late-life depression. As discussed above, medical illness,
neurological illnesses, and early-onset depression can all
precede and play a role in the development of late-life de-
pression. Additional factors include cerebral ischemia, the
effects of commonly taken medications, and the numerous
losses of function, friends, and health that older people
must bear. No studies suggest that the neurochemical
pathophysiology of depression is different in older people
than in younger people when these other factors are ex-
cluded. However, virtually all markers of noradrenergic
function, such as 3-methoxy-4-hydroxyphenylglycol, and
α2 binding tend to be diminished with age (Table 13–2),
suggesting a correlation between reduced noradrenergic
functioning (Sunderland 1998) and late-life depression
(see Chapter 4 in this volume). Similarly, many (although
not all) markers of serotonin function, such as tritiated
imipramine binding, indicate a decreased function and
sensitivity of serotonin receptors (Sunderland 1998) (Table
13–3) (also see Chapter 4 in this volume).

A search for biological markers that would help distin-
guish the elderly patient with depression as distinct from
the older patient with dementia or the older patient with
the normal mood variations of advanced age has been the
subject of numerous studies that have not been fruitful. A
summary of these studies is shown in Table 13–4. Unfortu-
nately, none of these tests are currently useful in clinical
practice.

Treatment of Major Unipolar
Depressive Disorder in the Elderly

Treatment guidelines for an older patient with depression
follow those for younger and middle-aged individuals, with
a few notable exceptions. As a general principle, it is rea-
sonable to assume that most (although not all) older pa-
tients are likely to be more sensitive to both the therapeutic
as well as side effects of antidepressant drugs (see Chapter
34 in this volume). Older patients with depression who also
have structural and functional brain disorders such as
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dementia, stroke, or Parkinson’s disease also may be espe-
cially sensitive to the brain toxic properties of antidepres-
sant drugs. Older patients who are taking multiple medica-
tions are also at greater risk for side effects and drug
interactions.

Regardless of the selection of antidepressant, in-
creased vulnerability of the older person to the unwanted
effects of antidepressant medication has led to the follow-
ing prescribing principles for antidepressant medication
(McDonald and Salzman 1994; Salzman 1995, 1997, 1998;
Salzman et al. 1995).

“Start low and go slow” (i.e., start with low doses and
use only gradual dosage increments).
Select medications with the least likelihood to pro-
duce anticholinergic and orthostatic hypotensive side
effects.
Patience is a virtue: it may take longer for the older
patient to respond to an antidepressant medication,
especially if they have had many previous depres-
sions.

Older patients may not have a complete response to
antidepressant medications but may be left with sig-
nificant residual symptoms.
As with younger patients, maintenance antidepres-
sant medication may be essential for recovered older
patients who have had numerous prior depressive ep-
isodes.

And lastly, two additional guidelines are

Special treatments may be necessary for the older pa-
tient whose depression includes delusions.
Special caution must be taken when treating the
older patient with depression who has a dementing
illness.

Relatively few studies have used a double-blind pla-
cebo-controlled design to examine treatment of mood dis-
orders (depression) in individuals with brain diseases of
known pathology. Rummans et al. (in press) note that sub-
ject numbers in such controlled treatment trials are very
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FIGURE 13–1. Percent of patients with single-stroke lesions visualized on CT scan and localized to left cerebral cortex (LC),
right cerebral cortex (RC), left subcortical nuclei (LS), or right subcortical nuclei (RS) who have major or minor depression.
There was a significant increase in the frequency of major depression among patients with LC or LS lesions compared with
patients with RC or RS lesions.
Source. Reprinted from Robinson RG, Schultz SK, Paradiso S: “Treatment of Poststroke Psychiatric Disorders,” in Geriatric
Psychopharmacology. Edited by Nelson JC. New York, Marcel Dekker, 1998, pp. 61–186.



small for any one such group, making it difficult to endorse
any one approach in treating depression in these samples.
For example, only three such studies reporting significant
improvement in active drug over placebo in the treatment
of depression in people with neurological illness contained
more than 10 subjects. These studies include one using
citalopram in patients with depression occurring in Alzhei-
mer’s disease (Nyth et al. 1992), another with citalopram in
patients with poststroke depression (G. Andersen et al.
1994), and a third using desipramine in patients with de-
pression occurring in multiple sclerosis (Schiffer and
Wineman 1990). Studies showing beneficial effects of nor-
triptyline in patients with Parkinson’s disease (J. Andersen
et al. 1980) were complicated by significant problems with
the patients’ low blood pressure; likewise, delirium and
cardiovascular morbidity occurred in patients taking
nortriptyline for poststroke depression (Lipsey et al. 1984).

It has become commonplace to discuss the use of anti-
depressant medications for older patients by grouping the
medications according to their common chemical proper-
ties. For convenience, there is also a disparate category of
antidepressants known as “atypical antidepressants.” This
antidepressant classification yields

Tricyclic antidepressants (TCAs);
Selective serotonin reuptake inhibitors (SSRIs);

Monoamine oxidase (MAO) inhibitors; and
Atypical antidepressants.

Studies demonstrate no significant therapeutic differ-
ences between compounds in these four classes
(Alexopoulos and Salzman 1998; Nelson 1998). Therefore,
clinicians tend to select antidepressant medications based
on side-effect profile, on the patient’s prior experience and
response, and on their own personal prescribing prefer-
ences based on experience with other patients. Prescribing
patterns of antidepressants for late-life depression also vary
according to age, training, experience, and locality within
the United States of the prescribing clinician, as well as
with nationwide fluctuating patterns of drug-prescribing
preferences. Nevertheless, at present, clinicians appear to
be using antidepressants to treat late-life depression
(Salzman 1998; Salzman et al. 1998) as follows:

1. SSRIs are the typical first-choice antidepressants for
all except the most severely depressed elderly pa-
tients.

2. TCAs, especially nortriptyline and desipramine,
appear to be used either to augment SSRI antide-
pressants or to replace SSRIs when they are not
producing an adequate therapeutic response. Nor-
triptyline and desipramine also tend to be preferred
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TABLE 13–2. Age-related changes in the noradrenergic system

Noradrenergic markers Location Techniques Findings
Adrenergic neurons

Mann 1991 Locus coeruleus Cell counts Decreased
G-protein coupling

Insel 1993 Animal cortex Forskolin Decreased
α2-receptor

Sastre and Garcia-Sevilla 1994;
Surpiano and Hogikyan 1993

Pascual et al. 1992
Kalaria and Andorn 1991

Cortex, platelets

Cortex, platelets
Hypothalamus

3H-yohimbine

Autoradiography
3H-clonidine

Decreased

Decreased
Decreased

β-receptors
β1

Arango et al. 1990;
Kalaria et al. 1989

β2
Mendelson and Paxinos 1991
Kalaria et al. 1989

Cortex

Cortex

Autoradiography

Autoradiography

Decreased

Decreased
Unchanged

MHPG
Hartikainen et al. 1991
Gottfries 1990

Selected brain areas
Cerebrospinal fluid

Biochemical assay
Biochemical assay

Unchanged
Increased

Please refer to the original publication for full reference citations listed in this table.
Source. Reprinted from Sunderland T: “Neurotransmission in the Aging Central Nervous System,” in Clinical Geriatric Psychopharmacology, 3rd
Edition. Edited by Salzman C. Baltimore, MD, Williams & Wilkins, 1998, pp. 51–69.



for the most severely depressed elderly patients (usu-
ally inpatients).

3. The miscellaneous group of atypical antidepressants
are also widely used for the treatment of depression,
and in many cases their effects are equal to or even
superior to SSRIs and TCAs. The patterns of their
use are difficult to discern.

4. MAO inhibitors are used significantly less frequently
than the other three classes of antidepressants. They
may be useful for carefully selected elderly patients
(see below).

Selective Serotonin
Antidepressants

To date, approximately 1,500 elderly patients with a major
depression have participated in studies of SSRI antidepres-
sants. There appears to be little difference in the efficacy
among SSRI antidepressants. The magnitude of therapeu-
tic response with SSRIs is modest, interindividual variabil-
ity of response is large, and significant residual symptoms
are found at the end of the treatment period (Small and
Salzman 1998). Although differences in pharmacokinetics
exist among the four available SSRI medications, it is not
clear that they significantly influence either the therapeu-
tic response or the side-effect profile. It is likely that varia-
tions in drug response among older persons is greater than
meaningful differences among the SSRIs antidepressants

(Salzman 1996). The pharmacokinetics of these drugs are
also shown in Table 13–5.

Because of their relatively favorable side-effect profile,
SSRIs are often the drugs of first choice, especially for the
mildly to moderately ill patient with depression. The use of
SSRIs for the treatment of the elderly patient with depres-
sion follows the usual geriatric guidelines of “start low and
go slow.” Even though side effects from these medications
are less likely to interfere with the older person’s function
than are TCA side effects, doses that are too high may still
cause unwanted side effects and treatment noncompliance.
For example, traditional starting doses may produce un-
wanted agitation, sedation, or gastrointestinal upset. Aver-
age therapeutic daily doses are shown in Table 13–5.

SSRI antidepressants are metabolized through a num-
ber of cytochrome P450 isoenzymes and are subject to
blood level fluctuation when the activity of these enzymes
is altered by other medications. However, fluoxetine and
paroxetine themselves significantly inhibit the 2D6
isoenzyme of this hepatic enzyme family. Because the 2D6
isoenzyme is primarily responsible for metabolizing
TCAs, the combined use of tricyclic and SSRI antidepres-
sants for therapeutic augmentation purposes may result in
unsafe and unwanted high levels of TCA blood levels.
Fluvoxamine is a potent inhibitor of the 1A2 isoenzyme,
which metabolizes certain psychotropic drugs, such as
tacrine (Cognex), that may be taken by elderly patients.

Although SSRIs may cause agitation, insomnia, or dis-
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TABLE 13–3. Age-related changes in the serotonergic system

Serotonergic markers Location Techniques Findings
5-HT transporter

Marcussen et al. 1987 Neocortex 123β-CIT SPECT Decreased
5-HT1A-receptor

Burnet et al. 1994
Marcussen et al. 1984, 1987
Middlemiss et al. 1986

Hippocampus
Striatum
Frontal cortex

mRNA
3H-IMI binding
3H-8-OH-DPAT

Increased
No change
Decreased

5-HT2A-receptor
Wang et al. 1995; Sparks 1989
Burnet et al. 1994

Frontal, occipital
Hippocampus

18F-NMS PET
mRNA

Decreased
Unchanged

Tryptophan hydroxylase
Meck 1977 Selected brain areas Decreased

Serotonergic levels
Severson et al. 1995;
Gottfries et al. 1979

Selected brain areas Cell count Decreased

5-HIAA
Bareggi et al. 1985 Cerebrospinal fluid Biochemical assay Increased

Please refer to the original publication for full reference citations listed in this table.
Source. Reprinted from Sunderland T: “Neurotransmission in the Aging Central Nervous System,” in Clinical Geriatric Psychopharmacology, 3rd
Edition. Edited by Salzman C. Baltimore, MD, Williams & Wilkins, 1998, pp. 51–69.



turbed gastrointestinal function, these side effects are usu-
ally mild and often transient. SSRIs do not cause cognitive
impairment, although their use has been associated with
confusion in some elderly patients, depending on the dose
(Tourjman and Fontaine 1992).

SSRI treatment of the neurologically im-
paired patient. SSRIs have been used for the treat-
ment of elderly patients with depression and dementia be-
cause of their relatively benign side-effect profile, in partic-
ular the low anticholinergic side effects. SSRIs may be used
safely in this population of older patients, and, in some pa-
tients, reduction of depressive symptoms may be accompa-
nied by a mild improvement in cognitive impairment
(Nyth et al. 1992). Starting doses of SSRIs should be low
for the dementia patient with depression because the usual

starting doses can be associated with an increased appear-
ance of unwanted side effects, especially agitation.
Paroxetine, alone among the SSRIs, has anticholinergic
properties, although they tend to be mild. No data as yet,
however, suggest that these anticholinergic properties in-
terfere with the cognitive function of the older dementia
patient with depression. In one study of paroxetine in nurs-
ing home residents over the age of 80, treatment with 20
mg/day for 8 weeks was not associated with impaired cog-
nition (Burrows et al., unpublished data, July 1999).

It is likely that the efficacy of SSRIs in enhancing cog-
nitive function in the older patient with depression and de-
mentia will depend partly on the severity of the dementia.
In early stages of dementia, in which most cognitive and be-
havioral function is preserved, these medications may be
quite helpful for cognition as well as for mood. In the later

320 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

TABLE 13–4. Studies of biological markers in late-life depression

Biological markers Study results References
MHPG Plasma MHPG increases with age; decrease may be

associated with onset of late-life depression
Karege 1989; Koslow 1983

α2 binding Poorly correlated with depression; may correlate
with late age of onset

Kafka 1988; Doyle 1985; Sachetti 1985

Platelet MAO Higher in elderly patients with depression and
reversible dementia (pseudodementia); associated
with anhedonia, anxiety, and medical illness in
depressed elderly outpatients

Fischer 1994; Schneider 1988;
Veith 1988; Alexopoulos 1987;
George 1986; Alexopoulos 1984a

3IMI Decreased binding in elderly patients

No decreased binding in elderly patients

Binding may be lower in geriatric depressed patients
than in younger depressed patients
High specificity; binding does not decrease in dementia
Associated with poor response to antidepressant
treatments

Nemeroff 1988; Schneider 1988;
Schneider 1986;
Suranyi-Cadotte 1985

Georgotas 1987

Nemeroff 1988; Schneider 1988

Nemeroff 1988; Schneider 1988
Schneider 1986

DST Nonsuppression more frequent in geriatric than in
younger depressed patients; occurs in one-third of
demented patients; low specificity

APA 1987; Gieri 1987; Georgotas 1986;
Greenwald 1986; Alexopoulos 1985a;
Sunderland 1985; Alexopoulos 1984b;
Davis 1984; Rosenbaum 1984;
Oxenkrug 1983;
Tourigny-Rivard 1981

TRH-TSH Low specificity; blunted response in depressed
geriatric patients and in patients with Alzheimer’s disease

Tsuboyama 1992; Molchan 1991;
Sunderland 1986; Alexopoulos 1985b

Altered sleep
architecture

Similar to midlife depressed patients; shorter REM
latency; prolonged first REM period; shift of EEG
delta activity from first to second REM period; early
morning awakening

Reynolds 1988; Hoch 1986;
Reynolds 1983

Please refer to the original publication for full reference citations listed in this table.
Source. Reprinted from Katz IR, Miller D, Oslin D: “Diagnosis of Late-Life Depression,” in Clinical Geriatric Psychopharmacology, 3rd Edi-
tion. Edited by Salzman C. Baltimore, MD, Williams & Wilkins, 1998, pp. 153–183.



stages of the illness, when there is more pervasive and
behavioral impairment, SSRIs may have little effect on
cognition.

Fluoxetine has been studied for the treatment of
poststroke major and minor depression and, like the com-
parative drug nortriptyline, its use was associated with im-
proved Mini-Mental State Exam scores compared with
those scores with placebo (Folstein and McHugh 1978;
Gonzalez-Torrecillas et al., in press).

Reports are conflicting on the usefulness of SSRIs in
depressed patients with Parkinson’s disease. The SSRIs
may worsen motor symptoms in Parkinson’s disease
(Sussman 1998). However, in one case report, a patient
with Parkinson’s disease who was depressed responded to
fluvoxamine (McCance-Katz et al. 1992). It appears that
the beneficial effects of SSRIs do not necessarily outweigh
the possibility of worsening motor symptoms in depressed
elderly patients with Parkinson’s disease. Because SSRIs
may diminish central nervous system dopamine (Salzman
et al. 1993), and potentially worsen motor symptoms, they
probably should not be used as antidepressants of first
choice for these patients.

Tricyclic Antidepressants

Most geriatric clinicians tend to avoid using tertiary TCAs
in elderly patients because of the relatively frequent ap-
pearance of anticholinergic and orthostatic hypotensive
side effects. Side-effect profile favors the use of the second-
ary amines, nortriptyline or desipramine. Elderly patients
treated with either of these TCAs respond to the same
plasma levels as younger and middle-aged individuals.
However, the response to TCAs may be influenced by a
number of factors that are more common in older people

than in younger and middle-aged adults. For example, a
large ventricular/brain ratio predicts poor response to
nortriptyline (Young et al. 1990), and low serum albumin
along with poor self-care also predicts poor response to
nortriptyline in very old nursing home residents (Katz et al.
1990).

Treatment with TCAs also follows the “start low and
go slow” principle. Clinicians, therefore, commonly start
with doses of 10–25 mg for either drug and gradually in-
crease into the therapeutic range, using plasma levels for
monitoring, although the plasma level of nortriptyline may
not correlate with the therapeutic response (Young et al.
1990, 1991). A pretreatment electrocardiogram (ECG) is
essential because these TCAs can cause serious conduction
difficulties. Repeat ECGs during the treatment period
provide information that is also helpful to the clinician in
determining the dose. There is no risk of cardiotoxicity if
the QRS (or QT interval) does not widen. Using the ECG
in conjunction with drug plasma levels and clinical status of
the patient provides useful guidelines for treatment. Aver-
age starting and therapeutic doses are shown in Table 13–6.

Nortriptyline and desipramine produce anticho-
linergic side effects and orthostatic hypotension, although
less severely than tertiary amine antidepressants, such as
imipramine or amitriptyline. Brain anticholinergic side ef-
fects include delirium (disorientation, memory loss, confu-
sion, and increased forgetfulness; see Chapter 19 in this
volume). At low therapeutic doses, these side effects are lit-
tle more than an annoyance for older patients (although for
the very frail and very elderly person they may significantly
interfere with daily activities). At higher doses, however, or
when TCAs are given in conjunction with other medica-
tions that have anticholinergic side effects, the intensity of
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TABLE 13–5. Clinical pharmacology of serotonin reuptake inhibitors

Drug
Elimination
half-life (hr)

Active
metabolites

Metabolite elimination
half-life

Recommended elderly
daily dose (mg)

Paroxetine 12–20 No — 5–40
Fluvoxamine 15 No 15 25–200
Sertraline 25 No — 125–1500
Fluoxetine 85 Yes 330 5–60

Source. Reprinted from Small GW, Salzman C: “Treatment of Depression With New and Atypical Antidepressants,” in Clinical Geriatric
Psychopharmacology, 3rd Edition. Edited by Salzman C. Baltimore, MD, Williams & Wilkins, 1998, pp. 245–261.

TABLE 13–6. Starting and therapeutic doses of recommended tricyclic antidepressants

Drug Starting dose Average daily dose Blood level
Nortriptyline
Desipramine

10 mg
10 mg

25–100 mg
25–100 mg

50–150 ng/mL
>115 ng/mL



brain anticholinergic toxicity may increase to the point of a
delirium (see Chapter 19 in this volume). In the anti-
cholinergic delirious state, the older person is very con-
fused, very disoriented, and has impaired short-term mem-
ory. Symptoms are much worse in the evening, and the
delirious picture may include paranoid delusions, visual
hallucinations, assaultiveness, and agitation. Anti-
cholinergic side effects are particularly disastrous for the
depressed older patient who already has a dementia. At
high doses, or even sometimes at the usual therapeutic
doses used for young and middle-aged adults, depressed
older individuals with moderately severe dementia become
more cognitively impaired. Clinical experience suggests
that patients with Alzheimer’s disease may also become
more agitated by TCAs. For these reasons, doses of TCAs
need to be kept as low as possible to produce a therapeutic
response, and the older person must be monitored closely.

Nortriptyline and desipramine are metabolized by
several hepatic enzymes of the CP450 family. The primary
metabolizing enzyme, IID6, responsible for hydroxylating
TCAs into water-soluble compounds, may be inhibited by
a variety of other medications, particularly fluoxetine and
paroxetine. When these SSRIs are given to augment TCA
response (or vice versa, see below), substantial risk of TCA
toxicity occurs because of markedly elevated blood levels.

Because hydroxymetabolites are water soluble, their
clearance may be impaired by age-related diminished renal
function in the very elderly, or as a consequence of im-
paired renal clearance as a result of medications such as
nonsteroidal anti-inflammatory drugs (see Chapter 34 in
this volume). Hydroxymetabolites are cardiotoxic (Young
et al. 1990, 1991) and, as they gradually accumulate, cardiac
conduction abnormalities can develop. This toxicity is re-
flected in QRS widening, indicating a further need to em-
ploy follow-up ECGs during treatment.

Tricyclic antidepressant treatment of the pa-
tient with neurological illness. A substantial
body of literature demonstrates that patients with demen-
tia who are depressed, as well as depressed patients with de-
mentia, can be successfully treated with TCAs (Rummans
et al., in press). Virtually all studies also indicate that there
may be a favorable effect on cognitive performance with
resolution of the depression (Reifler et al. 1989). At least
four clinical trials have demonstrated response to antide-
pressant treatment in elderly patients with depression and
cognitive impairment (Gottfries et al. 1992; Rabins 1989;
Reifler et al. 1989; Reynolds et al. 1987). The subject has
been well reviewed by Jones and Reifler (1994), who cite, in
particular, a study showing an improvement in Mini-
Mental State Exam scores of nearly 7 points in those elderly

patients with dementia whose depression responded to
treatment (Folstein and McHugh 1978).

Five clinical trials have been published, each demon-
strating improvement in mood in the depressed elderly pa-
tient with Parkinson’s disease (J. Andersen et al. 1980; Boer
et al. 1976; Indaco and Carrieri 1988; Laitinen 1969;
Strang 1965). The anticholinergic properties of TCAs may
also slightly help the motor impairment as well, although
significant anticholinergic blockade will exacerbate some
of the dementing symptoms that sometimes occur in
well-advanced Parkinson’s disease.

Two studies of nortriptyline in patients poststroke
have demonstrated antidepressant efficacy in patients with
depression (Balunov and Alemasova 1990; Lipsey et al.
1984). When stroke has resulted in cognitive impairment,
treatment of a patient with poststroke depression with
TCAs may result in an improvement in cognitive function-
ing (Lipsey et al. 1984), although anticholinergic side ef-
fects may be more prominent, resulting in disorientation,
confusion, dysarthria, incoherent speech, and anxiety
(Robinson et al. 1998).

Treatment of Depression
With Miscellaneous
“Atypical” Antidepressants

This group of medications includes bupropion,
venlafaxine, nefazodone, and mirtazapine. Each has dem-
onstrated efficacy as an antidepressant, although the num-
ber of clinical trials data supporting their efficacy in older
individuals is considerably fewer than that for the other
groups of antidepressants. When clinicians follow the pre-
scribing maxim of “start low and go slow” and use low start-
ing doses with gradual dosage increments, the benign
side-effect profiles of each of these drugs may make them
useful for older patients. The starting doses, effective geri-
atric daily dose range, and side effects are shown in Ta-
ble 13–7.

Bupropion tends to be used for its activating proper-
ties, whereas nefazodone has sedating properties. Venla-
faxine is increasingly popular because it has many of the
properties of TCAs but lacks significant anticholinergic
side effects. Mirtazapine has not yet been assigned a spe-
cific prescribing niche for older depressed patients.

Another advantage of this group of drugs is the relative
lack of significant interactions with other psychotropic
drugs. Bupropion, venlafaxine, and mirtazapine appear to
be relatively free of enzymatic interactions affecting the
metabolism of other drugs. Nefazodone is an inhibitor of
the 3A4 isoenzyme, which metabolizes numerous medica-
tions, including triazolam and alprazolam.
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Monoamine Oxidase Inhibitors
MAO inhibitors are effective antidepressants and some-
times produce a remarkable reversal of depressive symp-
toms in some elderly patients. Their use for the general ge-
riatric population of patients with depression, however, is
limited by two factors: 1) the risk of noncompliance leading
to potentially toxic combinations with other medications
or tyramine-containing food substances; and 2) side ef-
fects, especially orthostatic hypotension and the potential
for serious hypertensive crises.

Despite potential problems using MAO inhibitors, these
medications may provide enhanced energy, optimism, and
the return of zest to the lives of selected elderly patients with
depression, particularly the younger depressed patients who
are cognitively intact and physically healthy.

MAO inhibitor treatment of the patient with
neurological illness. No clinical trials of MAO in-
hibitors have been performed in patients with neurological
illness. MAO inhibitors have been reported to be effective
in activating and improving the mood of elderly patients
with depression (Ashford and Ford 1979), although they
also have been noted to cause severe agitation and insomnia
in the same sample of patients. A family member, spouse, or
caregiver must be in charge of the MAO inhibitor adminis-
tration, supervise the administration of the MAO inhibitor,
and guard against potential drug and food interactions.
This further limits the usefulness of these medications in
this population.

No studies or clinical reports of the use of MAO inhib-
itors exist for elderly patients with poststroke depression.
Because of the possibility of MAO inhibitor interactions
with tyramine in foods or with blood pressure increase
from medications causing a stroke, these drugs probably
should not be used in this population of elderly patients
with depression.

Treatment of
Delusional Depression

Psychotic (delusional) depression is relatively frequent in
the elderly population and ranges from a prevalence of

3.6% of community residents to as much as 20%–45% of
hospitalized patients (Alexopoulos and Salzman 1998). In
elderly people, psychotic depression is a severe and poten-
tially lethal illness, usually requiring inpatient treatment.
Evidence suggests that elderly patients with psychotic de-
pression respond poorly to treatment with all forms of anti-
depressants when used alone (Alexopoulos and Salzman
1998). When TCAs are combined with neuroleptics, how-
ever, therapeutic response has been noted (Alexopoulos
and Abrams 1991; Baldwin 1988). Because of the
life-threatening nature of psychotic depression, many cli-
nicians prefer to use ECT rather than antidepressant medi-
cation (see Chapter 35 in this volume).

ECT has demonstrated efficacy for the treatment of
severe depressions in elderly patients with psychotic de-
pression (Sackeim 1998), although its use has been ques-
tioned because it induces memory impairment. The mag-
nitude of cognitive impairment produced by ECT in the
elderly differs among individuals. For some patients, the
anterograde and retrograde amnesia caused by the treat-
ment may be partially offset by the improved attention and
concentration that results from reduction of depressive
symptoms. For those who may be at greatest risk of mem-
ory loss (e.g., elderly patients with severe preexisting cog-
nitive impairment), unilateral nondominant treatment
carefully spaced out may mitigate the possible worsening
of preexisting cognitive impairment (Sackeim 1998).

Treatment Resistance and
Augmentation Strategies

It appears that older patients, particularly those over 75,
may have a less robust response to antidepressant treat-
ment, even at appropriate dosages and blood levels. This
lack of response is particularly true for TCAs (Agency for
Health Policy and Research 1993), but is not as dramatic
for the SSRIs. The elderly may take longer to respond to
adequate treatment (Georgotas and McCue 1989; Nelson
1998). For these reasons, clinicians sometimes add a sec-
ond antidepressant to bolster or accelerate the therapeutic
response from the first drug. Although these augmentation
strategies are sometimes successful in young and mid-
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TABLE 13–7. Miscellaneous antidepressants

Drug
Starting

dose (mg)
Geriatric daily

dose range Side effects
Bupropion
Venlafaxine
Nefazodone
Mirtazapine

37.5
12.5
50

7.5

37.5–300
25–100
50–300

Insufficient information

Agitation, insomnia
Nausea, vomiting, headache, hypertension
Sedation
Sedation, weight gain



dle-aged patients, their efficacy in the elderly is not as con-
vincing. Adding a second antidepressant is also likely to in-
crease side effects.

Studies of lithium augmentation in the elderly have
shown only a modest improvement in therapeutic response
and a higher likelihood of neuropsychiatric side effects
(Alexopoulos and Salzman 1998; Nelson 1998). Mixing an-
tidepressants together (typically adding low dose of a TCA
to an SSRI) has demonstrated efficacy in the elderly as well,
although side effects are increased, and drug interactions
may produce toxic TCA blood levels (Nelson et al. 1991;
Seth et al. 1992). Stimulants in low doses are sometimes ef-
fective when added to other antidepressants. Methyl-
phenidate, the most commonly used of the psychomotor
stimulants, when used alone, may increase motivation, at-
tention, and a sense of well-being, even at low doses of
2.5–20 mg/day. In conjunction with other antidepressants,
methylphenidate may enhance energy and motivation.
Doses must be very low to avoid unwanted agitation and in-
somnia. (For more information on geriatric neuropsy-
chopharmacology, see Chapter 34 in this volume.)

Diagnosis and Treatment of Mania
(Bipolar Disorder) in the Elderly

Types of Late-Life Mania

Mania is not unusual in the elderly, although it rarely ap-
pears for the first time in late life. The clinical picture of
mania differs in the elderly from patterns seen in young and
middle-aged adults. Euphoria and elation are less common
in the older patients with mania. More typically, features of
late-life mania include confusion, paranoia, irritability,
dysphoria, and distractibility. Onset of bipolar illness ear-
lier in life, if untreated, becomes more severe and mood al-
terations more frequent in late life, both for the mania and
the depressive component of the bipolar illness (Dhingra
and Rabins 1991).

Manic symptoms can be caused also by a variety of
physical disorders as well as medications. For example, vi-
tamin B12 deficiency, hypothyroidism, and infections can
cause mania. The use of medications such as cortico-
steroids, anticholinergics, L-dopa, psychostimulants, and
sympathomimetics, as well as hemodialysis, can cause
late-life mania.

Mania in late life can be associated with neuropsychiat-
ric disorders (Satlin and Liptzin 1998). Symptoms that sug-
gest mania secondary to a medical condition as opposed to
late-life onset of bipolar disorder include

Distractibility, reduced attention span, impaired con-
centration, and disorientation resembling dementia
or delirium;
A first onset of affective symptoms in late life;
A long latency period between the first episode of de-
pression and the appearance of mania;
A history of frequent mood cycles (rapid cycling);
Chronic course;
Absence of a family history of bipolar disorder; and
Poor response to lithium or the development of
neurotoxicity at low therapeutic lithium levels.

Althoughdepressionismorecommonafterstrokethanis
mania, the appearance of manic symptoms after stroke is not
uncommon (Robinson et al. 1998). As opposed to depression,
the development of poststroke mania may be associated with
right-sided lesions rather than left-sided lesions (Robinson et
al. 1988; Starkstein et al. 1991). Poststroke mania may persist
as poststroke bipolar depression. Patients with this disorder
have greater cognitive impairment than those with just de-
pression (Starkstein et al. 1991).

Treatment of Late-Life Mania

The treatment of late-life mania follows general geriatric
prescribing principles, using the same medications that are
available for treating young and middle-aged adults.
Mood-stabilizing medications, including lithium, val-
proate, and carbamazepine, are all useful in managing late-
life mania. As for all other medications, however, older pa-
tients are more sensitive to the side effects of these medica-
tions. Starting doses, average daily doses, and side effects
are shown in Table 13–8.

As with younger patients, maintenance treatment with
mood stabilizers is an important part of the overall treat-
ment program of elders with bipolar disorder. However,
because older patients are more sensitive to the side effects
of mood-stabilizing drugs, and may become progressively
even more sensitive as they age, the maintenance doses may
need to be readjusted frequently.

Neuropsychiatric Side Effects of
Mood-Stabilizing Medication

Neuropsychiatric and neurological side effects of
mood-stabilizing medications are common in the elderly.
In some cases, these side effects may appear even before
other side effects, such as gastrointestinal distress, that usu-
ally appear as the first side effects in younger adults.

Lithium. Diminished memory loss, cognitive dulling,
and apathy are common lithium side effects in the elderly.
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Mild confusion and forgetfulness may cause lithium non-
compliance. At higher doses and blood levels, however,
lithium-induced delirium characterized by confusion, for-
getfulness, disorientation, and impaired consciousness is
common. Other signs of lithium toxicity include tremor,
lethargy, ataxia, slurred speech, and eventually coma.
These toxic effects may be evident at therapeutic dosages
even when lithium blood levels are within the usual thera-
peutic range. As many as 60% of elderly patients appear to
have prolonged periods of lithium-induced neurotoxicity
lasting up to 10 weeks after the discontinuation of treat-
ment (Satlin and Liptzin 1998). Hypothesized reasons for
this prolonged neurotoxicity include increased brain vul-
nerability as a result of late-life brain diseases such as
parkinsonism, stroke, or dementia.

Valproic acid. Valproic acid can cause neurological
symptoms in older patients. Tremor, sedation, and ataxia
are not unusual. Some older patients may experience a cog-
nitive impairment, although not as frequently as with
lithium.

Carbamazepine. Neurotoxicity is produced by carba-
mazepine, resulting in confusion, sedation, disorientation,
ataxia, and memory loss.

Treatment of Poststroke Mania

Although no controlled studies of the treatment of post-
stroke mania have been undertaken, clinical experience
suggests that secondary manic states after stroke are more
difficult to treat than primary mania (Evans et al. 1995). A
single case report found carbamazepine to be ineffective,
but clonidine (600 mg/day) rapidly reversed manic symp-
toms (Bakchine et al. 1989). Lithium may be useful, as may
other mood stabilizers, although research studies are
needed for these treatments. Valproate and carbamazepine
may be particularly useful in patients with poststroke ma-
nia because of the risk of seizures in this population (Robin-
son et al. 1998).

Other medications to treat mania, such as clonazepam
and calcium channel blockers, have not been adequately

studied in the elderly. Similarly, use of new anticonvulsant
mood stabilizers, such as lamotrigine and gabapentin, in
the elderly has not been reported in the literature to date.

Conclusion

Affective disturbances in the elderly range in severity from
mild to severe. Present clinical and research experience
suggests that assertive, but careful, pharmacological treat-
ment can bring substantial relief from the suffering of af-
fective illness in late life. Following the prescribing princi-
ples of low starting doses, with gradual dose increments
(“start low and go slow”), with frequent evaluations, many
elderly people may have significant improvement in the
quality of their life.

References

Agbayewa MO: Earlier psychiatric morbidity in patients with
Alzheimer’s disease. J Am Geriatr Soc 34:561–564, 1986

Agency for Health Policy and Research: Clinical Practice
Guideline: Depression in Primary Care: Treatment of Ma-
jor Depression, Vol 2. Rockville, MD, U.S. Government
Printing Office, 1993

Alexopoulos GS: Heterogeneity and comorbidity in dementia-
depression syndromes. Int J Geriatr Psychiatry 6:125–127,
1991

Alexopoulos GS: The assessment and treatment of depressed-
demented patients, in Geriatric Psychopharmacology.
Edited by Nelson JC. New York, Marcel Dekker, 1998,
pp 223–244

Alexopoulos GS, Abrams RC: Depression in Alzheimer’s dis-
ease. Psychiatr Clin North Am 14:327–340, 1991

Alexopoulos GS, Salzman C: Treatment of depression with
heterocyclic antidepressants, monoamine oxidase inhibi-
tors, and psychomotor stimulants, in Clinical Geriatric
Psychopharmacology, 3rd Edition. Edited by Salzman C.
Baltimore, MD, Williams & Wilkins, 1998, pp 184–244

Alexopoulos GS, Meyers BS, Young RC, et al: The course of ge-
riatric depression with “reversible dementia”: a controlled
study. Am J Psychiatry 150:1693–1699, 1993

Mood Disorders 325

TABLE 13–8. Mood stabilizers

Drug Starting dose (mg) Daily dose (mg) Side effects
Lithium

Valproic acid

Carbamazepine

75–300

125

100

300–900 (BL 0.3–0.7)

250–1000 (BL 50–100)

200–800 (BL 4–8)

Neurological, cardiovascular, renal, thyroid,
gastrointestinal disturbances

Neurological disturbances, alopecia, weight gain,
gastrointestinal disturbance

Cardiac arrhythmia, confusion, unsteadiness



Alexopoulos GS, Barnett S, Meyers MD, et al: Clinically de-
fined vascular depression. Am J Psychiatry 154:562–565,
1997

American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition. Washington,
DC, American Psychiatric Association, 1994

Andersen G, Vestergaard K, Lauritzen L: Effective treatment of
poststroke depression with the selective serotonin reuptake
inhibitor citalopram. Stroke 25:1099–1104, 1994

Andersen J, Aabro E, Gulmann N, et al: Anti-depressive treat-
ment in Parkinson’s disease. A controlled trial of the effect
of nortriptyline in patients with Parkinson’s disease treated
with L-DOPA. Acta Neurol Scand 62:210–219, 1980

Ashford JW, Ford CV: Use of MAO inhibitors in elderly pa-
tients. Am J Psychiatry 136:1466–1467, 1979

Bakchine S, Lacomblez L, Benoit N, et al: Manic-like state after
orbitofrontal and right temporoparietal injury: efficacy of
clonidine. Neurology 39:777–781, 1989

Baldwin RC: Delusional and non-delusional depression in late
life. Evidence for distinct subtypes. Br J Psychiatry 152:
39–44, 1988

Baldwin RC, Tomenson B: Depression in later life: a compari-
son of symptoms and risk factors in early and late onset
cases. Br J Psychiatry 167:649–652, 1995

Balunov OA, Alemasova AY: Therapy of depression in
post-stroke patients. Alaska Med 32:20–29, 1990

Boer BH, Erdman RAM, Onstenk HJVC, et al: Clomipramine,
depresie en de ziekte van Parkinson. Tijdschrift voor
Psychiatrie 28:499–509, 1976

Bots ML, van Swieten JC, Breteler MM, et al: Cerebral white
matter lesions and atherosclerosis in the Rotterdam Study.
Lancet 341:1232–1237, 1993

Brown AS, Gershon S: Dopamine and depression. J Neural
Transm Gen Sect 91:75–109, 1993

Campbell JJ, Duffy JD, Coffey CE: The neuropsychiatry of de-
pression. Psychiatric Annals (in press)

Coffey CE: Brain morphology in primary mood disorders: im-
plications for ECT. Psychiatric Annals 26:713–716, 1996

Coffey CE, Figiel GS, Djang WT, et al: Subcortical
hyperintensity on magnetic resonance imaging: a compari-
son of normal and depressed elderly subjects. Am J Psychi-
atry 147:187–189, 1990

Coffey CE, Wilkinson WE, Weiner RD, et al: Quantitative ce-
rebral anatomy in depression: a controlled magnetic reso-
nance imaging study. Arch Gen Psychiatry 50:7–16, 1993

Conwell Y, Nelson C, Kim KM, et al: Elderly patients admitted
to the psychiatric unit of a general hospital. J Am Geriatr
Soc 37:35–41, 1989

Cummings JL: Depression and Parkinson’s disease: a review.
Am J Psychiatry 149:443–454, 1992

Dhingra U, Rabins PV: Mania in the elderly: a 5–7 year fol-
low-up. J Am Geriatr Soc 39:581–583, 1991

Dooneief G, Mirabello E, Bell K, et al: An estimate of the inci-
dence of depression in idiopathic Parkinson’s disease. Arch
Neurol 49:305–307, 1992

Evans DL, Byer LYM, Greer R: Secondary mania: diagnosis and
treatment. J Clin Psychiatry 56 (suppl 3):31–37, 1995

Folstein MF, McHugh PR: Dementia syndrome of depression,
in Alzheimer’s Disease and Related Disorders. Edited by
Katzman R, Terry RD, Bick KL. New York, Raven, 1978,
pp 45–63

Georgotas A, McCue RE: The additional benefit of extending
an antidepressant trial past seven weeks in the depressed el-
derly. Int J Geriatr Psychiatry 4:191–195, 1989

Gonzalez-Torrecillas JL, Mendlewicz J, Lobo A: Repercussion
of early treatment of post-stroke depression on
neurophysiological rehabilitation. Int Psychogeriatr (in
press)

Gottfries C-G, Karlsson I, Nyth AL: Treatment of depression
in elderly patients with and without demential disorders.
Int Clin Psychopharmacol 6 (suppl 5):55–64, 1992

Indaco A, Carrieri PD: Amitriptyline in the treatment of head-
ache in patients with Parkinson’s disease. Neurology
38:1720–1722, 1988

Jones BN, Reifler BV: Depression coexisting with dementia.
Med Clin North Am 78:823–839, 1994

Katon W, Sullivan MD: Depression and chronic medical illness.
J Clin Psychiatry 51 (suppl 6):3–11, 1990

Katz IR, Simpson GM, Curlik SM, et al: Pharmacologic treat-
ment of major depression for elderly patients in residential
care settings. J Clin Psychiatry 51:41–47, 1990

Katz IR, Miller D, Oslin D: Diagnosis of late-life depression, in
Clinical Geriatric Psychopharmacology, 3rd Edition.
Edited by Salzman C. Baltimore, MD, Williams &
Wilkins, 1998, pp 153–183

Krishnan KRR: Neuroanatomic substrates of depression in the
elderly. J Geriatr Psychiatry Neurol 1:39–58, 1993

Krishnan KRR, Hays JC, Blazer DG: MRI-defined vascular de-
pression. Am J Psychiatry 154:497–501, 1997

Laitinen L: Desipramine in treatment of Parkinson’s disease.
Acta Neurol Scand 45:109–113, 1969

Lazarus LW, Newton N, Cohler B, et al: Frequency and presen-
tation of depressive symptoms in patients with primary de-
generative dementia. Am J Psychiatry 144:41–45, 1987

Lipsey JR, Robinson RG, Pearlson GD, et al: Nortriptyline
treatment of post-stroke depression: a double-blind study.
Lancet 1:297–300, 1984

Manolio TA, Kronmal RA, Burke GL, et al: Magnetic reso-
nance abnormalities and cardiovascular disease in older
adults: the Cardiovascular Health Study. Stroke 25:
318–327, 1994

Mayeux R: Depression and dementia in Parkinson’s disease, in
Movement Disorders. Edited by Marsden CO, Fahey S.
London, Butterworth, 1982, pp 75–95

McCance-Katz EF, Marek KL, Price LH: Serotonergic dys-
function in depression associated with Parkinson’s disease.
Neurology 42:1813–1814, 1992

326 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



McDonald WM, Salzman C: Geriatric psychopharmacology, in
Psychiatry, Revised Edition, Vol 2. Edited by Michels R,
Cooper AM, et al. Philadelphia, PA, JB Lippincott, 1994,
pp 1–23

Nelson JC: Treatment of major depression in the elderly, in Ge-
riatric Psychopharmacology. Edited by Nelson JC. New
York, Marcel Dekker, 1998, pp 61–98

Nelson JC, Mazure CM, Bowers MB, et al: A preliminary, open
study of the combination of fluoxetine and desipramine for
rapid treatment of major depression. Arch Gen Psychiatry
48:303–307, 1991

Nyth AL, Gottfries CG, Lyby K, et al: A controlled multicenter
clinical study of citalopram and placebo in elderly de-
pressed patients with and without concomitant dementia.
Acta Psychiatr Scand 86:138–145, 1992

Pearlson GS, Rabins PV, Kims WS, et al: Structural brain CT
changes and cognitive deficits in elderly depressives with
and without reversible dementia (“pseudodementia”).
Psychol Med 19:573–584, 1989

Rabins PV: Coexisting depression and dementia. J Geriatr Psy-
chiatry 22:17–24, 1989

Reifler BV, Teri L, Raskind M, et al: Double-blind trial of
imipramine in Alzheimer’s disease patients with and with-
out depression. Am J Psychiatry 146:45–49, 1989

Reynolds CF, Perel JM, Kupfer DJ, et al: Open-trial response to
antidepressant treatment in elderly patients with mixed de-
pression and cognitive impairment. Psychiatry Res
21:111–122, 1987

Robinson RG, Benson DF: Depression in aphasic patients: fre-
quency, severity and clinical-pathological correlations.
Brain Lang 14:282–291, 1981

Robinson RG, Price TR: Post-stroke depressive disorders: a
follow-up study of 103 outpatients. Stroke 13:635–641,
1982

Robinson RG, Kubos KL, Starr LB, et al: Mood disorders in
stroke patients: importance of location of lesion. Brain
107:81–93, 1984

Robinson RG, Boston JD, Starkstein SE, et al: Comparison of
mania and depression after brain injury: causal factors. Am
J Psychiatry 145:172–178, 1988

Robinson RG, Schultz SK, Paradiso S: Treatment of poststroke
psychiatric disorders, in Geriatric Psychopharmacology.
Edited by Nelson JC. New York, Marcel Dekker, 1998,
pp 161–186

Rodin G, Voshart K: Depression in the medically ill: an over-
view. Am J Psychiatry 143:696–705, 1986

Rovner BW, Broadhead J, Spencer M, et al: Depression and Alz-
heimer’s disease. Am J Psychiatry 146:350–363, 1989

Rovner BW, German PS, Brant LJ, et al: Depression and mor-
tality in nursing homes. JAMA 265:993–996, 1991

Rummans TA, Lauterbach EC, Coffey CE, et al: Pharmaco-
logic efficacy in neuropsychiatry: a review of pla-
cebo-controlled treatment trials. J Neuropsychiatry (in
press)

Sackeim HA: Electroconvulsive therapy in late-life depression,
in Clinical Geriatric Psychopharmacology, 3rd Edition.
Edited by Salzman C. Baltimore, MD, Williams &
Wilkins, 1998, pp 262–309

Salzman C: Psychopharmacology, in Core Readings in Psychia-
try. Edited by Sacks MH, Sledge WH, Warren C. Wash-
ington, DC, American Psychiatric Press, 1995, pp 461–482

Salzman C: Heterogeneity of SSRI response. Harv Rev Psychia-
try 4:215–217, 1996

Salzman C: Depressive disorders and other emotional issues in
the elderly: current issues. Int Clin Psychopharmacol 12
(suppl 7):S37–S42, 1997

Salzman C: Geriatric psychopharmacology, in The Practitio-
ner’s Guide to Psychoactive Drugs, 4th Edition. Edited by
Gelenberg AJ, Bassuk EL. New York, Plenum, 1998,
pp 367–384

Salzman C, Jimerson D, Vasile R, et al: Response to SSRI anti-
depressants correlates with reduction in plasma HVA: pilot
study. Biol Psychiatry 34:569–571, 1993

Salzman C, Satlin A, Burrows AB: Geriatric psychopharma-
cology, in Textbook of Psychopharmacology. Edited by
Schatzberg AF, Nemeroff CB. Washington, DC, American
Psychiatric Press, 1995, pp 803–821

Salzman C, Satlin A, Burrows AB: Geriatric psychopharma-
cology, in Textbook of Psychopharmacology, 2nd Edition.
Edited by Schatzberg AF, Nemeroff CB. Washington, DC,
American Psychiatric Press, 1998, pp 961–977

Sano M, Stern Y, Williams J, et al: Coexisting dementia and de-
pression in Alzheimer’s disease. Arch Neurol 46:
1284–1285, 1989

Satlin A, Liptzin B: Diagnosis and treatment of mania, in Clini-
cal Geriatric Psychopharmacology, 3rd Edition. Edited by
Salzman C. Baltimore, MD, Williams & Wilkins, 1998,
pp 310–330

Schiffer RB, Wineman NM: Antidepressant pharmacotherapy
of depression associated with multiple sclerosis. Am J Psy-
chiatry 147:1493–1497, 1990

Seth R, Jennings AL, Bindman J, et al: Combination treatment
with noradrenalin and serotonin reuptake inhibitors in re-
sistant depression. Br J Psychiatry 161:562–565, 1992

Small GW, Salzman C: Treatment of depression with new and
atypical antidepressants, in Clinical Geriatric Psycho-
pharmacology, 3rd Edition. Edited by Salzman C. Balti-
more, MD, Williams & Wilkins, 1998, pp 245–261

Starkstein SE, Robinson RG: Aphasia and depression.
Aphasiology 2:1–20, 1988

Starkstein SE, Preziosi TJ, Bolduc PL, et al: Depression in Par-
kinson’s disease. J Nerv Ment Dis 178:27–31, 1990

Starkstein SE, Federoff JP, Berthea MD, et al: Manic depressive
and pure manic states after brain lesions. Biol Psychiatry
29:149–158, 1991

Strang RR: Imipramine in treatment of Parkinsonism. A dou-
ble-blind placebo study. BMJ 2:33–34, 1965

Mood Disorders 327



Sunderland T: Neurotransmission in the aging central nervous
system, in Clinical Geriatric Psychopharmacology, 3rd
Edition. Edited by Salzman C. Baltimore, MD, Williams &
Wilkins, 1998, pp 51–69

Sussman N: Depression and Parkinson’s disease, in Geriatric
Psychopharmacology. Edited by Nelson JC. New York,
Marcel Dekker, 1998, pp 199–222

Thiagarajan A, Anand KS: Parkinson’s disease: incidence of de-
pression, correlation of stages of depression to clinical stag-
ing and disability (abstract). Neurology 44 (suppl 2):A254,
1994

Tourjman S, Fontaine R: Fluvoxamine can induce confusion in
the elderly (letter). J Clin Psychopharmacol 12:293, 1992

Willner P: Sensitization of dopamine D2- or D3-type receptors
as final common pathway in antidepressant drug action.
Clin Neuropharmacol 18 (suppl 1):S49–S56, 1995

Wragg RE, Jeste DV: Overview of depression and psychosis in
Alzheimer’s disease. Am J Psychiatry 146:577–587, 1989

Young RC, Mattis S, Alexopoulos GS, et al: Affective state, cog-
nitive performance, and plasma concentrations in elderly
depressives treated with nortriptyline, in Abstracts of the
29th meeting of the American College of Neuropsy-
chopharmacology, San Juan, Puerto Rico, 1990

Young RC, Mattis S, Alexopoulos GS, et al: Verbal memory and
plasma drug considerations in elderly depressives treated
with nortriptyline. Psychopharmacol Bull 27:291–294,
1991

Zubenko GS, Moossy J: Major depression in primary dementia:
clinical and neuropathologic correlates. Arch Neurol 45:
1182–1186, 1988

328 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



14
Late-Life–Onset Psychoses

Godfrey D. Pearlson, M.D.

Late-life–onset psychosis is a fascinating
but heterogeneous and insufficiently ex-

plored syndrome. To examine it objectively, one should
put aside commonly held notions, such as that most cases
of late-life–onset psychosis represent coarse brain disease
(e.g., Alzheimer’s disease or microvascular pathology) or
that early- and late-life–onset schizophrenia merely rep-
resent opposite tails of age distribution of the same syn-
drome.

Late-life–onset psychosis is a common condition, ac-
counting for up to 10% of admissions to psychiatric hospi-
tals for patients over age 60 (Bridge and Wyatt 1980a,
1980b; Kay and Roth 1961; Roth 1955; Siegel and Good-
man 1987). It is feasible that all psychoses, including
late-life–onset forms, represent a final common expression
of diverse etiopathologies. This diversity is likely to be es-
pecially marked in late-life–onset conditions, a viewpoint
argued by Holden (1987) and Post (1966). In part, this di-
versity may be related to a general increase in age-related
biological heterogeneity (Jeste and Caligiuri 1991), as well
as to the emergence in late life of several neurodegener-
ative disorders in which psychotic symptoms are common.

Late-life–onset psychosis is a disorder classically de-
fined on the basis of clinical phenomenology, but clinicians
also define cases, somewhat inconsistently, on the basis of
pathological entities (e.g., Alzheimer’s disease) and etio-

logical descriptions (e.g., amphetamine psychosis). Two
useful, but competing, approaches to defining the syn-
drome of late-life psychosis are 1) to cast the net broadly
(i.e., include all patients with onset of delusions and hallu-
cinations for the first time in late life) and 2) to examine a
more narrowly defined group of patients who have
late-life–onset delusions and hallucinations, but in the
clear absence of an affective syndrome, progressive cogni-
tive impairment, or obvious “organic” cause (i.e., as a result
of a discrete brain pathology). This more restricted syn-
drome is closer to what has been termed late-life–onset
schizophrenia, or late paraphrenia.

Depending on which of these approaches is chosen and
which age at onset is used, mixtures of patients will emerge
with differing etiopathologies, genetics, brain changes,
and responses to treatment (Jeste et al. 1988a, 1988b,
1991). The emergence of such heterogeneous patient mix-
tures is precisely what has occurred in studies of such pa-
tients, resulting in a lack of clarity. As late-life–onset psy-
chosis likely comprises a heterogeneous group of
etiopathologies, even the narrowly defined subgroup re-
ferred to above, which has been assumed by many to be
most similar to early-onset schizophrenia, may well exhibit
significantly more heterogeneity than would be found
among a comparable group of patients with early-onset
schizophrenia (Rabins and Pearlson 1994). (The full range
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of conditions commonly included under the broad um-
brella of “late-life–onset psychosis” is discussed in the sec-
tion “Diagnostic Diversity and Classification of Late-
Life–Onset Psychosis” below.)

Historical Background

Use of the term paraphrenia (or late paraphrenia) is poten-
tially problematic because of the weight of historical de-
bates dragged in its wake. Kraepelin (1919/1971) used the
former term to describe a group of chronic paranoid psy-
choses distinguished not by age at onset, but clinically by
preservation of personality with lack of long-term deterio-
ration and cross-sectionally by prominent elaborate delu-
sions and hallucinations occurring in clear consciousness.
Mayer (1921) followed up a large series of Kraepelin’s pa-
tients and demonstrated that deterioration occurred over
the long term in most such patients. The use of the term
paraphrenia was, therefore, deleted from the subsequent
edition of Kraepelin’s textbook (Kraepelin 1926). Both
Bleuler (1943) and Kraepelin (1903–1904) felt that late-
life–onset cases of schizophrenia closely resembled,
phenomenologically, more typical early-onset cases.

Roth revived and redefined the term in his descriptions
of patients with “late paraphrenia.” He studied elderly pa-
tients with vivid and paranoid delusions and multiple hallu-
cinations occurring in clear consciousness, with mainte-
nance of emotional responsiveness over time (Roth 1955;
Roth and Morrisey 1952). He demonstrated that the clini-
cal course of “late paraphrenia” was different from that of
both affective disorder and dementia with onset in late life
in its cross-sectional symptomatic presentation, response
to treatment, and outcome; in later studies (Tomlinson et
al. 1968), he demonstrated that it differed neuro-
pathologically from dementia. Patients with “senile psy-
choses” (mainly Alzheimer’s disease), delirious states, and
arteriosclerotic psychoses (presumably multi-infarct de-
mentia) showed a 30%–50% death rate at 6-month fol-
low-up. Patients with late paraphrenia, who constituted
approximately 10% of Roth’s total group of elderly, hospi-
talized psychotic patients, showed a 6-month follow-up
death rate of less than 5%.

Confusingly, though some authors have remained
faithful to Roth’s (1955) definition of late paraphrenia, oth-
ers have retained the term but significantly broadened the
concept to include patients with earlier onset (e.g., after
age 45) or all late-life–onset psychoses. Some have also re-
moved the qualifier “late,” further confounding the issue.

Epidemiology and Prevalence

In a review of the literature, Harris and Jeste (1988) esti-
mated that 13% of hospitalized patients with schizophre-
nia have onset of the syndrome in their 50s, 7% in their 60s,
and 3% in their 70s or later. Prevalence rates of late-
life–onset schizophrenia in previous studies are frequently
complicated by the unselected nature of the patient sam-
ples (see Harris and Jeste 1988). Social isolation and suspi-
ciousness associated with the syndrome may also tend to
minimize the true prevalence of the disorder. Reviews by
Almeida et al. (1994) and Naguib and Levy (1991) show
that prior epidemiological surveys of schizophrenia in the
elderly have mainly surveyed hospital samples. For exam-
ple, the studies of Roth and Morrisey (1952), Kay and Roth
(1961), and Blessed and Wilson (1982) showed that ap-
proximately 10% of elderly patients admitted to psychiat-
ric hospitals have a later-life–onset schizophrenic syn-
drome. A small number of community-based studies in the
United States and United Kingdom have depicted
late-life–onset schizophrenia rates varying from 1% to 4%
in elderly individuals. Holden’s study (1987) of a commu-
nity case register in the United Kingdom showed rates of
17–25 per 100,000 surveyed. Obviously, prevalence rates
vary depending on the inclusion or exclusion criteria,
perhaps most significantly the issue of possible organic
etiology.

Clinical Picture and Phenomenology:
Old Versus Young Patients With
Schizophrenia

The best documented clinical descriptions of patients with
late-life–onset schizophrenia remain the classic summaries
of Kay and Roth (1961). The phenomenology of late-
life–onset psychosis and its relationship to “classic” early-
onset cases have engendered debates for nearly a century.
As mentioned above, Kraepelin stated in the 7th edition of
his textbook (Kraepelin 1903–1904) that late-life–onset
schizophrenia “cannot be at all separated from juvenile
forms of schizophrenia” (p. 213). However, some contrasts
in phenomenological features and course between early-
and late-life–onset cases have also frequently been com-
mented on (e.g., Harris and Jeste 1988; Harris et al. 1988;
Kolle 1931; Mayer-Gross 1932; Pearlson et al. 1989).
Some of these differences are summarized in Table 14–1.

Phenomenologically, in cases of “late paraphrenia”
(i.e., more narrowly defined late-life–onset schizophren-
ia), persecutory delusions are the most common, but delu-
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sions of multiple types are often seen. Auditory hallucina-
tions are most commonly seen, but hallucinations in
multiple modalities are frequently reported, as are
Schneiderian first-rank symptoms (Marneros and Deister
1984; Pearlson et al. 1989). Thought disorder and negative
symptoms are relatively rare (Bleuler 1943; Castle and
Howard 1992; Pearlson and Rabins 1988; Pearlson et al.
1989).

Pathoplastic age-associated features can mold the
symptomatic expression. For example, “partition” delu-
sions (i.e., delusions that people, gas, electricity, or some
other force enters the patient’s home through the walls
[partitions] from a neighbor’s apartment), which are said to
be common in late-life–onset schizophrenia, can be influ-
enced in content rather than form by the isolation and
homeboundness commonly seen in elderly people. Castle
and Murray (1991) argued that the schizophrenia-like ill-
ness occurring for the first time in elderly people, predomi-
nantly women, represents a variant of affective disorder.
Although interesting (and further discussed in Chapter 13
in this volume), this assertion remains essentially un-
proven. However, few studies have contrasted patients
with late-life–onset schizophrenia with groups of patients
with affective disorder or with other relevant comparison
samples, such as patients with early-onset schizophrenia
who have grown old and young patients with early-onset
schizophrenia (some exceptions being Pearlson et al. 1989;
Rabins et al. 1984).

Until recently, clinical phenomenology has been the
major classificatory tool for schizophrenia researchers.
This limitation has put psychiatrists at a disadvantage

(comparable to that of cardiologists before electrocardio-
grams, chest X rays, nuclear medicine cardiac scans, and
enzyme studies). Interpreting reasons behind the
phenomenological differences between early- and late-
life–onset schizophrenia, especially the differences in
thought disorder and negative symptoms, is difficult. Is
this, for example, a completely different illness, the same
illness occurring in an older person, or only a case of similar
clinical abnormalities occurring in an older brain assailed
by neurodegenerative changes and mimicking what is most
usually a neurodevelopmental disorder? (After reviewing
further evidence, we attempt to address such questions in
the “Conclusions” section below.)

Diagnostic Diversity
and Classification of
Late-Life–Onset Psychosis

Scope of the Disorder

If, as noted at the beginning of this chapter, one uses a
broad definition of patients with late-life–onset psychosis,
the following mixture of patient groups is likely to be in-
cluded (Table 14–2):

1. Elderly patients with early-onset schizophrenia.
Such patients are frequently encountered, as schizo-
phrenia is not a fatal illness. Because it is unresolved
whether early- and late-life–onset cases represent
the same disorder, verification of age at onset must
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TABLE 14–1. Comparison of symptoms among young patients with early-onset, patients with
late-life–onset, and elderly patients with early-onset schizophrenia

Symptoms
Young patients with
early-onset schizophrenia

Patients with late-life–onset
schizophrenia

Elderly patients with
early-onset schizophrenia

Hallucinations 80% (Pearlson et al. 1989) Present in 94%; more vivid in
multiple modalities (Kay and
Roth 1961; Pearlson et al. 1989)

100% (Pearlson et al. 1989)

Delusions 69% (Pearlson et al. 1989) 98% (Pearlson et al. 1989), especially
persecutory (also Kay and Roth 1961)

100% (Pearlson et al. 1989)

Schneiderian first-rank
symptoms

50% (Pearlson et al. 1989) 35% (Pearlson et al. 1989); thought
insertion and withdrawal rarer than
that in early-onset schizophrenia
(Grahame 1984; Holden 1987)

41% (Pearlson et al. 1989)

Formal thought
disorder

52% (Pearlson et al. 1989) Rare (5.6%) (Pearlson et al. 1989);
similar (Bleuler 1943; Gabriel 1978;
Huber et al. 1975)

55% (Pearlson et al. 1989)

Negative symptoms 22% (Pearlson et al. 1989) Rarer (e.g., Bleuler 1943; Castle and
Howard 1992; Pearlson et al. 1989)

23% (Pearlson et al. 1989)



be carefully sought from available relatives or other
informants and by examination of prior medical
records.

2. Patients with late-life–onset schizophrenia
(“late paraphrenia”). As discussed at the beginning
of this chapter, nomenclature for this group has been
especially confusing. In general, the term late
paraphrenia (Roth 1955) has been applied to a more
circumscribed group consisting of patients who have
the onset in late life (i.e., over age 60) of a syndrome
that clinically closely resembles early-onset schizo-
phrenia. There is a long debate in the British litera-
ture (e.g., Almeida et al. 1992) between those
psychiatrists who view these patients as having
late-life–onset classic schizophrenia (e.g., Grahame
1984) and those who have emphasized its heteroge-
neity (e.g., Holden 1987). DSM-IV (American
Psychiatric Association 1994) omits age criteria for
schizophrenia onset.

3. Patients with paranoid psychoses without hallu-
cinations. Unlike those with late-life–onset schizo-
phrenia, in which hallucinations are vivid and often
in multiple modalities, these patients correspond to
those with “persistent delusional disorders” with late
onset, as described by DSM-IV, and to earlier de-
scriptions in the literature by researchers such as Kay
and Roth (1961) and Holden (1987). Anecdotally,
such patients do not later develop hallucinations, and
they tend to respond poorly to neuroleptic medica-
tions. If such is the case, this disorder seems rather
remote from late-life–onset schizophrenia.

4. Patients with psychotic affective symptoms. El-

derly patients with both affective symptoms and
mood-incongruent delusions and hallucinations are
often encountered (Kay et al. 1976). They corre-
spond to individuals with the late-life onset of psy-
chosis described as the “affective group” by Holden
(1987), and, as discussed in Chapter 12 in this vol-
ume, family history and phenomenology of prior ep-
isodes may aid differential diagnosis.

5. Patients with cerebrovascular disease. Classic
multi-infarct dementia is not infrequently accompa-
nied by psychotic symptoms. Cummings (1985) re-
ported that approximately 50% of patients with
multi-infarct dementia have delusions. We propose
below that the number of patients with “multi-infarct
disease” (see below) is significantly larger than previ-
ously estimated, with the larger prevalence now re-
vealed through the increasing clinical application of
magnetic resonance imaging (MRI) and single pho-
ton emission computed tomography (SPECT). It is
becoming clear that an unknown, but significant,
percentage of patients with late-life–onset psychosis
manifests imaging changes consistent with cerebro-
vascular disease, not necessarily accompanied by
cognitive deficits and hence not meeting criteria for
multi-infarct dementia. This finding accounts for
our use of the more inclusive term multi-infarct dis-
ease. Case series have been described by Miller et al.
(1991, 1992) and Lesser et al. (1992).

6. Patients with Alzheimer’s disease and psychotic
symptoms. Patients with Alzheimer’s disease often
manifest secondary delusions and hallucinations
(e.g., Rubin 1992). The patient described in Alzhei-
mer’s original case report had delusional beliefs. The
characteristics of hallucinating and delusional pa-
tients with Alzheimer’s disease have been described
in review articles by Wragg and Jeste (1989) and
Burns et al. (1990a, 1990b). Delusions in Alzheimer’s
disease tend to be rather fragmentary and
impersistent. Careful follow-up of all patients with
late-life–onset psychosis is therefore necessary to
identify those with emerging dementia syndromes.

7. Patients with psychoses of miscellaneous causes
with and without defined neuropathology. Cere-
bral infections (Chapter 30), tumors (Chapter 30),
Parkinson’s disease (Chapter 26), stroke (Chapter
27), head injury (Chapter 28, all in this volume), and
other causes can all be associated with late-life emer-
gence of hallucinations and delusions in clear con-
sciousness (e.g., Signer 1992). Delirious and toxic
states (e.g., anticholinergic delirium, alcohol with-
drawal, hypothyroidism, and amphetamine psycho-
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TABLE 14–2. Groups included in a broad
classification of patients with
late-life–onset psychosis

Elderly patients with early-onset schizophrenia
Patients with late-life–onset schizophrenia

(“late paraphrenia”)
Patients with paranoid psychoses without hallucinations
Patients with psychotic affective disorder
Patients with cerebrovascular disease:

Classic multi-infarct dementia with psychotic symptoms
“Multi-infarct disease”

Patients with Alzheimer’s disease with psychotic symptoms
Patients with psychoses of miscellaneous causes with and

without defined neuropathology
Patients in delirious and toxic states
Patients with extremes of paranoid or schizoid personality

types



sis) can manifest with similar symptomatology.
Finally, extremes of paranoid or schizoid personality types
(Chapter 20 in this volume) (e.g., those described by
Post [1966] and Holden [1987]) can be mistaken for
cases of late-life–onset psychosis if only cross-
sectional information is available.

A Classificatory and
Investigational Scheme

With so many possible syndromes encompassing diverse
etiopathologies, yet sharing common clinical features, it is
clear that prior studies have often been alluding to diverse
patient groups. We (Rabins and Pearlson 1994) have used a
multiaxial approach to classification using genetics, epide-
miology, risk factors, phenomenology, course, treatment
response, neuropathology, and biological markers. To
evaluate patients thoroughly, to proceed from a common
reference point, and to rule out other diagnoses, for a par-
ticular patient the information in Table 14–3 should ideally
be gathered.

Risk Factors for
Late-Life–Onset Schizophrenia

As shown in many review articles (Almeida et al. 1994; Har-
ris and Jeste 1988; Pearlson and Rabins 1988; Pearlson et
al. 1989), multiple risk factors associated with more nar-
rowly defined late-life–onset schizophrenia have been
enumerated (Table 14–4).

Genetic Factors

As regards family history of schizophrenia, Kay (1972)
showed that the percentage of affected first-degree rela-
tives for patients with late-life–onset schizophrenia (3.4%)
was intermediate between that of patients with early-onset
schizophrenia (5.8%) and that of the known risk (1%) in
the general population. As reviewed by Castle and Howard
(1992) and by us (Pearlson and Rabins 1988), the assess-
ment of family history rates presents problems, however.
Prior studies have often not used standardized instruments
such as family history, research diagnostic criteria, or strat-
egies such as an adoption study design. Informants for
late-life–onset diseases are often dead or unavailable and
potential cases who are relatives may have died before the
age of clinical risk, if the illness “breeds true” as has been
suggested by some authors. The evidence overall is consis-
tent with the notion that late-life–onset psychosis may be
partly genetically determined; however, much remains to
be clarified. This issue will be settled only when risk genes
for schizophrenia are discovered.

Gender

Female gender appears to be a very robust risk factor, even
when the relative excess of older women is corrected for.
The excess of women patients in late-life–onset cases has
variously been reported as 6- to 20-fold (Herbert and Ja-
cobson 1967; Kay and Roth 1961). Although some authors
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TABLE 14–3. Information (both clinical and
laboratory) to be gathered in cases
of late-life–onset psychosis

Family history (e.g., of early- or late-onset schizophrenia,
affective disorder, and Alzheimer’s disease)

Complete psychiatric history (especially prior affective
episodes)

Medical history, including history of stroke and transient
ischemic attacks, and an assessment of vascular risk factors,
using standardized instruments

Premorbid level of functioning and intelligence
Premorbid personality
Current medications
Current detailed cognitive functioning
Current social supports
Sensory screening examination
History of present illness, especially age at onset of psychosis,

relative to other known comorbid states (e.g., Alzheimer’s
disease)

Complete physical and neurological examination
Routine laboratory tests for reversible causes of dementia

(e.g., B12 and folate levels and syphilis serology)
Standardized neuroimaging studies, especially magnetic

resonance imaging (MRI) and single photon emission
computed tomography (SPECT), both to rule out coarse
brain disease (e.g., obvious strokes and tumors) and to assess
extent of nonspecific changes (e.g., subcortical white matter
hyperintensities)

TABLE 14–4. Risk factors associated with
late-life–onset schizophrenia

Family history of schizophrenia
Female gender
Sensory deficits (primarily auditory and visual)
Social isolation
Abnormal premorbid personality
Never married/no children
Human leukocyte antigen (HLA) subtypes
Lower social class



(e.g., Pearlson and Rabins 1988) believe that this gender ef-
fect represents a shift in the female incidence of schizo-
phrenia to late life (Lewine 1981, 1985), others (e.g., Castle
and Murray 1991) have argued otherwise. Similar changes
in gender preponderance are not seen with early versus
late-life affective disorder (e.g., Weisman 1987).

Wong et al. (1984), using positron-emission tomogra-
phy (PET) to measure dopamine, subtype 2 (D2), recep-
tors, showed age-related decreases in the estimated num-
ber of D2 receptors, in agreement with postmortem studies
(e.g., Seeman et al. 1987) (also see Chapter 10 in this vol-
ume). These PET data suggested that physically and men-
tally healthy men possess more D2 receptors but lose them
at an accelerated rate with normal aging, compared with
that of women. Hence, older women are left with a relative
excess of D2 receptors compared with that of men of the
same age. If, as some (e.g., Pearlson and Coyle 1983) have
suggested, schizophrenia is indeed related to an excess of
D2 receptors, the relative excess of D2 receptors in young
men and in elderly women may explain the classic
age-related gender expression differences for schizophre-
nia (i.e., that schizophrenia is usually expressed by men at a
significantly earlier age than it is by women). Seeman
(1981, 1986) has speculated that estrogens have “neuro-
leptic-like” or neuroprotective effects on D2 receptors,
which would be lost after menopause. A PET study
(Pearlson et al. 1993) offered preliminary support for D2

receptor increases in late-life–onset schizophrenia.

Sensory Deficits

Sensory deficits, especially auditory and visual declines,
which are more common in late life, have been reported in
many studies to be a relative risk factor for late-life–onset
schizophrenia. Cataracts and conductive deafness are the
most common causes. Findings related to sensory deficits
have been reported by multiple authors (e.g., Cooper and
Porter 1976; Cooper et al. 1974; Naguib and Levy 1987;
Pearlson et al. 1989; Post 1966). Conductive deafness
seems to be a risk factor rather specific to late-life–onset
schizophrenia, with prevalence being significantly higher
than that in patients with late-life–onset affective disorder
(e.g., Cooper et al. 1974). Some authors (e.g., Eastwood et
al. 1981) have stated that, among the hearing impaired,
psychotic symptoms respond favorably to treatment of the
deafness. As reviewed by us (Pearlson and Rabins 1988),
sensory impairment can be associated with reduced social
contact and lead plausibly, therefore, to social isolation,
suspiciousness, and liability to misinterpret environmental
events. In an individual who is already predisposed to de-
velop late-life–onset schizophrenia, sensory impairment

may therefore encourage symptom formation. Sensory
deficits may thus in part account for the higher rates of so-
cial isolation reported in patients with late-life–onset
schizophrenia. Kay and Roth (1961) reported sensory im-
pairment rates three times higher among patients with
late-life–onset schizophrenia than rates among elderly pa-
tients with affective disorder.

Premorbid Personality

Another factor undoubtedly contributing to social isola-
tion is the abnormal premorbid personality (mainly para-
noid or schizoid) identified by multiple researchers as pre-
ceding late-life–onset psychosis (Herbert and Jacobson
1967; Kay 1972; Kay and Roth 1961; Pearlson et al. 1989;
Post 1966). Kay and Roth (1961) and Post (1966), but not
our group (Pearlson et al. 1989), found that women with
late-life–onset schizophrenia were significantly more
likely to have never married or had children. This observa-
tion has been reported less often in United States studies. If
the finding is valid, low marriage rates may be related to the
abnormal premorbid personalities seen in such patients.

It remains to be determined whether the abnormal
premorbid personality traits described in late-life–onset
schizophrenia represent a forme fruste of a schizophrenic
disorder of a long-standing nature, significantly predating
emergence of overt clinical symptoms, or a “risk factor” as
classically understood. Other, miscellaneous factors have
been explored, such as association with human leukocyte
antigens (Naguib et al. 1987). Post (1966) showed that
many patients with late-life–onset schizophrenia tended to
have lower socioeconomic status premorbidly.

Brain Changes in
Late-Life–Onset Psychosis

Compared with their respectively age-matched healthy
control groups, individuals with late-life–onset psychosis
have a significantly higher prevalence of identifiable brain
abnormalities than do young individuals with similar
symptoms (Miller et al. 1991). This observation is a rather
general one, however. Many patients with late-life–onset
psychosis do not have a specific lesion or an etiology for
their brain change, and lesions reported in many studies do
not share common localization or represent a single
well-defined pathology. The reported prevalence of such
brain changes varies, as might be expected for such a heter-
ogeneous syndrome as late-life–onset psychosis. Some
studies have carefully excluded all patients with probable
organic pathology (e.g., Krull et al. 1991; Naguib and Levy
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1987). Such series of screened patients have generally re-
ported a smaller number of nonspecific brain changes (e.g.,
white matter hyperintensities) on MRI scans. Others
(Lesser et al. 1989, 1992; Miller et al. 1992) included cases
of probable vascular dementia. Nevertheless, given the above
caveat, new and potentially important information has
emerged from structural and functional brain imaging study
of patients with late-life–onset psychosis (Table 14–5). It is
clear thatdemonstrablyalteredbrainstructureor function isa
predisposing factor in a proportion of such cases and that this
proportion is higher than was suspected before modern
neuroimaging methods became available. Reported changes
fall into three broad categories: global structural changes,
white matter hyperintensities on MRI, and cerebral blood
flow changes documented on SPECT scans.

Structural Changes
Several studies have demonstrated increased ventricu-
lar-to-brain ratio (VBR) in patients with late-life–onset

schizophrenia compared with that in age-matched psychi-
atrically healthy control subjects. For computed tomogra-
phy (CT), such studies include Burns et al. (1989), Naguib
and Levy (1987), Rabins et al. (1987), and ourselves
(Pearlson et al. 1987). Howard et al. (1992a, 1992b) found
lateral VBR (as well as third ventricular changes) to be no
different from that for control subjects. Rabins et al.
(1987) found patients with late-life–onset schizophrenia
to have VBRs greater than those of control subjects, but
smaller than those of patients with Alzheimer’s disease
with psychotic symptoms. Similarly, Krull et al. (1991),
assessing VBRs on MRI scans, found values in late-
life–onset schizophrenia to be intermediate between
those of control subjects and patients with Alzheimer’s
disease. Howard et al. (1992a; see also Almeida et al.
1992) found patients with late-life–onset schizophrenia
without Schneiderian first-rank symptoms to have ven-
tricular and sulcal enlargement more comparable to that
seen in patients with Alzheimer’s disease; in contrast,
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TABLE 14–5. Structural and functional abnormalities reported in early-onset and late-life–onset psychosis
patients

Abnormality
Patients with early-onset
schizophrenia

Patients with late-life–onset
schizophrenia

Patients with late-life–onset
depression

Increased ventricular/brain
ratio on CT or MRI

Johnstone et al. 1976;
Pearlson et al. 1987;
Weinberger et al. 1979

Howard et al. 1992a, 1992b,
1994; Naguib and Levy 1987;
Rabins et al. 1987

Pearlson et al. 1987;
Rabins et al. 1991

Third ventricular
enlargement

Boronow et al. 1985 Howard et al. 1994;
Pearlson et al. 1989

White matter abnormalities
on MRI

Breitner et al. 1990;
Flint et al. 1991;
Kohlmeyer 1988;
Miller et al. 1986, 1989 (not
Howard et al. 1995b;
Krull et al. 1991; or
Symonds et al. 1997)

Coffey et al. 1989, 1990;
Krishnan et al. 1988;
Zubenko et al. 1990

Cortical atrophy on CT or
MRI

Gur et al. 1991;
Pfefferbaum et al. 1988

Howard et al. 1992a, 1992b
(not Burns et al. 1989;
Pearlson et al. 1993 [as CSF %])

Pearlson et al. 1987

Smaller superior temporal
gyrus

Barta et al. 1990;
Shenton et al. 1992

Barta et al. 1997
(not Howard et al. 1995a)

Blood flow abnormalities
on SPECT

Gur et al. 1985;
Matthew et al. 1988

Miller et al. 1992

Increased dopamine,
subtype 2, receptor Bmax
on PET

Wong et al. 1986a, 1986b,
1986c

Pearlson et al. 1993

rCBF abnormalities during
provocative tasks

Weinberger et al. 1988

Note. Bmax = measure of receptor density; CSF = cerebrospinal fluid; CT = computed tomography; MRI = magnetic resonance imaging;
PET = positron-emission tomography; rCBF = regional cerebral blood flow; SPECT = single photon emission computed tomography.



patients with late-life–onset schizophrenia with first-
rank symptoms were more comparable to elderly control
subjects.

MRI studies in general have been less convincing than
those of CT in showing ventricular enlargement in sub-
jects with late-life–onset psychosis. For example, Miller et
al. (1991) found no differences between patients and con-
trol subjects; we reported a similar finding (Pearlson et al.
1991). We (Pearlson et al. 1993) also reported significant
third ventricular enlargement in late-life–onset psychosis
in an MRI study, whereas Burns et al. (1989) found no corti-
cal atrophy compared with that in control subjects using
CT. Table 14–5 lists other abnormalities noted in early-
and late-life–onset schizophrenia. Overall, there is some
evidence for moderate cortical and subcortical changes in
late-life–onset psychosis, but less so for patients with “late
paraphrenia” and in MRI studies. These latter emphasize
the heterogeneity of late-life psychoses (e.g., see Howard
et al. 1995a).

Several studies report an excess of white matter abnor-
malities or unidentified bright objects (UBOs) in patients with
late-life–onset schizophrenia compared with that found in
psychiatrically healthy control subjects (Figure 14–1).
Such studies include Miller et al. (1986), Miller and Lesser
(1988), Breitner et al. (1990), Lesser et al. (1991, 1992), and
Miller et al. (1991), but not other workers (Table 14–5). Al-
though some suggestions of localized patterns have been
reported in such studies, a general review of the changes re-
ported (including periventricular white matter hyper-

intensities, probable subcortical vascular lesions, and white
matter hyperintensities) does not convince one that they
are either uniform in nature or clearly localized to particu-
lar brain regions.

For example, Breitner et al. (1990) reported on 8 pa-
tients with late-life–onset paranoia, all of whom had sig-
nificant white matter hyperintensities and 7 of whom
had vascular lesions in pons or basal ganglia. Lesser et al.
(1992) reported that 6 of 12 geriatric patients with
DSM-III-R psychotic disorder not otherwise specified
(American Psychiatric Association 1987) had large con-
fluent white matter lesions. Miller et al. (1991) examined
24 patients with late-life–onset psychosis. Temporal
lobe white matter hyperintensities occurred six times
more frequently among these patients than in control
subjects, whereas frontal and occipital hyperintensities
were found four times more frequently. Significant ex-
cess of basal ganglia and cortical abnormalities was also
reported in these subjects. Flint et al. (1991) examined 16
patients with late-life–onset paranoia or paraphrenia.
Five of the 16 subjects had “silent cerebral infarction,”
especially those with paranoia (i.e., delusional patients
without hallucinations). Krull et al. (1991) carefully
screened their population of 11 patients with late-
life–onset psychosis to attempt to eliminate those most
likely to have a diagnosis of organic cerebral disorder. In
9 remaining patients, they found no increase in white
matter disease compared with patients with Alzheimer’s
disease or psychiatrically healthy control subjects.

336 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

FIGURE 14–1. T2-weighted 5-mm axial magnetic resonance images of a 71-year-old woman with first onset of schizophrenic
syndrome at age 69 (panel A: widest portion of lateral ventricles; panel B: centrum semiovale). Periventricular, subcortical, and
cortical hyperintensities are visible. Ventricular enlargement is also evident (in panel A).



Howard et al. (1995b) pursued a similar screening strat-
egy and also found no excess of white matter hyper-
intensities.

Functional Changes

Single photon emission computed tomography
cerebral blood flow studies. Several SPECT
studies now agree in showing a relative excess of multiple
areas of reduced cerebral blood flow in patients with late-
life–onset psychosis. For example, in a diagnostically
mixed group of such patients, Lesser et al. (1993) showed
that approximately 75% had SPECT scan abnormalities of
this type. Miller et al. (1992) also demonstrated cerebral
blood flow abnormalities suggestive of cerebrovascular
disease in a proportion of patients with late-life–onset
psychosis. Further, 83% of the patients with late-life–onset
psychosis versus 27% of the control subjects had one or
more small temporal or frontal areas of hypoperfusion.

Positron-emission tomography neuroreceptor
studies. We (Pearlson et al. 1993) compared 13
neuroleptic-naive patients with late-life–onset schizo-
phrenia (clinical onset after age 55) to 17 control subjects.
Two PET scans were obtained in each subject to estimate
caudate D2 receptor density using the method previously
described by Wong et al. (1986a, 1986b, 1986c). The sec-
ond scan was preceded by the administration of unlabeled
haloperidol to demonstrate binding under conditions of D2

receptor blockade (Figure 14–2), and D2 receptor Bmax

(receptor density) values were calculated using a four-
compartment model.

To account for variation in Bmax values with age and
gender (the control subjects were younger), a regression
equation was calculated in the control subjects, and a pre-
dicted Bmax based on the control regression equation was
then computed for each subject with schizophrenia. Resid-
ual values were then determined by subtraction of the ob-
served Bmax minus the predicted Bmax. Standardized residual
Bmax values for subjects with schizophrenia showed signifi-
cant increases from zero, suggesting that Bmax values were
elevated in this group of subjects with schizophrenia, even
when age and gender were taken into account. This finding
is similar to reports of elevated Bmax values for D2 receptors
in drug-naive patients with early-onset schizophrenia re-
ported by the same group using the same method (Wong et
al. 1986a), although not by others using a different method
(Farde et al. 1987).

Caveats come with many of the above neuroimaging
studies. First, a proportion of patients in many of the re-
ports had clinical evidence of cerebrovascular disease and

would unequivocally be diagnosed as having organic psy-
chiatric syndromes. The Flint et al. (1991) and Miller et al.
(1986) studies in fact identified a proportion of patients
whose stroke was first diagnosed by the neuroimaging
studies. Many of the changes described in the structural
and blood flow studies above are nonspecific—in the sense
of being unlocalized in the brain and occurring in associa-
tion with other late-life disorders, such as late-life–onset
depression (e.g., Coffey et al. 1990)—and are not clearly as-
sociated with a particular neuropathology. Most of the re-
ported series are small, and usually there was no follow-up
to determine whether or not these patients later clini-
cally expressed dementia syndromes. Neuropatho-
logical confirmation was lacking for most of the cases
scanned. Patients with late-life–onset psychosis in the
studies reviewed generally represent an unselected se-
ries, possibly representing a referral bias in which more
cases are likely to have organic factors. Most of the imag-
ing carried out has been semiquantitative or non-
quantitative. Samples have generally been diagnostically
heterogeneous, including not only patients with late-
life-onset schizophrenia but also those with late-life-
onset delusional disorder and late-life–onset psychosis
not otherwise specified, and control subjects have not al-
ways been appropriately screened or matched to patients
on age, gender, race, IQ, or community of origin. Never-
theless, much useful information is emerging, and study
designs are gradually improving.

Neuropathology

Tomlinson et al. (1968) found no excess of plaques and tan-
gles at autopsy in patients with late-life–onset schizophre-
nia compared with age-matched control subjects. Kay and
Roth (1961) found limited cerebral lesions (mainly consist-
ing of small strokes) in a percentage of patients with
late-life–onset schizophrenia. These researchers inter-
preted these lesions as having often been present years be-
fore the onset of psychotic symptoms. This interpretation
contrasts with the studies of Bleuler (1943) who found ce-
rebral lesions in a proportion of patients with late-life–on-
set schizophrenia, lesions that he believed had appeared
years after the onset of the psychotic symptoms. This vas-
cular neuropathology, however, is in accord with several
neuroimaging studies (Flint et al. 1991; Holden 1987;
Miller et al. 1986) that have reported on association be-
tween stroke and the onset of psychotic symptoms in el-
derly patients. Such cases appear to be associated with mild
cognitive loss, a greater propensity to manifesting visual
hallucinations, fewer overall hallucinations, and fewer
schneiderian first-rank symptoms and are thus less typi-
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cally “schizophrenic.” Overall, neuropathological studies
are few, and clear conclusions are hard to draw. Imaging
studies and neuropathology suggest a role for cerebro-
vascular disease in some patients—a theme expanded in the
“Conclusions” section below.

Neuropsychological Testing in
Late-Life–Onset Psychosis

Miller et al. (1991) compared 21 patients with late-life–on-
set psychosis (over age 45) with an equal number of individ-
ually matched (on education, age, and gender) psychiatri-
cally healthy control subjects. The patients showed an
overall decrement in cognitive functioning. After correc-
tion for multiple comparisons, several frontal measures
and a verbal memory task showed significant impairment
of the patients. The authors felt that this pattern was simi-
lar to that identified by previous researchers in early-onset

schizophrenia. Naguib and Levy (1987) tested 43 subjects
with late-onset paraphrenia and found cognitive differ-
ences from psychiatrically healthy control subjects. These
patients were later followed by Hymas et al. (1989), who
tested 42 patients with “late paraphrenia” and attempted to
exclude those with obvious early dementias. Mild neuro-
psychological deficits were present at the onset of illness
and tended to progress somewhat with time, but not to
frank dementia.

Overall, patients seen in our own clinic tend to be
poorly educated and from rural backgrounds, with low av-
erage estimated premorbid IQ. It is especially hard in such
cases to document deterioration from an uncertain but low
premorbid level of functioning. Our review of the litera-
ture suggests that patients with late-life–onset psychosis
tend to perform worse on standardized tests than do
matched control subjects, but if patients with obvious or-
ganic factors are excluded, the remaining patients do not
have obvious dementia and most do not develop
diagnosable dementing illnesses at follow-up.
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FIGURE 14–2. Transaxial positron-emission tomography (PET) images through basal ganglia in a never-medicated patient
with late-life–onset schizophrenia (paraphrenia). Panel A: Uptake before blockade with oral neuroleptic, with high basal ganglia
uptake relative to cortex. Panel B: A second scan in same subject, taken 4 hours after pretreatment with unlabeled oral
haloperidol. Dopamine, subtype 2 (D2), receptors are blocked by the cold ligand, revealing consequently lower basal ganglia
activity. C-11 NMSP = carbon-11 labeled N-methyl spiperone, a PET receptor ligand.
Source. Photograph courtesy of D. Wong, Department of Radiology, Johns Hopkins University, Baltimore, Maryland.



Diagnosis, Treatment, and
Treatment Response

Diagnosis

Differential diagnosis needs first to be reviewed. Our own
experience is similar to that of Webster and Grossberg
(1998). Those authors retrospectively evaluated the etiol-
ogy and clinical findings of patients with first manifesta-
tions of psychotic symptoms (mostly delusions and halluci-
nations), arising after the age of 65 in more than 1,700
consecutive admissions to an inpatient psychogeriatric
unit. Nearly 10% had late-life–onset psychotic symptoms,
of which Alzheimer’s disease was the most common cause,
followed by major depression, medical or toxic causes or
delirium, bipolar disorder, delusional disorder, schizo-
phrenia, and schizoaffective disorder.

The differential diagnosis of psychotic symptoms oc-
curring in late life begins with history and current
symptomatology. When was the first onset of psychotic
symptoms? Have they been present for many years or
emerged only recently? Age at onset may have to be veri-
fied from old records and informants other than the pa-
tient. This information will, for example, help distinguish
between late-life–onset and persisting early-life–onset
schizophrenia. Next, determine what additional symptoms
are occurring with the hallucinations and delusions. As
schizophrenia at any age is always a diagnosis of exclusion,
dementia, delirium, and affective disorder are the most
important common primary neuropsychiatric entities to
consider. Structural brain imaging is helpful to rule out
coarse brain disease (e.g., stroke, tumors, bleeds, multiple
sclerosis).

A useful rule is to consider the overall symptomatic
context in which the psychotic symptoms occur. For exam-
ple, are the psychotic symptoms present as the accompani-
ment to a dementing illness (see Gormley and Rizwan
1998)? Assessing current cognitive function and an esti-
mate of premorbid ability (for the latter, using an instru-
ment such as the National Adult Reading Test [NART,
Blaine and Spreen 1989]) are helpful. It is also profitable to
see whether cognitive impairment, if it exists, fits a typical
pattern, for example, that of a cortical dementia. If clear
cognitive decline has taken place, then an appropriate diag-
nostic work-up must be pursued (see Chapters 23 and 24 in
this volume). Blood tests (e.g., Venereal Disease Research
Laboratory [VDRL] test) are taken to rule out treatable
causes of dementia, and other procedures (e.g., SPECT,
apolipoprotein E subtyping) may be useful to help confirm
a particular diagnosis. The presence of concomitant affec-

tive disorder symptoms must be assessed (refer to Chapter
13 in this volume). Are there clear-cut primary changes in
mood, self-attitude, vital sense, or vegetative symptoms?

Is there a change in the patient’s level of consciousness?
A typical waxing and waning course with an abnormal, vari-
able level of consciousness (refer to Chapter 19 in this vol-
ume) may be seen. If so, typical electroencephalogram dis-
turbances may be detectable. Does the patient have marked
extrapyramidal symptoms in the absence of current or
prior treatment with neuroleptic drugs? If so, this may rep-
resent psychotic symptoms either occurring spontane-
ously in untreated Lewy body dementia or Parkinson’s dis-
ease or secondary to L-dopa or carbidopa treatment in
Parkinson’s disease.

Treatment

Recent reviews of treatment of late-life–onset psychosis
are to be found in Zayas and Grossberg (1998) and Mazure
et al. (1998). Elderly cases of early-onset schizophrenia
should be treated as for the late-life–onset disorder, that is,
with a typical or atypical neuroleptic. Psychosis occurring
in the context of a dementing illness involves both the
treatment of the primary dementia (see Chapter 24 in this
volume), for example, an acetylcholinesterase inhibitor for
Alzheimer’s disease (see Raskind 1997), which may help
ameliorate the psychotic as well as the cognitive symptoms.
The physician should generally avoid prescribing neuro-
leptics with marked anticholinergic side effects, for exam-
ple, chlorpromazine, as these may exacerbate cognitive
symptoms and increase risk for delirium. “Classic” high-
potency neuroleptics such as haloperidol or fluphenazine
are more likely to be associated with extrapyramidal side ef-
fects (EPS) and tardive dyskinesia in individuals with de-
mentia. EPS in turn may lead to the need for treatment
with undesirable anticholinergic compounds. There is
thus an argument for atypical neuroleptic drugs as the com-
pounds of choice for psychosis occurring in a dementing
illness. Risperidone is the best documented of the atypical
neuroleptics for this use (e.g., see Citrome 1997; Lavretsky
and Sultzer 1998).

If the patient is suffering from a primary depressive ill-
ness, selective serotonin reuptake inhibitors are equally ef-
fective as classic tricyclic antidepressants (see Chapter 13 in
this volume), with the advantage of fewer cardiac side ef-
fects and more safety in the case of overdose, both of which
are important considerations in older patients. Psychotic
affective symptoms may in some cases need to be treated
with a neuroleptic drug in addition to the antidepressant. If
so, atypical neuroleptic compounds may be preferable, for
reasons cited above. Electroconvulsive therapy is also use-
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ful in patients with psychotic depressive symptoms (see
Chapter 35 in this volume).

When a patient suffers from psychotic symptoms in
the context of a delirious state, then the primary cause of
the delirium must be addressed (see Chapter 19 in this vol-
ume). If neuroleptics need to be added for short-term be-
havioral control, then use the principles outlined for Alz-
heimer’s disease above.

Psychotic symptoms in idiopathic Parkinson’s disease
that are a result of secondary effects of treatment of the Par-
kinson’s disease are most often seen with L-dopa/carbidopa
combinations and less likely to be seen with dopamine ago-
nist treatments. Treatment with classic neuroleptic com-
pounds will likely exacerbate parkinsonian symptoms.
Some authors have advised treatment with ondansetron
hydrochloride (Zofran), to avoid worsening EPS (Eichlorn
et al. 1996; Zoldan et al. 1995); however, this medication is
very expensive. Others (e.g., Friedman 1999) suggest treat-
ment with clozapine; but clozapine is anticholinergic and
entails weekly monitoring of white blood cell counts.
Treatment with clozapine in the context of Parkinson’s dis-
ease can still lead to exacerbations of parkinsonian symp-
toms (e.g., Wolters et al. 1990), as noted in the only pla-
cebo-controlled trial. Olanzapine may also be helpful
(Wolters et al. 1996), as may risperidone (Workman et al.
1997), but both of these drugs, especially the latter, can still
exacerbate the Parkinson’s disease (although the risk is less
than for high-potency dopamine D2 receptor–blocking
compounds). Note that remarkably few double-blind
treatment trials of neuroleptics for psychotic symptoms
appear in the above conditions (Rummans et al., in press).

Treatment of classic late-life–onset schizophrenia with
“classic”neuroleptics suchashaloperidoloffers theadvantage
that these compounds are much cheaper. Disadvantages are
the relatively greater frequency of EPS and a likely greater
long-term risk of tardive dyskinesia. The usual caveats also
apply to the older, high-potency D2 receptor–blocking drugs,
as well as to those with anticholinergic side effects; that is, in
the elderly they are likely to exacerbate glaucoma and benign
prostatic hypertrophy and have secondary effects on blood
pressure that may increase the risk of falls. Double-blind pla-
cebo-controlled trials to demonstrate efficacy of atypical
neuroleptics in late-life–onset schizophrenia are needed.
Potential (if unproven) advantages of these drugs include
likely fewer EPS and less ultimate risk of tardive dyskinesia,
although EPS can certainly still occur with these medi-
cines. Disadvantages include expense, although patient as-
sistance programs from most pharmaceutical manufactur-
ers are now available for indigent patients. The usual adage
of “start low, go slow, but continue” in older people applies
to all treatment groups.

The mainstay of treatment of late-life–onset psychosis
has been neuroleptic medication, but the patient’s lack of
insight into illness and patient suspiciousness can result in
variable medication compliance. Patients with late-life-
onset psychosis tend not to seek treatment. The psychia-
trist is often involved late in the illness, offering treatment
to an uncooperative patient (e.g., see Almeida et al. 1994;
Post 1984). As might be expected, medication compliance,
depot medication, and use of a community psychiatric
nurse for outpatients all favorably affect treatment re-
sponse (Howard and Levy 1992).

Although well-organized, double-blind crossover
treatment trials are scarce, several open trials of neuro-
leptics have shown substantial improvement in a subgroup
of patients with well-characterized, late-life–onset psycho-
sis. Four studies over a 25-year period are summarized in
Table 14–6.

Clinical improvement overall seems most likely to oc-
cur in patients with late-life–onset psychosis whose phe-
nomenology most resembles that of early-onset schizo-
phrenia. We (Pearlson et al. 1989) found that patients with
poor medication response tend to be characterized by
schizoid premorbid traits; we also found no effect on re-
sponse of presence of first-rank symptoms, positive family
history of schizophrenia, or gender. Holden (1987) found
that patients with poor clinical response were character-
ized by an absence of auditory hallucinations or affective
features. This finding is similar to the situation in younger
people with schizophrenia in which florid hallucinations,
prominent affective features, and an acute onset (especially
if associated with some precipitating event) are all associ-
ated with a good prognosis. Flint et al. (1991) similarly
found patients with paranoid delusions alone to respond
poorly to neuroleptic agents.

Although both early- and late-life-onset schizophren-
ia tend to respond to neuroleptics with amelioration of pos-
itive symptoms, factors affecting interpretation of studies
in patients with late-life–onset illness include differential
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TABLE 14–6. Results of neuroleptic treatment in
late-life–onset psychosis

Study
Complete
remission

Partial
remission

No
improvement

N
patients

Post 1966 60.5% 31% 8.5% 71
Rabins

et al. 1984
57% 28.5% 14.5% 34

Pearlson
et al. 1989

48% 28% 24% 54

Howard and
Levy 1992

27% 31% 42% 64



symptom patterns in late-onset versus early-onset forms of
schizophrenia and different pharmacodynamics in young
versus old patients. Treatment with neuroleptic medica-
tions in elderly patients must be tempered by knowledge of
differential responsiveness, which depends in part on
age-related changes in body size and composition (e.g., in-
creased proportion of adipose tissue and decreased renal
function) (for a review, see Tran-Johnson et al. 1992; also
see Chapter 34 in this volume). There are also pharma-
cokinetic changes (e.g., trend for higher plasma neuro-
leptic levels at same doses compared with that for younger
patients) and pharmacodynamic changes, including in-
creased sensitivity to therapeutic and toxic effects (possibly
as a result of altered density and affinity of relevant cerebral
receptors) (see Branchey et al. 1978). Overall, many pa-
tients with late-onset psychosis are adequately treated with
very low drug doses. The differential side-effect profile of
older patients includes higher risk of tardive dyskinesia,
falls, anticholinergic side effects with low-potency neuro-
leptics (including delirium, worsening of glaucoma, car-
diac abnormalities, and urinary outflow obstructions), and
worsening of preexisting parkinsonian syndromes. Knowl-
edge of individual patients’ existing medical illness and
other medications is therefore necessary (Table 14–2).
Treatment with newer atypical agents (risperidone,
olanzapine, quetiapine) may be preferable.

Course and Prognosis

Although more long-term follow-up studies are still
needed, investigators agree that the course of late-life–on-
set schizophrenia is a chronic one (Herbert and Jacobson
1967; Kay and Roth 1961). Fish (1960) emphasized the
poor prognosis of the condition, but Roth (1955) offered
more optimism, stating that mortality was much less than
that in patients of comparable ages who had dementia or
depression. It is clear, however, that some patients with
late-life–onset psychosis do develop dementia. This out-
come is to be expected in any elderly population; the key
fact is whether the proportion exceeds that predicted.
Again, because heterogeneous samples have been followed
in many studies, the relative proportions of subjects with
clear-cut dementing illnesses initially presenting with psy-
chotic symptoms are unknown.

Based on chart review only, Kay and Roth (1961) found
that 12% of their patients with late-life–onset paraphrenia
had developed dementing illnesses at 10-year follow-up.
Holden (1987) found that 35% of his patient group had de-
mentia at 3-year follow-up. Craig and Bregman (1988) fol-
lowed a select group of patients with treatment-resistant,

late-life–onset psychosis and found that 10 of 15 had de-
mentia. Lesser et al. (1989) and Miller et al. (1991) found
that, as a group, their 24 patients with late-life–onset psy-
chosis had mild cognitive abnormalities when initially
evaluated; on follow-up, many of these patients had devel-
oped classic dementia syndromes such as Alzheimer’s or
Pick’s disease. Finally, Hymas et al. (1989) found that
nearly half of their 42 patients with late-life–onset psycho-
sis showed evidence of cognitive decline at 4-year fol-
low-up, especially those with low cognitive scores at entry.
Only 2 of the patients, however, met diagnostic criteria for
dementia.

The inconsistency of results obtained in different
studies is difficult to explain but probably relates to ascer-
tainment bias. The key point is that all studies report a sig-
nificantly higher incidence of dementia in patients found to
have late-life–onset psychosis than would be found in a
comparable population of elderly individuals. Overall, pre-
dicting the long-term outcome of late-life–onset psychosis
depends on a clearer division of these patients into diagnos-
tic subgroups as suggested above.

Multi-Infarct Disease and
Its Relationship to
Late-Life–Onset Psychosis

Our hypothesis concerning multi-infarct disease and its re-
lationship to late-life–onset psychosis is a straightforward
one: that microvascular disease in elderly patients can be
associated with new onset of major psychiatric disorders,
including schizophrenia, in the absence of dementia. Thus
we draw a distinction between multi-infarct disease and
multi-infarct dementia.

Evidence for this conjecture derives from several
sources. The observed excess of UBOs in both late-life–
onset depression (most convincing) and late-life–onset
schizophrenia (less convincing) on MRI and the patchy ar-
eas of reduced cerebral blood flow on SPECT suggest vas-
cular pathology in patients with these syndromes. It ap-
pears from several studies (e.g., Breitner et al. 1990; Miller
and Lesser 1988; Miller et al. 1986) that patients with white
matter lesions on MRI tend to have higher numbers of vas-
cular risk factors. However, several studies found no excess
of white matter lesions in late-onset psychosis (Table
14–5). Various hypotheses can be generated from these ob-
servations. The most nonspecific is that any form of “brain
damage” in late life renders an individual more likely to ex-
press major psychiatric syndromes and such “damage” sub-
sumes a collection of common etiologies for several
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late-life–onset major psychiatric illnesses. Alternatively,
and far more specifically, the observed white matter abnor-
malities on MRI and SPECT may represent a single
pathophysiological outcome (i.e., cerebral microvascular
disease) that is a highly specific risk factor for late-life–on-
set schizophrenia. This hypothesis seems unlikely, how-
ever, as similar changes are reported for late-life–onset de-
pressive syndromes (Coffey et al. 1988). In addition,
confirmation of the vascular etiology and/or pathology of
the changes seen on cerebral imaging studies is still lacking.

From a consideration of the same observations, Guze
and Szuba (1992) offered an alternative interpretation.
They suggested that these neuroimaging findings are a
function of normal age-related brain changes, but “beyond
a critical threshold, they may increase vulnerability” to
late-life–onset major psychiatric illnesses, in combination
with other risk factors. Such additional risk factors could
include family history of a particular disorder and the ana-
tomic site of the brain findings (e.g., Rabins et al. 1991).
These combined vulnerabilities determine the final form
of the illness (e.g., late-life–onset schizophrenia,
late-life–onset depression, multi-infarct dementia, or a se-
nile-onset movement disorder). If UBOs and white matter
lesions are of vascular origin, the above suggestions taken
to their logical conclusion would place at least some cases
of late-life–onset psychosis and depression in a continuum
of pathology with multi-infarct dementia.

Conclusions

Late-life–onset psychosis is clearly a heterogeneous and
understudied syndrome. Much that is vital to comprehend
is still unknown, for example, how best to subdivide the
condition meaningfully and, for each resulting separate
syndrome, how to determine its precise prevalence and
find its important pathophysiological underpinnings. Also
remaining obscure are the syndrome’s precise relationship
to early-onset schizophrenia, response to treatment, and
long-term outcome.

Although neuroimaging has the potential to provide
important insights into the underlying pathophysiology,
the numbers of subjects studied in most recent studies have
been small, and a great need exists for large-scale longitudi-
nal studies with suitable comparison patients (e.g., patients
with late-life–onset affective disorders or elderly patients
with early-onset schizophrenia). Finally, neuropatho-
logical examination is ultimately needed to clarify the na-
ture of the underlying brain processes.

More narrowly defined cases of late-life–onset schizo-
phrenia (or late paraphrenia) appear both more clinically

homogeneous and most phenomenologically similar to
early-onset schizophrenia. Even when more narrowly
defined, late-life–onset psychosis appears to be a more
diverse syndrome than early-onset schizophrenia, and
neurodegenerative changes probably play a larger etiologi-
cal role than formerly envisioned. Evidence suggests that
neurodegenerative and neurodevelopmental changes
likely contribute to late-life–onset psychosis, but because
the relative importance of each is unknown in most cases, it
is too soon to settle the question of whether early- and
late-life–onset schizophrenia are essentially the same con-
dition (a theme discussed by both Almeida et al. [1994] and
us [Rabins and Pearlson 1994]). Perhaps the clearest paral-
lel is with late-life–onset depressive illness (see Chapter 12
in this volume). There, too, one finds a genetic risk for the
appropriate illness (albeit a diminished one compared with
early-onset forms of the disease), evidence in some subjects
of nonspecific brain changes (identified by neuroimaging
techniques), and a likely heterogeneous mixture of delayed
“true” cases and “organic phenocopies.” Neuroimaging
clearly has the potential to help “biotype” the syndrome
and to clarify the question of diversity. However, docu-
menting the choice of index and comparison patients, as
well as of control subjects, is critical in this endeavor, as
some neuroimaging studies have cast their recruitment net
broadly, whereas others have excluded cases with likely
“organic” associations.

Returning to the theme of affective illness, we believe
that Castle and Murray’s viewpoint (1991) that late-
life-onset cases of schizophrenia in fact represent affective
disorder is unlikely. Our opinion is based on observations
that comparison patients with late-life–onset schizophre-
nia and affective disorder have different patterns of atrophy
on the CERAD (Consortium to Establish a Registry for
Alzheimer’s Disease) (Morris et al. 1989) MRI rating scale
(Aylward et al. 1993; Rabins et al., in press) and differ
phenomenologically (Rabins et al. 1984). Also the types of
abnormal premorbid personality reported in late-life–on-
set schizophrenia and affective disorder differ; the risks of
family members being affected with affective disorder ver-
sus schizophrenia appear to be different in the two groups,
and the syndromes respond to different types of treatment.

So far, interactions between the various risk factors re-
ported for late-life–onset schizophrenia, as well as the abil-
ity to separate necessary from sufficient associations, lack
the development of an encompassing theory. As we have
stated (Pearlson et al. 1993), the etiology and timing of the
structural changes in late-life–onset schizophrenia are un-
known. They could be primarily initiated in late life or, al-
ternatively, depend on age-related brain changes unmask-
ing a preexisting (perhaps genetic) vulnerability. If a
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developmental origin, similar to that proposed for
early-onset cases (Weinberger 1987), is also applicable to
some cases of late-life–onset schizophrenia (e.g., as we have
suggested [Pearlson and Rabins 1988]), a vital point to ad-
dress is why symptomatic onset has been delayed to the
senium. In this chapter, we review evidence that such possi-
ble precipitants for late-life–onset psychosis could include
neuronal loss as a result of usual aging and vascular or age-
related functional changes, especially those affecting
women, such as postmenopausal estrogen loss and thus al-
terations in the relative balance of dopamine D2 receptors
in basal ganglia. The role of late-life brain abnormalities
and the relative contributions of neurodegenerative pro-
cesses versus brain damage secondary to stroke or micro-
vascular disease remain to be elucidated. Cerebrovascular
pathology is likely to prove an important etiological factor
for at least some proportion of late-life–onset major psy-
chiatric illnesses, including psychosis. The etiological evi-
dence for late life-onset psychosis is less compelling than
that for late-life depression, however.
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15
Anxiety Disorders

Javaid I. Sheikh, M.D.

Anxiety in the elderly, as in the young, is
a normal human emotion with adaptive

value that helps one anticipate and prepare for noxious
events. This normal emotion, however, can be considered
pathological when it becomes unjustifiably excessive and
maladaptive, as in morbid anxiety in clinical situations.
This morbid anxiety usually manifests itself in the form of
a multitude of cognitive, behavioral, and physiological
symptoms, whereas the mental content of such anxiety
can range from excessive worrying about everyday con-
cerns regarding job and relationships to episodes of in-
tense anxiety and fear (panic attacks). The term anxiety is
used in this chapter to refer to such clinically significant
or morbid anxiety, unless specified otherwise. Anxiety
disorders are diagnostic entities comprising various con-
stellations of signs and symptoms of anxiety combined
with criteria regarding their intensity and duration, as de-
scribed in DSM-IV (American Psychiatric Association
1994). Table 15–1 lists some examples of multidimen-
sional symptoms that might be experienced by patients
with various anxiety disorders.

As in younger adults, in elderly patients anxiety disor-
ders are among the most frequent psychiatric illnesses
(Blazer et al. 1991). However, unlike in younger popula-
tions, in whom these disorders have attracted considerable
attention from investigators over the last two decades, anx-

iety disorders remain among the least studied of psychiatric
illnesses in the elderly. In this chapter, I begin with classifi-
cation of anxiety disorders based on DSM-IV, summarize
findings of phenomenology of anxiety disorders in the el-
derly from the literature, discuss manifestations of anxiety
in certain medical and neuropsychiatric illnesses, present a
systematic way of assessing anxiety in the elderly and differ-
entiating it from depression, and summarize treatment
methods particularly suited to geriatric anxiety.

Classification of Anxiety Disorders

DSM-IV describes operationally defined, phenomeno-
logically oriented diagnostic criteria for various anxiety
disorders. A list of anxiety disorders based on DSM-IV
classification appears in Table 15–2. A detailed description
of the diagnostic characteristics of each disorder can be
found in DSM-IV.

Epidemiological Studies

Epidemiological studies of anxiety disorders in the elderly
are scant and data somewhat conflicting depending on the
methodology used. Data from the Epidemiologic Catch-

347



ment Area (ECA) study (Myers et al. 1984) suggest that
phobias are the most common psychiatric disorder in el-
derly women and the second most common in elderly men,
ages 65 and above. In an age comparison of the Duke com-
munity sample of the ECA data between age groups of
45–64 (middle-aged) and 65 or older (older-aged), Blazer
et al. (1991) show that prevalence of all anxiety disorders
declines somewhat from the middle-aged to the older-aged
group, although a formidable combined prevalence of
19.7% was found for the 6-month period when persons
were not excluded as a result of a comorbid psychiatric dis-
order. Some other studies have reported lower point preva-
lence rates. For example, using a computerized program,
AGECAT, which is an algorithm for assembling informa-
tion at interview, Kay (1988) found a rate of anxiety disor-
ders of around 2% in the United Kingdom. It appears,
however, that 50%–75% of elderly cases with clinical levels
of anxiety were diagnosed as depression. Kay (1988) sug-
gests that, if diagnosed independently, the prevalence of
anxiety disorders would be doubled. Similarly, lower prev-
alence rates of diagnosis of anxiety disorders were found in
community samples in which depression was diagnosed
first in samples presenting with a mixed picture of anxi-
ety-depression (Copeland et al. 1987). Blazer et al. (1991)
also suggest the possibility of underreporting as a result of a
higher threshold for reporting generalized anxiety symp-
toms in the older-aged group and a tendency to seek assis-
tance when that threshold is reached.

Earlier epidemiological studies investigating
symptomatology of anxiety as opposed to distinct disorders
have also suggested high prevalence of clinically significant
symptomatology. For example, Himmelfarb and Murrell
(1984) found clinically significant symptomatology of anx-

iety among 22% of women and 7% of men among a sample
of more than 2,000 community persons in Kentucky, ages
55 and older. Evidence also shows that patients with
chronic medical disorders are especially prone to develop-
ing anxiety. In a community survey based on data from the
National Institute of Mental Health (NIMH) ECA Pro-
gram, more than 11% of people with a chronic medical ill-
ness were found to have had a recent anxiety disorder
(Wells et al. 1988). Because more than 80% of people in the
United States older than 65 report at least one chronic
medical condition (National Center for Health Statistics
1987), geriatric patients are at increased risk for developing
anxiety.

In conclusion, it appears that anxiety symptoms and
disorders are among the most common psychiatric ail-
ments experienced by older adults, particularly when a
mixed-symptom picture of anxiety-depression is also con-
sidered.

Phenomenology of
Anxiety Disorders in the Elderly

As noted above, empirical studies of the phenomenology of
late-life anxiety disorders are scant. However, recent data
shed some light on panic disorder (Sheikh and Swales
1998), phobias (Lindesay 1991), and posttraumatic stress
disorder (PTSD) (Goenjian et al. 1994) in late life. Panic
disorder is usually a chronic syndrome with frequent recur-
rences and remissions. Preliminary investigations suggest
that many older patients with onset of panic attacks in early
life seem to continue with their symptomatology in later
life, with many of them receiving inadequate or no treat-
ment over the years (Sheikh et al. 1991). It is less common
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TABLE 15–1. Multidimensional symptoms of
anxiety

Cognitive Behavioral Physiological
Nervousness Hyperkinesis Tachycardia
Apprehension
Racing thoughts

Repetitive
motor acts

Palpitations
Chest tightness

Worry Stiffness Dry mouth
Fearfulness Phobias Hyperventilation
Irritability Pressured speech Paresthesias
Distractibility Startle response Lightheadedness

Sweating
Urinary frequency

Source. Reprinted with permission from Sheikh JI, “Clinical Features
of Anxiety Disorders” in Principles and Practice of Geriatric Psychiatry.
Edited by Copeland JM, Abou-Saleh MT, Blazer DG. London, Wiley,
1994, p. 725.

TABLE 15–2. DSM-IV anxiety disorders

Panic disorder
With agoraphobia
Without agoraphobia

Agoraphobia without history of panic disorder
Social phobia
Simple phobia
Generalized anxiety disorder
Obsessive-compulsive disorder
Posttraumatic stress disorder
Organic anxiety syndrome
Anxiety disorder not otherwise specified

Source. Adapted from American Psychiatric Association 1994.



for panic disorder to appear de novo in old age (Luchins
and Rose 1989; Sheikh et al. 1988).

We have previously reported data from ongoing re-
search in our program suggesting phenomenological dif-
ferences in patients with early-onset panic disorder
(EOPD) with onset before the age of 55 versus patients
with late-onset panic disorder (LOPD) (at or after the age
of 55). Specifically, preliminary analysis of our data indi-
cated that patients with LOPD commonly report less se-
vere symptomatology during panic attacks, experience less
severe catastrophic cognitions related to attacks, and have
less avoidance behavior (Sheikh et al. 1991). In a more re-
cent attempt to replicate our initial findings, we analyzed
data from 171 self-referred patients with panic disorder
(Sheikh and Swales 1998). Of this sample, 99 belonged to
the EOPD group (mean age = 62.07); 26, to the LOPD
group (mean age = 64.81); and 45, to the younger panic dis-
order (YPD) group (mean age = 38.82). After informed
consent was obtained, participants were administered the
Structured Clinical Interview for DSM-III-R (Spitzer et al.
1987), and a psychiatric and medical history was taken. Ad-
ditional measures that assessed panic-associated domains
included: cognitions, physiological symptoms, behaviors,
and global functioning. Data from this larger sample repli-
cate and confirm our earlier findings that patients with
LOPD tend to have a less severe form of panic disorder and
report less cognitive distress, fewer avoidance behaviors,
less overall physiological arousal, and higher overall
(global) functioning compared with that of either the
EOPD or YPD group. This group difference may imply
different causative mechanisms, risk factors, clinical
course, and prognosis for patients with LOPD. Our group
is investigating these issues by identifying possible risk fac-
tors (e.g., family history, life stressors, medical and psychi-
atric comorbidity) as well as studying the clinical course
and any differential treatment response of these groups.

Epidemiological data (Blazer et al. 1991) indicate that
phobic disorders are in general chronic and persisting in
old age. Clinical experience suggests that public speaking
may seem less frightening and eating in public more both-
ersome to the elderly compared with those tasks for youn-
ger people. Fear of crime seems to be particularly prevalent
in the elderly population, especially in an urban setting. In a
survey of elderly people in an English urban setting, Clarke
and Lewis (1982) reported that 66% of their sample stated
that they did not go out after dark for fear of victimization
and 15% reported that this fear was a primary concern.
There is also a suggestion of nocturnal neurosis in the el-
derly as a result of fear of crime (Cohen 1976). The elderly
thus appear to be the group most anxious about crime,
though they are apparently the least likely to be victimized

(Clarke and Lewis 1982). Another study (Lindesay 1991)
indicates that phobic disorders in the elderly are associated
with considerably higher psychiatric and medical morbid-
ity compared with that in case controls. Further, 17 of the
28 agoraphobics described the onset of their symp-
tomatology after the age of 65, and despite increased rates
of contact with primary care services, none was receiving
any specific treatment for his or her phobic disorders.

Reports of PTSD in elderly Holocaust survivors
(Kuch and Cox 1992) and among elders who were prison-
ers of war during World War II (Speed et al. 1989) indicate
that PTSD can be a chronic disorder continuing into old
age. A report also documents development of PTSD for
the first time in old age among survivors of the 1988 Arme-
nian earthquake (Goenjian et al. 1994). It appears that al-
though the overall severity of PTSD seemed similar among
both young and elderly survivors of the earthquake, the el-
derly reported less reexperiencing but more symptoms of
hyperarousal compared with that reported by the younger
people. It may be premature to assign any significance to
these differences before further replication of these
findings.

In summary, from the limited available data, it appears
that panic disorder starting earlier in life typically tends to
run a chronic course with continuation into old age. New
onset of panic disorder in late life is rare and when it does
occur, it tends to be of milder severity. Data on phobias and
PTSD are too scant and preliminary to draw any conclu-
sions, whereas empirical data on phenomenological
manifestations of other anxiety disorders in late life are
nonexistent.

Neurobiology of Anxiety in the Elderly

Most recent work investigating neurobiology of anxiety
has been performed in younger populations, and its rele-
vance to the elderly remains unknown at present. In this
section, I summarize literature on the neurobiology of anx-
iety and discuss the relevance of age-related changes in var-
ious neurotransmitter systems to phenomena of anxiety
and fear in the elderly.

Attempts to discern neurobiology of anxiety date back
to empirical work by Cannon (1929) in cats and suggested
that central discharges, possibly thalamic in origin, are the
harbinger of fear and anxiety. Increasing evidence accumu-
lated during the last several years points to the locus
ceruleus in the midbrain, containing approximately half of
central norepinephrine neurons, as the harbinger of states
of fear and panic. For example, Redmond and Huang
(1979) document central noradrenergic activation in anxi-
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ety and fear states and suggest that the locus ceruleus is im-
plicated in such emotions. Charney et al. (1985) report a
greater number of yohimbine-induced anxiety symptoms
in patients with panic disorder compared with that in con-
trol subjects as well as a blunting of yohimbine response af-
ter treatment with alprazolam, supporting the hypothesis
of noradrenergic activation as a result of locus ceruleus dis-
charge of norepinephrine in panic attacks. Simson and
Weiss (1988) also suggest that locus ceruleus plays a key
role in the “fight or flight” response mediated via activation
of the central noradrenergic system. As for the normal
age-related changes in noradrenergic functioning in older
populations, Sunderland et al. (1991) summarize findings
from several studies suggesting that such function in old
age declines and includes a decrease in the number of locus
ceruleus neurons, a decrease in norepinephrine content in
many brain areas, and an increase in monoamine oxidase
(type B) levels (also see Chapter 3 in this volume). These
findings support the phenomenological research docu-
menting a milder symptomatology in late-onset panic dis-
order (Sheikh et al. 1991). Unlike studies of the nor-
adrenergic system, those of the serotonergic system in
younger patients with anxiety disorder as well as in
nonanxious elderly have yielded mixed and nonconclusive
results (Sunderland et al. 1991).

Since the report by Pitts and McClure (1967) that an
infusion of 10 mg/kg of 0.5 M racemic sodium lactate pro-
duced panic symptoms in 13 of 14 patients who were neu-
rotically anxious (that is, had panic disorder by present cri-
teria) and in only 2 of 16 psychiatrically healthy control
subjects, various investigators have reproduced this find-
ing (Kelly et al. 1971; Liebowitz et al. 1984). It is now well
accepted that lactate infusion produces panic attacks in ap-
proximately 70% of patients with panic disorder. The un-
derlying mechanism for induction of panic attacks with so-
dium lactate remains unclear, though various postulates
include sodium lactate being a nonspecific stimulant pro-
ducing uncomfortable somatic sensations or a conversion
of lactate to bicarbonate and CO2, with CO2 crossing the
blood-brain barrier and producing a transient intra-
cerebral hypercapnia leading to stimulation of brainstem
chemoreceptors. Other techniques for successful induc-
tion of panic include administration of caffeine, which may
block adenosine receptors (Boulenger et al. 1984); admin-
istration of yohimbine, which may challenge locus ceruleus
activation as a result of its α2-adrenergic antagonism
(Charney et al. 1982); and inhalation of 5% CO2 (Gorman
et al. 1989). No reports of panic induction in the elderly are
described in the literature, and it is not clear whether such

methods will be safe to use in this population. Availability
of neuroimaging techniques has provided an impetus for
carrying out more specific studies to delineate neuro-
biological basis of anxiety disorders. For example, Reiman
et al. (1989) have documented increased parahippocampal
activity during panic attacks provoked by lactic acid as well
as significant blood flow increases bilaterally in the tempo-
ral poles.

Of the various theoretical models of anxiety based on
neurobiological findings, three seem to be the most popu-
lar at present. The first, espoused by Gray (1982), is a com-
plex schema of the central role of a “Behavioral Inhibition
System” in the manifestations of anxiety, which involves
neuroanatomical structures of the septohippocampal sys-
tem and the noradrenergic, serotonergic, and GABAergic1

neurotransmitter systems in a rather complicated relation-
ship. The second model is that of Gorman et al. (1989),
who have proposed a neuroanatomical hypothesis for panic
disorder locating the acute panic attack in the brainstem,
anticipatory anxiety in the limbic system, and phobic
avoidance in the prefrontal cortex. The third and most re-
cent model of an integrated neurobiology of panic has been
espoused by Goddard and Charney (1997). In this model,
the amygdala is at the center of fear and anxiety responses,
with extensive afferent and efferent connections to many
other fear-related neuronal structures including hippo-
campus, locus ceruleus, hypothalamus, and orbitofrontal
cortex. This more complex model has explanatory poten-
tial for several features of panic disorder including sponta-
neous panic attacks, anticipatory anxiety, and avoidance
behavior, among others.

In summary, whereas the relevance of the above-
mentioned theoretical models of anxiety to the elderly is
unknown at present, a decline in central noradrenergic ac-
tivity with aging may explain the milder symptomatology
of LOPD.

Anxiety and Medical Illness

Anxiety is commonly associated with medical illness for
several reasons. First, being the most common psychiatric
conditions, anxiety symptoms and syndromes can present
as coincidental comorbid conditions. In such cases, a
long-standing history of an anxiety disorder is typically
forthcoming. Second, anxiety could manifest as an ex-
pected response to a physical stressor, and a temporal asso-
ciation with the onset of a particular medical disorder is
usually present. Third, anxiety can be a manifestation of

1 γ-aminobutyric acid.



physiological changes occurring as a result of a medical ill-
ness (e.g., Parkinson’s disease) or a medication (e.g.,
theophylline). Finally, sudden onset of anxiety can also sig-
nal a rapidly deteriorating medical condition in patients
with or without a chronic medical illness (Wise and
Griffies 1995). Common medical conditions associated
with anxiety are briefly described below.

Cardiovascular Illness

Panic attack symptoms, consisting of palpitations,
dyspnea, chest tightness, sweating, and tingling sensations
in the arms, can simulate both angina pectoris and myocar-
dial infarction. For example, between 30% and 50% of pa-
tients presenting with recurrent chest pain and no evidence
of cardiovascular disease may have panic disorder (Beitman
et al. 1990; Carter et al. 1997). Such episodes in older age
group patients should, however, always prompt a thorough
investigation of the cardiac status of the patient, except per-
haps in patients in whom a diagnosis of panic disorder is
well established. The relationship of panic disorder and
mitral valve prolapse remains unclear, with some of the
studies suggesting a higher rate of association than that in
control subjects (Gorman et al. 1988; Kantor et al. 1980)
and others questioning such evidence (Margraf et al. 1988;
Mazza et al. 1986). Such studies have focused on generally
younger patients, and data on such association or lack
thereof in older patients are lacking.

Pulmonary Causes

Elderly patients at bed rest remain at risk for pulmonary
embolism, which might be the most common pulmonary
cause of sudden anxiety in such patients. A ventila-
tion-perfusion scan and a phlebogram can be diagnostic.
Some reports also suggest an unusually high number of
panic disorder cases among patients with chronic obstruc-
tive pulmonary disease (Karajgi et al. 1990; Yellowlees et al.
1987). More recently, in another study, 40% of mostly geri-
atric patients with chronic obstructive pulmonary disease
reported significant anxiety (White et al. 1997).

Dietary Causes

Caffeine intake in the form of coffee, tea, and soda can pro-
duce anxiety-like symptoms in doses as little as 200 mg (one
cup = 150 mg) (Victor et al. 1981). Caffeine has also been
implicated in precipitating full-blown panic attacks
(Charney et al. 1985; Lee 1985; Uhde et al. 1984). A history
of caffeine use should be obtained in patients with symp-
toms of anxiety to rule out any temporal relationship. A de-
crease in daily caffeine consumption in some cases can be a
simple and effective intervention.

Drugs

For common cold and allergic conditions, the elderly com-
monly use over-the-counter preparations, which can pro-
duce anxiety-like symptoms as a result of their content of
adrenergic agents such as ephedrine or pseudoephedrine.
Prescription drugs that can produce anxiety include am-
phetamines, bronchodilators such as isoproterenol and
theophylline, and some calcium channel blockers such as
verapamil, nifedipine, and diltiazem. A careful history of
drug intake should thus be a part of the clinical assessment
of anxiety in the elderly. Akathisia, a common side effect of
neuroleptics, is a subjective sense of restlessness often in-
distinguishable from anxiety. Akathisia can also closely re-
semble agitation because of a tendency in patients with
both conditions to pace around. Inquiring about drug his-
tory can give a clue into its temporal relationship with drug
intake. Alcohol withdrawal is a well-recognized cause of
anxiety and agitation among hospitalized patients (Lerner
and Fallen 1985). Sedative-hypnotic withdrawal, however,
might be somewhat underestimated as a cause of anxiety
syndromes in older populations, in whom hypnotic use is
frequent (Schweizer et al. 1989). At the beginning of the
hospitalization, clinicians should inquire about any such
drug use and treat with appropriate medications.

Endocrine Causes

Unlike younger populations, in whom two-thirds or more
of patients with hyperthyroidism may meet DSM-III crite-
ria for an anxiety disorder (American Psychiatric Associa-
tion 1980; Kathol et al. 1986), patients over 60 have hyper-
thyroidism more insidious in presentation, sometimes
labeled as “apathetic” as opposed to “anxious or agitated”
hyperthyroidism of younger people (Hurley 1983). Hypo-
parathyroidism and hyperparathyroidism, hypopitui-
tarism and hyperpituitarism, hypoglycemia, diabetes
mellitus, and Cushing’s syndrome can also be associated
with anxiety-like symptoms (Popkin and Mackenzie 1980).

In summary, older patients with medical illnesses com-
monly experience concomitant anxiety. Such comorbidity
may confound the clinical picture for both the primary care
physician and the neuropsychiatrist, and thus a systematic
approach to proper evaluation of anxiety in such patients is
needed and described below in the section on evaluation.

Neurological Disorders
Associated With Anxiety

Many neurological disorders are associated with symptoms
of anxiety or a diagnosable anxiety disorder. In a compre-
hensive review of psychiatric presentations of medical ill-
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nesses, Hall (1980) suggests that neurological disorders are
among major contributors to medical causes of anxiety and
contends that cerebral vascular insufficiency may be the
most common neurological cause of anxiety. Below, I
briefly review the literature describing association of anxi-
ety with various neurological disorders, with particular fo-
cus on Parkinson’s disease, dementia, and stroke.

Although association of depression with Parkinson’s
disease is now considered a generally accepted fact, pres-
ence of anxiety in this illness has received attention from
researchers only relatively recently (see also Chapter 26 in
this volume). In one study, 9 (38%) of 24 subjects (mean
age = 58) with idiopathic Parkinson’s disease had a clini-
cally significant anxiety disorder (Stein et al. 1990). An-
other report describes 12 of 16 patients with Parkinson’s
disease meeting the criteria of a present or past diagnosis of
either panic disorder or generalized anxiety disorder
(Schiffer et al. 1988). Another study (Henderson et al.
1992) documents a picture of mixed anxiety-depression in
38% of 164 patients with Parkinson’s disease (mean
age = 67) compared with 8% in 150 age-matched psychiat-
rically healthy spouse control subjects. It also appears that
left-sided Parkinson’s disease may be associated with a
greater degree of anxiety and depression (Fleminger 1991).
There is some suggestion that high prevalence of anxiety
disorders in patients with Parkinson’s disease may be a re-
sult of a loss of normally existing dopaminergic inhibition
of locus ceruleus (Iruela et al. 1992). It is speculated further
that early ceruleal or nigroceruleal dopaminergic pathway
degeneration leading to disinhibition of locus ceruleus may
be responsible for high rates of panic disorder preceding
the onset of motor signs in patients with familial
parkinsonism (Lauterbach 1993). Finally, one has to be
mindful that the drug treatment of Parkinson’s disease it-
self may produce symptoms of anxiety (Cummings 1991).

In the Perth Community Stroke Study (Burvill et al.
1995), in a sample of 294 patients at 4 months poststroke,
prevalence of anxiety disorders was 12% in men and 28% in
women. After subtracting those who had evidence of anxi-
ety disorder before stroke, the latter prevalence was 9% in
men and 20% in women. Similarly, in 80 patients with
acute stroke (0–3 months), prevalence of generalized anxi-
ety disorder (GAD) was found to be 28% (Astrom 1996).
Of concern, only 23% of these patients had remission of
their GAD symptoms at 12-month follow-up. Although
both depression and anxiety can be common consequences
of a stroke, Robinson and Starkstein (1990) reported that
comorbid major depression and GAD are associated with
cortical lesions, whereas depression alone is associated
with subcortical lesions (see also Chapter 27 in this vol-
ume). There is also some suggestion that women and youn-

ger patients may be more prone to developing anxiety after
stroke (Schultz et al. 1997).

Anxiety-like symptoms and agitated behaviors are also
common in dementing disorders (Teri et al. 1988). In fact,
as many as 85% of patients with dementia develop disrup-
tive agitated behavior (Jeste and Krull 1991) (see also
Chapters 23 and 24 in this volume). Wands and colleagues
(1990) reported that 38% of patients with early dementia
were found to have anxiety. It is also speculated that agita-
tion at times may be a possible expression of GAD in pa-
tients with dementia (Mintzer and Brawman-Mintzer
1996). Neurobiological underpinnings of agitation in pa-
tients with dementia remain controversial at best, although
noradrenergic, serotonergic, and dopaminergic deficits
are implicated (Kirby and Lawlor 1995).

In summary, anxiety can be frequently associated with
Parkinson’s disease, dementias, and stroke. Neurotrans-
mitter mechanisms underlying such symptomatology are
rather complex and probably depend on a functional bal-
ance between dopaminergic, cholinergic, GABAergic,
glutamatergic, and peptidergic neurotransmission
(Hartmann et al. 1993).

Other neurological disorders described in the litera-
ture as sometimes associated with anxiety include multiple
sclerosis, peripheral neuropathy, myasthenia gravis, Hun-
tington’s disease, Wilson’s disease, closed head injury, and
tumors of the brain (Hall 1980). Further, anxiety remains
one of the most disturbing symptoms in a small percentage
of patients with postconcussion syndrome (Leigh 1979)
(also see Chapter 28 in this volume), and temporal lobe epi-
lepsy can mimic panic disorder (Edlund et al. 1987).

Evaluation of Anxiety in the Elderly

Several factors can make proper assessment of anxiety po-
tentially difficult. These include a confounding of symp-
tom picture by high medical comorbidity, frequent use of
multiple prescribed and over-the-counter medications,
substance use, difficulty of differentiating anxiety from de-
pression, and a tendency to resist psychiatric evaluation in
older cohorts. With these caveats in mind, evaluation of
anxiety in the elderly is usually accomplished in three major
ways: clinical evaluation, assessment with rating scales, and
laboratory investigations.

Clinical Evaluation

The clinical evaluation should include a history of present-
ing symptomatology, past illness (e.g., panic disorder can
be characterized by remissions and relapses), a detailed his-
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tory of current prescribed and over-the-counter medica-
tions (including analgesics, cold medications, anti-
cholinergic medications, herbal and vitamin supplements),
a history of alcohol or substance use, and a family history
(may be helpful in panic disorder). A mental status exami-
nation can reveal many of the cognitive and behavioral
signs and symptoms of anxiety including apprehension,
fearfulness, distractibility, hyperkinesis, and startle re-
sponse. Physiological signs and symptoms including in-
creased pulse rate, rapid breathing, sweating, and trem-
bling should be assessed during the physical examination.

Assessment With Rating Scales

Anxiety rating scales are useful adjuncts to the clinical eval-
uation of anxiety. These measures can serve as initial
screening devices, can be helpful in assessing severity of
symptoms, and can be used as instruments to document ef-
fectiveness of various psychological and pharmacological
therapeutic interventions. These scales are primarily of
two kinds: observer-rated and self-rated. The most com-
monly used observer-rated scale is the Hamilton Anxiety
Rating Scale (HARS) (Hamilton 1959). HARS is a 14-item
scale with each item rated on severity from none (0) to very
severe (4). A rating of 18 or above is generally considered to
be suggestive of clinically significant anxiety. Though
HARS is presently the standard in the field as a measure of
change in clinical situations and in pharmacological re-
search, older published studies in geriatrics seemed to indi-
cate limited sensitivity to change with active drug treat-
ment (Kochansky 1979; Salzman 1977). A more recent
study, however, seems to suggest that HARS can differenti-
ate between older patients with GAD and control subjects
(Beck et al. 1996). The most frequently used self-rated
scales are the State-Trait Anxiety Inventory (STAI)
(Spielberger et al. 1970), the Sympton Checklist-90–Re-
vised (SCL-90-R; Derogatis 1975), and the Beck Anxiety
Inventory (BAI) (Beck et al. 1988). Several recent studies
have suggested that BAI can be useful in differentiating
anxious elderly subjects from nonanxious control subjects
and also useful as an instrument sensitive to measure
change with treatment (Stanley et al. 1996; Steer et al.
1994; Wetherell and Arean 1997). BAI is a 21-item inven-
tory with a rating on a severity scale of none (0) to severe (3).
A rating of 21 or above on BAI is suggestive of clinically sig-
nificant anxiety.

Laboratory Investigations

Laboratory tests can aid in diagnosing underlying medical
conditions producing signs and symptoms of anxiety. A

complete blood count, vitamin B12 and folate levels, elec-
trocardiogram, thyroid function tests, blood sugar, blood
gases, and drug and alcohol screening can be helpful when
used appropriately to rule out more common medical con-
ditions associated with anxiety as described earlier.

Anxiety and Depression

Debate about the complex relationship of anxiety and de-
pression has raged in the psychiatric literature since the
days of Sir Aubrey Lewis (1934) and continues to be a re-
current theme in the psychiatric literature (see also Chap-
ter 13 in this volume). Traditionally, three major positions
have been adhered to by various investigators: 1) anxiety
and depression lie on the same continuum; 2) they are dis-
tinct conditions that are frequently comorbid as a result of
their high prevalence; and 3) they are different expressions
of the same biological diathesis. Despite recent advances in
our knowledge about the phenomenology and biology of
these conditions, we do not seem any closer to resolving
this controversy. Comorbid depression and anxiety appear
to be extremely common in older adults (Flint 1994). In a
small sample of geriatric psychiatry outpatients, Alex-
opoulos (1991) reported that 38% of patients with depres-
sion also met criteria for an anxiety disorder according to
DSM-III. The Guy’s/Age Concern Survey reported that
39% of subjects with phobia had comorbid depression
compared with only 11% of subjects without phobia (Lin-
desay et al. 1989). The presence and severity levels of GAO
and depression were especially associated. Studying geriat-
ric adults in South Africa who had been diagnosed with de-
pression, Ben-Arie and colleagues found that 26% also had
generalized anxiety and 5% had panic attacks (Ben-Arie et
al. 1987). Comorbid anxiety and depression are also com-
mon in geriatric medical patients. For example, in a study
of geriatric patients with cancer, Derogatis and colleagues
reported that 13% evidenced mixed anxiety-depressive
syndrome, whereas 8% evidenced an anxiety disorder ex-
clusively (Derogatis et al. 1983).

Making a distinction between anxiety and depression
clinically was considered to have pragmatic value previ-
ously because older antidepressants such as the tricyclics
had many undesirable side effects for the elderly, whereas
anxiolytics such as benzodiazepines and buspirone were
relatively well tolerated. However, since the introduction
of the serotonin selective reuptake inhibitors (SSRIs) and
increasing evidence of their efficacy in the mixed-symptom
picture of both anxiety and depression, this debate seems to
have lost some of its intensity. Thus, a recent philosophical
shift has led to acceptance of a mixed-symptom picture as
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reflected in the inclusion of mixed anxiety-depression syn-
drome as a special category in the DSM-IV. Though mixed
anxiety-depression is included as a research category, clini-
cally it is one of the most frequently encountered presenta-
tions in geriatric neuropsychiatric practice. A mixed pic-
ture of depression and anxiety in older patients may signify
the presence of an anxiety disorder coexisting with a dis-
tinct depressive disorder, the presence of one disorder as-
sociated with symptoms of another, or, more commonly, a
mixed anxiety-depressive disorder in which symptoms of
neither anxiety nor depression reach diagnostic threshold
for an established disorder. Although symptoms of mixed
anxiety-depression syndrome may not reach criteria for an
established disorder, some patients experience significant
functional impairment and marked subjective distress. If
symptoms progress and persist for more than a month at
this level of functional impairment, treatment is indicated.

In summary, a mixed picture of anxiety and depression
is common among older patients in both medical and psy-
chiatric settings. Recent studies suggesting efficacy of anti-
depressants for both depression and anxiety may make the
older (at times painstaking) attempts to separate anxiety
and depression somewhat less relevant from a clinician’s
perspective.

Complications of Anxiety Disorders

Physical Illness

The issue of short- and long-term effects of anxiety on
physical health remains unresolved. This question may be
of particular relevance to the elderly population because of
their relative increased susceptibility to developing physi-
cal illness and the possibility that they may accumulate ad-
verse effects of anxiety over many years. A strong associa-
tion of anxiety states with many medical conditions has
been discussed in the literature in the past two decades. For
example, researchers have documented association of anxi-
ety with asthma (Alexander 1972), hypertension (White-
head et al. 1977), and duodenal ulcer (Sandberg and
Bliding 1976). Some authors have also contended that anx-
iety can give rise to potentially lethal arrhythmias (Jenkins
1971) and have suggested the use of diazepam in such cases.
Also, evidence suggests that anxiety might act as a predictor
of future morbidity in patients with cancer. For example,
Carey and Burish (1985) found that in patients with cancer
who were receiving chemotherapy, greater treatment gains
were found in patients with lower pretreatment anxiety.
Such associations cannot be considered causal, however,
because the relationship between anxiety and physical

functioning is complicated. For example, anxiety seems to
contribute to heart disease, whereas heart disease itself in-
creases anxiety (Jenike 1985). Though knowledge about
the specific mechanism by which anxiety and autonomic
arousal can cause tissue damage is lacking, it is possible that
the elderly accumulate deleterious effects of anxiety on the
cardiovascular system over many years. Of relevance,
Nowlin et al. (1973) reported in a prospective study that el-
evated levels of anxiety predicted the future occurrence of
myocardial infarction in older men. Though this study can
be considered only preliminary because of the small sam-
ple, it is of sufficient importance to warrant attempts at rep-
lication. In another survey of older adults, Himmelfarb and
Murrell (1984) found a significant association of anxiety
with the presence of some medical conditions including
high blood pressure, kidney and bladder disease, cardiac
disease, stomach ulcers, arteriosclerosis, stroke, and diabe-
tes. It appears that patients with chronic medical disorders
are especially prone to developing anxiety. For example, in
a community survey based on data from the NIMH ECA
Program, more than 11% of people with a chronic medical
illness were found to have had a recent anxiety disorder
(Wells et al. 1988). Because more than 80% of Americans
older than 65 report at least one chronic medical condition
(National Center for Health Statistics 1987), geriatric pa-
tients are at increased risk for developing anxiety.

Alcohol Abuse

Several reports have documented unusually high rates of
comorbidity between anxiety disorders and alcohol abuse
(Chambless et al. 1987; Hasselbrock et al. 1985; Kushner et
al. 1990; Ross et al. 1988; Weissman 1988) (also see Chap-
ter 16 in this volume). Boyd et al. (1984) have estimated that
the risk of alcohol problems in patients with phobia is about
two and a half times that of the general population, and the
risk in patients with panic disorder is more than four times.
Some evidence from family studies suggests that alcohol-
ism and anxiety are on the same spectrum of disorders. For
example, Munjack and Moss (1981) found alcohol abuse
among 26.5% of the first-degree relatives of people with
agoraphobia, 20% of the relatives of those with social pho-
bia, and 8.6% of the relatives of those with mixed simple
phobia. Harris et al. (1983) found that approximately 10%
of the relatives of patients with panic disorder and 17.6% of
the relatives of those with agoraphobia had alcoholism, as
opposed to only 5.4% in the control group. Though a rela-
tionship as to the cause and effect between alcoholism and
anxiety disorders is not clear at present, sufficient evidence
from the literature (Kushner et al. 1990) suggests that, at
least in cases of agoraphobia and social phobia, alcohol
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problems seem to be related to attempts at self-medication.
It also appears that comorbidity is not uniform for all anxi-
ety disorders; therefore, generalizations regarding alco-
holism in anxiety states as a homogeneous group should be
avoided.

Even though none of these studies have looked at this
issue with particular reference to the elderly, one should
keep in mind that similar comorbidity with alcoholism can
exist in that population also. Considering that older people
may be particularly vulnerable to effects of alcohol as a re-
sult of changes in hepatic metabolism and increased sensi-
tivity of the central nervous system (Atkinson 1989; Liptzin
1991), clinicians need to be alert to inquire about such his-
tory in patients with anxiety. Finally, alcohol withdrawal
can itself present as severe anxiety, as noted above.

Insomnia

Sleep disturbances are common in patients with anxiety
(also see Chapter 17 in this volume). In a study assessing
vegetative signs and symptoms of anxiety, Mathew and col-
leagues (1982) found that restless sleep was the only vegeta-
tive symptom consistently related to anxiety. On the other
hand, anxiety appears to be a common finding in patients
with chronic insomnia. Some investigators have looked at
differential effects on sleep of various anxiety syndromes.
For example, in a study conducted by Reynolds et al.
(1983), patients with GAD were found to have difficulty
similar to that of patients with depression in both initiating
and maintaining sleep. However, these investigators also
found that the shortened rapid eye movement (REM) la-
tency and increased percentage of REM sleep found in pa-
tients with depression are missing in patients with anxiety.
Other researchers (Insel et al. 1982) suggest similarities be-
tween the sleep of patients with obsessive-compulsive dis-
order (OCD) and that of patients with depression in that
both groups seem to have short REM latency compared
with subjects without OCD or depression. Like patients
with GAD, those with panic disorder frequently complain
of difficulty in initiating and maintaining sleep (Sheehan et
al. 1980). However, it appears that their REM latencies,
though shorter than those of control subjects as a group,
still fall within the lower limit of normal, unlike that of pa-
tients with depression (Uhde et al. 1984). Finally, it appears
that patients with PTSD show a reduced efficiency of
sleep, with recurrent nightmares and a lower percentage of
REM sleep.

It thus appears from the foregoing studies that anxiety
disorders can create problems in initiating and maintaining
sleep as well as significantly affect the quality of sleep. The
implications of these findings are significant for about

5 million elders in the United States who have severe sleep
problems (Moran et al. 1988). Inquiry into the duration
and quality of sleep should be an integral component of any
management plans for geriatric anxiety. Such inquiry
should take into account the common clinical observation
that older people tend to go to bed early and may nap dur-
ing the day; a seemingly early wake-up time may not be so
in reality, and the total amount of sleep, including nap time,
may be sufficient for many. Taken together, anxiety and in-
somnia are among the most frequently encountered prob-
lems in geriatric patients (Folks and Fuller 1997). In cases
where both anxiety and insomnia overlap, it would be pru-
dent to consider treatments beneficial for both, be they
nonpharmacological aids to sleep or sedative-hypnotics.

Increased Mortality of
Cardiovascular Origin

In a series of long-term (30–50 years) follow-up studies,
Coryell et al. (1982, 1986) have documented increased
mortality as a result of cardiovascular disease among male
but not female patients with panic disorder. Specifically, it
appears that males with a panic disorder diagnosis were
twice as likely to die compared with expected deaths based
on age and gender matching. After a review of causes of
death in his sample of men, Coryell (1988) attributed the
excess mortality to chronic hyperarousal and exercise in-
tolerance of patients with panic disorder and possibly to ad-
ditional deleterious effects of associated smoking or alco-
hol abuse. Such findings suggest the need for proper
control of panic attacks and associated chronic hyper-
arousal, as well as the management of the associated smok-
ing or alcohol abuse if present.

In summary, chronic untreated anxiety can be associ-
ated with myriad complications including long-standing
sleep problems, alcohol abuse, high blood pressure, stroke,
and possibly increased mortality of cardiovascular origin.

Management of Geriatric Anxiety

Effective management of geriatric anxiety can be accom-
plished by using pharmacological or psychological treat-
ments, sometimes as monotherapies and at other times in
conjunction with each other.

Pharmacological Treatments

Several factors can complicate psychopharmacological
management of the older patient with anxiety. These fac-
tors include physiological changes associated with aging
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that affect pharmacokinetics and pharmacodynamics of
drugs, presence of comorbid medical conditions, and
polypharmacy (see Chapter 34 in this volume).

Age-related changes in pharmacokinetics put older
patients at higher risk of adverse reactions from drugs. The
most important of these changes are: 1) decreased absorp-
tion (with decreased gastric acidity, motility, blood flow,
and gastrointestinal surface area); 2) decreased protein
binding (with decreased albumin); 3) increased volume of
distribution of lipophilic drugs; 4) decreased hepatic func-
tion (with decreased hepatic metabolism, first-pass effect,
demethylation, and hydroxylation); and 5) decreased renal
excretion (with decreased renal blood flow, glomerular fil-
tration rate, and tubular excretory capacity). The overall
effect of these changes is that many medications are ab-
sorbed and metabolized less efficiently and eliminated
more slowly in older patients than in younger ones (von
Moltke et al. 1995). Thus, the period of risk of side effects is
prolonged in older patients because these drugs stay in the
body longer. Even average dose ranges for the general pop-
ulation may be toxic for the elderly. In addition,
pharmacodynamic changes in the aging nervous system
make older patients more sensitive to the side effects of
psychotropic medications (Salzman et al. 1995).

Older patients are more likely than younger people to
have concurrent medical illnesses that may be exacerbated
by the side effects of medications. In addition, the presence
of chronic kidney, liver, or heart disease can further delay
clearance of drugs, thus making adverse reactions more
likely. Although the elderly constitute 12% of the popula-
tion, they are prescribed 25% of all medications and as a
group consume the majority of over-the-counter drugs
(Kane et al. 1994). Not surprisingly, the average older per-
son typically takes six to eight different medications per
day. The risk of adverse drug interactions also increases
substantially with such polypharmacy. Further, many of
the commonly prescribed nonpsychotropic agents (e.g.,
digoxin, theophylline, prednisolone, cimetidine) have de-
tectable anticholinergic levels when measured with
radioreceptor assay, though these agents are not com-
monly viewed as anticholinergic (Tune et al. 1992). How-
ever, when taken in combination, such medications can ad-
versely affect cognition in the elderly while increasing the
risk of anticholinergic syndrome when taken in combina-
tion with commonly used anticholinergic psychotropics.

Several additional factors should be considered when
selecting a medication for an older patient with an anxiety
disorder. For example, prior treatment response, the na-
ture of the targeted symptoms, concurrent medications,
and the most tolerable side-effect profile should all be
taken into account. To reach the optimal dose for an older

patient without causing intolerable side effects, the old ad-
age “Start low and go slow” is well worth remembering.
Drugs may be given in divided doses throughout the day to
minimize possible adverse side effects. However, with di-
vided doses, noncompliance may be an issue of concern es-
pecially in medically ill older patients taking multiple med-
ications. Liquid medications may be easier for some
patients to take. Given the prevalence of polypharmacy in
this age group, only one change at a time during medica-
tion adjustments is preferable. Finally, with any change in
dose or medication, close monitoring is essential.

Over the years, numerous compounds have been used
as anxiolytics, including alcohol, barbiturates, antihista-
mines, antidepressants, neuroleptics, β-blockers, and
benzodiazepines. Though empirical studies of the efficacy
of different anxiolytics have primarily been conducted in
younger populations, such efficacy is inferred in clinical
practice for older patients and modifications in dosing
made accordingly. A brief description of different classes of
compounds currently used as anxiolytics follows.

Benzodiazepines. Benzodiazepines have been the
most frequently prescribed anxiolytics for the last three de-
cades. The elderly are prescribed benzodiazepines at a rate
disproportionately high to their percentage in the
population (Moran et al. 1988). Table 15–3 lists the more
commonly used benzodiazepines along with relevant infor-
mation about their half-lives and the daily doses recom-
mended for the elderly. Lower doses of benzodiazepines are
recommended for older patients because the elderly are more
sensitive to both the therapeutic and toxic effects of the drugs.
Thus, doses that are therapeutic in younger patients may ac-
tually be toxic in geriatric patients (Meyer 1982).

Short half-life benzodiazepines such as lorazepam,
oxazepam, and temazepam appear preferable in that they
are metabolized by direct conjugation in the liver (phase II
metabolism), a mechanism that does not seem to be af-
fected by aging (Moran et al. 1988). In addition, these drugs
are relatively less lipophilic and are thus less prone to accu-
mulate in fatty tissues of the elderly compared with a more
lipophilic drug such as diazepam. Most other benzodiaze-
pines tend to be metabolized via oxidative pathways (phase
I metabolism) into active metabolites that tend to linger on
in the elderly for long periods of time. Several studies have
documented in the elderly undesirable side effects of
long-acting benzodiazepines (e.g., diazepam, clorazepate,
chlordiazepoxide) including drowsiness, fatigue, psycho-
motor impairment, and cognitive impairment (Boston
Collaborative Drug Surveillance Program 1973; Curran et
al. 1987; Larson et al. 1987; Pomara et al. 1984, 1991). For
example, Rosenbaum (1979) documents that the half-life
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of diazepam’s metabolites increases from 20 hours in a
20-year-old to 90 hours in an 80-year-old. Alprazolam, a
commonly used, intermediate half-life, antipanic medica-
tion, has also been shown to have a half-life of more than 21
hours in the elderly compared with 11 hours in young peo-
ple (Kroboth et al. 1990).

In summary, this review suggests that short-acting
benzodiazepines such as oxazepam, lorazepam, and
temazepam are preferable in the elderly, whereas long- acting
benzodiazepines such as diazepam, clorazepate, and
flurazepam appear less desirable in general. Given the proba-
bility that, if taken for long periods of time, even short-acting
benzodiazepines will tend to accumulate in older people, any
use of benzodiazepines in the elderly should be for specific in-
dications and time-limited, preferably to less than 6 months.
Table 15–4 documents potential complications of long-term
use of benzodiazepines in the elderly.

Buspirone. Buspirone, an anxiolytic medication with
partial serotonin-agonist properties, has demonstrated in
double-blind studies efficacy comparable to that of diaze-
pam in patients with GAO (Rickels and Schweizer 1987;
Rickels et al. 1982). Its nonaddictive profile, absence of
withdrawal symptoms when discontinued (Rickels et al.
1988), and lack of psychomotor impairment even with
long-term usage (Smiley and Moskowitz 1986) seem to be
an advantage over benzodiazepines in chronic anxiety con-
ditions. Studies in geriatric samples indicate that buspirone
is well tolerated, does not cause adverse interactions when
co-prescribed with a variety of other medications (includ-
ing antihypertensives, cardiac glycosides, and bronchodi-
lators), and is effective for remediation of chronic anxiety
symptoms in this population (Napoliello 1986). It also ap-
pears that in both acute and chronic dosing the
pharmacokinetics of buspirone in the elderly are very simi-
lar to the pharmacokinetics in younger people (Gammans

et al. 1989). Unlike the benzodiazepines, which can cause
respiratory depression, buspirone does not seem to affect
respiration adversely and has been shown in animal studies
to stimulate respiratory drive (Garner et al. 1989). Such a
profile seems to suggest that buspirone may be a particu-
larly desirable anxiolytic for chronic anxiety conditions of
the elderly in cases in which long-term use might be indi-
cated. However, in contrast to research data, clinical expe-
rience with this medication suggests that a therapeutic re-
sponse is somewhat inconsistent. It is important to
remember that buspirone can require up to 4 weeks before
manifesting its therapeutic effects. It might be desirable to
combine buspirone initially with a short-acting benzodiaz-
epine that will provide rapid relief of symptoms but that can
then be withdrawn after 2–4 weeks, once the therapeutic
effects of buspirone have been established.

Antidepressants. Several researchers have docu-
mented the efficacy of antidepressants for panic disorder,
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TABLE 15–4. Potential complications of
long-term benzodiazepine
use in older patients

Excessive daytime drowsiness
Paradoxical reactions
Cognitive impairment and confusion
Amnesic syndromes
Psychomotor impairment and a risk of falls
Respiratory problems
Depression
Abuse and dependence
Intoxication even on therapeutic dosages
Breakthrough withdrawal reactions

Source. Adapted from Sheikh 1992a.

TABLE 15–3. Commonly used anxiolytic benzodiazepines: a summary of pharmacokinetics

Daily dose (mg)
Drug Half-life (hr) Active metabolites Adult Elderly
Alprazolam 12–15 Yes 0.25–2.0 0.125–1
Chlordiazepoxide 7–28 Yes 25–100 5–50
Clonazepam 18–56 Yes 1–8 0.5–4
Clorazepate 30–200 Yes 15–60 7.5–30
Diazepam 20–60 Yes 5–30 2–15
Lorazepam 10–20 None 1–6 0.5–3
Halazepam 15–50 Yes 20–160 20–80
Oxazepam 5–15 None 15–90 10–45
Prazepam 25–200 Yes 20–60 10–20



OCD, GAD, and PTSD in younger patients. For example,
the tricyclic imipramine and the monoamine oxidase in-
hibitor phenelzine have proven to be efficacious in younger
patients with panic disorder (Mavissakalian and Michelson
1986; Sheehan et al. 1980; Zitrin et al. 1983). More recently
the SSRIs have been shown in several randomized and con-
trolled clinical trials to demonstrate superior efficacy to
placebo and at least equal efficacy to tricyclic antidepres-
sants for panic disorder and OCD in generally younger pa-
tients (Boyer 1995; Coplan et al. 1996; Oehrberg et al.
1995). Emerging evidence indicates that newer “atypical”
antidepressants such as venlafaxine (Geracioti 1995) and
nefazodone may also be efficacious in panic disorder
(Fawcett et al. 1995).

Given these studies documenting their efficacy in
younger patients and their generally favorable side-effect
profile, the SSRIs should now be considered the first drugs
of choice for panic disorder in older patients. These medi-
cations can be given in a single daily dose to maximize com-
pliance. Two potential problems can decrease compliance
with antidepressants: delayed onset of action and a feeling
of jitters in the first 2 weeks of treatment. These problems
can be minimized by patient education, addition of benzo-
diazepines in the first few weeks, and use of very small doses
(e.g., sertraline 12.5 mg/day) at the beginning of treat-
ment, which can then be increased gradually upward.

Similar to the findings in studies of SSRIs for panic dis-
order, fluoxetine, sertraline, it has been found that
fluvoxamine, and paroxetine are all superior to placebo
control groups for OCD patients (Greist et al. 1992;
Gunasekara et al. 1998; McDougle et al. 1993). Compari-
sons also found fluvoxamine, sertraline, and paroxetine to
be equal in efficacy to clomipramine (Koran et al. 1996), a
well-established anti-OCD compound that is undesirable
for use in older patients as a result of its strong anticho-
linergic profile. In addition, phenelzine was found to be
equal in efficacy to clomipramine (Vallejo et al. 1992), but
side effects and dietary restrictions that go along with the
monoamine oxidase inhibitor make the use of this medica-
tion more problematic in older patients. As is the case of
SSRIs with panic disorder, SSRIs are increasingly being
recognized as the treatment of choice for the treatment of
OCD because they are better tolerated than clomipramine
(Stokes and Holtz 1997). This is even more the case when
treating older patients because of their sensitivity to
anticholinergic side effects of psychotropics and the poten-
tial for cumulative anticholinergic delirium when com-
bined with commonly used medications for chronic medi-
cal illnesses (Tune et al. 1992).

Over the last decade, the role of antidepressants in the
treatment of GAD has become more prominent. At least

one study has shown superior efficacy of a tricyclic antide-
pressant compared with that of a benzodiazepine for GAD
(Hoehn-Saric et al. 1988). More recently, a double-blind,
placebo-controlled study of 377 patients with GAD dem-
onstrated superior efficacy of venlafaxine compared with
that of placebo (Aguiar et al. 1998). Clomipramine, the
SSRIs, and nefazodone are being studied currently and
may also prove efficacious in GAD.

Randomized controlled trials of PTSD have been few
and infrequent (Solomon and Gerrity 1992). Though
mixed results were seen in earlier studies of tricyclic antide-
pressants (Davidson et al. 1990), SSRIs (Nagy et al. 1993),
and benzodiazepines (Feldman 1987) for PTSD, recent
open-label studies show promise with nefazodone and
SSRIs (Davidson 1998; Hertzberg et al. 1998). Random-
ized controlled trials of sertraline and nefazodone are pres-
ently under way. As is the case with studies of other anxiety
disorders, these studies have been conducted in generally
younger patients. Treatment of PTSD in older patients in
clinical practice is thus guided by results from studies in
younger patients.

In summary, it appears that SSRIs can be efficacious in
most anxiety disorders, whereas evidence is also emerging
that newer antidepressants may also be efficacious in
PTSD and panic disorder (nefazodone) and in GAD
(venlafaxine).

Antihistamines, β−blockers, and neuroleptics.
Antihistamines such as hydroxyzine and diphenhydramine
are used with varying degrees of success to sometimes man-
age mild anxiety, though empirical data are generally lack-
ing regarding their efficacy. Some older reports have sug-
gested that β-blockers such as propranolol and oxprenolol
may be suitable for some geriatric patients with anxiety and
agitation (Petrie 1983; Petrie and Ban 1981), particularly
for agitation of individuals with dementia who are refrac-
tory to antipsychotic or benzodiazepine therapy (also see
Chapters 22 and 24 in this volume). However, as a result of
the hypotensive effects of β-blockers as well as the possible
risk for developing congestive cardiac failure while taking
these agents, they are rarely used in clinical situations. A
meta-analysis of controlled trials of neuroleptics shows ev-
idence of a moderate effect of traditional neuroleptics for
management of agitation associated with dementia
(Schneider et al. 1990). Some recent evidence from a ran-
domized controlled trial supports superior efficacy of the
atypical neuroleptic risperidone compared with placebo in
the management of agitation associated with dementia
(Katz et al. 1997). Because long-term use of neuroleptics
increases the risk for developing tardive dyskinesia, any
long-term use of these agents should probably be restricted
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to agitated patients with clear evidence of, or strong clinical
impression of, underlying psychosis.

In conclusion, a variety of compounds including
benzodiazepines, buspirone, and antidepressants seem to
show effectiveness for various anxiety disorders of the el-
derly, whereas atypical neuroleptics can be useful in the
management of agitation associated with dementia.

Psychological Treatments

Although medications are frequently the first-line treat-
ment for late-life anxiety disorders, cognitive-behavior
treatment (CBT), that is, therapies that integrate both cog-
nitive and behavioral approaches, should be considered as
an alternative in cases in which the possibility of side effects
and drug interactions is high as a result of intercurrent
medical problems and polypharmacy or in which compli-
ance with a medication regimen is an issue (also see Chap-
ter 36 in this volume). Further, current treatment strategies
for panic disorder with agoraphobia and OCD usually in-
volve the use of CBT as an adjunct to pharmacotherapy
(Baer 1993; Ballenger 1993; Telch and Lucas 1993).

Substantial empirical research documents efficacy of
CBT in anxiety disorders among younger populations. For
example, several reports document efficacy of CBT in
panic disorder (Barlow and Cerny 1988; Clark 1986; Clark
et al. 1985), phobias (Marks 1981, 1987), and OCD (Marks
1981; Rachman and Hodgson 1980; Van Noppen et al.
1997) in the general population. Typically, such empiri-
cally supported therapies for anxiety disorders have applied
relaxation, exposure therapy, and cognitive therapy as their
components, either singly or in combination (DeRubeis
and Crits-Christoph 1998).

Despite the substantial number of systematic studies
documenting efficacious CBT treatments for younger pa-
tients, such studies are generally lacking for older patients.
The efficacy of numerous therapies for older adults is often
extrapolated from evidence with younger populations
(Sheikh and Salzman 1995). Sometimes modifications are
made to treatment protocols in an effort to make them
more suitable for a geriatric population, yet these modifi-
cations have not been systematically investigated (Beck and
Stanley 1997).

A few recent research studies and case reports support
the efficacy of using CBT with older patients. For panic
disorder, case studies support the use of CBT among older
adults specifically (Rathus and Sanderson 1996). A recent
study from our group (Swales et al. 1996) reported signifi-
cant improvement among older adults with panic disorder
using CBT and applied relaxation, and these gains were
maintained at the 3-month follow-up. One controlled
study has compared CBT and nondirective supportive psy-
chotherapy in a group format for older adults with GAD
(Stanley et al. 1996). Participants in both conditions mani-
fested significantly lower worry, anxiety, and depression
scores posttreatment and at 6-month follow-up. Table
15–5 summarizes strategies for effective management of
anxiety disorders in the elderly, and Table 15–6 summa-
rizes recommendations for treatment of anxiety associated
with neurological disorders in late life.

Conclusions and Future Directions

Despite increasing research interest in the area of anxiety
in younger age groups, few systematic studies of the phe-
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TABLE 15–5. Treatment strategies for anxiety disorders in late life

Disorder First-line treatment(s) Second-line treatment(s)
Panic disorder with or without

agoraphobia
SSRIs and/or CBT TCAs, MAOIs, and newer antidepressants

Generalized anxiety disorder Benzodiazepines, buspirone,
and/or CBT

SSRIs or nefazodone

Obsessive-compulsive disorder SSRIs plus CBT Clomipramine, combination
pharmacotherapy

Social phobia
Generalized
Specific

Phenelzine, SSRIs plus CBT
β blockers plus CBT

Benzodiazepines
Buspirone

Simple (specific) phobia CBT or benzodiazepines β blockers
Posttraumatic stress disorder SSRIs or nefazodone CBT
Mixed anxiety depression SSRIs or nefazodone CBT

Note. CBT = cognitive-behavior treatment; MAOIs = monoamine oxidase inhibitors; SSRIs = selective serotonin reuptake inhibitors;
TCAs = tricyclic antidepressants.



nomenology and treatment of anxiety disorders in the el-
derly have been performed. Data from ECA studies sug-
gest that anxiety disorders remain among the most
prevalent of all psychiatric disorders in the elderly. Geriat-
ric anxiety thus remains woefully underaddressed, with
large gaps of knowledge and a relevant information base
predictably inadequate. The following is a list of some of
the knowledge gaps and suggested directions for future re-
search.

1. More information is needed about the phenomenol-
ogy and clinical course of anxiety disorders in late
life, both in healthy and physically ill populations.
This goal can be achieved by designing both
cross-sectional and longitudinal surveys of the el-
derly in various settings, including community, out-
patient clinics in general medical settings, outpatient
mental health clinics, hospitals, and nursing homes.
DSM-IV criteria should be used as the guiding prin-
ciple, but not the limiting factor, in such surveys be-
cause the elderly may exhibit differences in
phenomenology from that of the general population.

2. Conducting clinical trials is a priority in the field of
late-life anxiety. Such studies need to include both
pharmacological and psychological treatments.
Lacking such investigations, both clinicians and re-
searchers will continue to rely on assumptions based
on investigations in younger patients.

3. We need to establish safe guidelines for anxiolytic
drugs for older patients. As mentioned above, the
standard practice is to use the antianxiety medica-
tions proven efficacious in younger patients.
Though most clinicians tend to be cautious with dos-
ing and mindful of the possibility of causing adverse
reactions when working with the elderly, in the ab-
sence of research data, such caution may lead to

underdosing at times. Thus, empirically derived
guidelines are needed for dosing, safety, efficacy, and
specificity of these drugs in the elderly.

4. As for younger patients, studies are needed to estab-
lish the unique efficacy of the combination of phar-
macological and psychological treatments for several
anxiety disorders in older adults. This need is partic-
ularly true for panic disorder and OCD, in which
cases clinicians frequently consider combination
treatment based on symptomatology. However, em-
pirical validation of such practice is needed.

5. Studies are needed to examine the differential phe-
nomenology, clinical course, and treatment re-
sponses of late-onset anxiety disorders compared
with anxiety disorders with onset in earlier life.

6. We need to design anxiety rating instruments spe-
cific for the elderly. Data from even well-designed
treatment studies may not accurately reflect the ex-
tent of patients’ anxiety unless reliable and valid
measuring tools are available. The existing rating
scales for anxiety have in general not been validated
in the elderly. Validation studies of the existing mea-
sures of anxiety in the elderly using structured diag-
nostic interviews as the external validation criteria
are needed. Such studies may lead to the develop-
ment of better instruments specifically geared to
measure anxiety in the elderly, both to carry out as-
sessments as well as to measure progress in treat-
ment.

7. We need to conduct studies in patients who are med-
ically ill. Medical comorbidity is common in older
patients and can complicate both assessment and
treatment of anxiety. Most older patients are on sev-
eral medications concurrently, which can lead to
unwanted or unexpected interactions. Such interac-
tions can exaggerate or reduce the therapeutic effi-
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TABLE 15–6. Recommendations for treatment of anxiety associated with neurological disorders common
in late life

Disorder Predominant manifestations of anxiety Recommendation(s) for treatment
Parkinson’s disease Mixed anxiety and depression Serotonergic drugs (e.g., buspirone,

nefazodone, SSRIs)
Agitation Atypical neuroleptics

Alzheimer’s disease Mixed anxiety and depression Serotonergic drugs
Agitation Atypical neuroleptics, anticonvulsants,

serotonergic drugs
Stroke Mixed anxiety and depression Serotonergic drugs

Posttraumatic stress disorder SSRIs, nefazodone

Note. SSRIs = selective serotonin reuptake inhibitors.



cacy of pharmacological treatments. Treatment
investigations in this subgroup of older patients are
clearly needed. Such investigations can guide the
field in creating algorithms for treating such pa-
tients.
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16
Substance Abuse

Roland M. Atkinson, M.D.

Introduction

Significant substance abuse occurs in older persons, al-
though for various reasons the scope of the problem has
been appreciated only recently. The view, espoused in sev-
eral influential papers in the 1960s, that substance abuse
was seldom seen after middle age was not challenged for
several decades (Atkinson et al. 1992). People with lifelong
addictions to alcohol and drugs were presumed to have
died prematurely or to have recovered spontaneously, and
late-onset addiction was said to be rare. Trained to this
view, clinicians often overlook these disorders in elderly
persons. In addition, symptoms of substance abuse in older
individuals may mimic symptoms of other medical and be-
havioral disorders, leading to misdiagnosis. Elderly per-
sons, in particular, tend to underreport drinking problems,
and clinicians also are less likely to record these problems
and to make appropriate referrals in this population (Booth
et al. 1992; Curtis et al. 1989; McInness and Powell 1994;
Moos et al. 1993). In this chapter, I address substance abuse
in elderly individuals. I begin with an overview of the terms
and concepts used in the field, as well as risk factors in-

volved in substance abuse in late life. General principles of
assessment and management are then discussed. Finally,
special sections are presented on alcohol, benzodiazepines,
tobacco, and other substance use and dependence.

General Terms and Concepts
in the Field of Substance Abuse

Table 16–1 lists the definitions of substance abuse terms
used in this chapter. Two currently used sets of criteria for
the diagnosis of substance dependence, the fundamental
behavior disorder underlying most substance-related
problems, are listed in Table 16–2. Although similar, these
criteria sets differ sufficiently that agreement between
them on case classification is less than optimal (Caetano
and Tam 1995). (For further general information on sub-
stance abuse, see Begleiter and Kissin 1996; Lowinson et al.
1997; and Schuckit 1995.)

Importance of Substance
Abuse in the Elderly

Alcohol use disorders and subsyndromal drinking prob-
lems are common in aging persons until well into the

Linda Ganzini helped prepare an earlier version of this chapter.
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eighth decade of life, especially in men. In addition to the
negative behavioral and social consequences of these disor-
ders that are seen at any age, alcoholism in older persons
confers special hazards by aggravating a number of physical
and mental disorders and altering the metabolism of many
prescribed medications. Older persons as a group respond
favorably to treatment for problem drinking.

The elderly are the most likely age group to receive
long-term prescribed benzodiazepines. In addition to in-
ducing physical dependence in a substantial proportion of
these patients, long-term benzodiazepine administration
often impairs cognitive status and general functioning of
elderly persons.

Tobacco dependence is the most common addictive
problem in the older population and doubles the mortality
rate from all diseases. When smoking cessation strategies
are suitably tailored to the older smoker, quit rates are fa-
vorable, and within 1–2 years of quitting, measurable re-
duction in mortality is evident.

Risk Factors for Substance Use
Disorders in Later Life

Biomedical manifestations of substance abuse are as im-
portant in older patients as the psychosocial manifestations
that form the more familiar clinical picture of these disor-
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TABLE 16–1. Definitions of some terms used in the substance abuse field

Psychoactive: Any chemical—alcohol, tobacco, therapeutic
agent, industrial compound, or illicit drug—with important
effects on the central nervous system.

Substance: A psychoactive that typically is associated with a
substance use disorder. The term includes alcohol; opioids;
sedative-hypnotics; antianxiety agents of the barbiturate and
benzodiazepine types; psychomotor stimulants, especially
amphetamines and cocaine; tobacco products; and certain
over-the-counter psychoactives. The terms chemical and
drug in this context are synonymous with substance
(e.g., “chemical dependence,” “drug abuse”).

Drink: A standard drink of beverage alcohol is equivalent to a
12-ounce domestic beer (alcohol content approximately
4%), a 4-ounce glass of table wine (approximately 12%
alcohol), or a mixed drink containing 1–11

2 ounces of hard
liquor (about 40% alcohol).

Use: Appropriate medical or social consumption of a
psychoactive in a manner that minimizes the potential for
dependence or abuse.

Heavy use: Use of a substance in greater quantity than the
usual norms, but without obvious negative social,
behavioral, or health consequences. Heavy alcohol or
tobacco users may be dependent upon the substance. At-risk
or risky drinkers refer to heavy consumers of alcohol,
usually at rates of more than 15–21 drinks per week for
men, 10–14 for women, or binges in which more than
4–6 drinks are consumed on a single drinking occasion.
Safe drinking levels for healthy elderly persons are
recommended by the National Institute on Alcohol Abuse
and Alcoholism and are not to exceed 7 drinks per week or
2 drinks on a single drinking occasion.

Misuse: Use of a prescribed drug in a manner other than as
directed. The term can mean overuse, underuse, improper
dose sequencing, and lending or borrowing another’s
medication, with or without harmful consequences.

Problem use: Use of a substance in a manner that induces
negative social, behavioral, or health consequences.

A “problem” user may or may not meet criteria for
substance dependence or abuse, although many do. Alcohol
“problems” or drug “problems” are categories that often
have been used by epidemiologists in community prevalence
surveys.

Abuse: Abuse of a substance is defined in DSM-IV (American
Psychiatric Association 1994) as a maladaptive pattern of
substance use leading to clinically significant impairment or
distress, as manifested by one or more of the following,
occurring within a 12-month period: 1) recurrent substance
use resulting in failure to fulfill major role obligations at
work or home; 2) recurrent substance use in physically
hazardous situations; 3) recurrent substance-related legal
problems; 4) continued substance use despite having
persistent or recurrent social or interpersonal problems
caused or exacerbated by the effects of a substance
(pp. 182–183). Harmful use (ICD-10; World Health
Organization 1992) approximates abuse in definition.
Both imply milder severity of substance involvement than
that in substance dependence.

Dependence: Dependence upon a substance is defined by
explicit diagnostic criteria, such as those listed in DSM-IV
or ICD-10 (Table 16–2). Serious and persistent
involvement in the heavy use of the substance is the rule.
These approaches set aside the older distinction between
physical dependence and psychological dependence, which are
now viewed as differing manifestations of similar disorders.
The terms alcoholism and addiction are usually used as
synonyms for dependence on alcohol and other drugs,
respectively.

Substance use disorder: A clinical condition in which
substance abuse or substance dependence can be
diagnosed.

Substance abuse, chemical dependence, and addictions:
These terms are often used to refer to the entire
professional or scientific field.



ders in younger patients. The risk factors listed in Table
16–3 reflect this perspective. Predisposing factors are simi-
lar at all ages. Factors that may increase substance exposure
and consumption level and thus set the stage for abuse or
dependence in some individuals include demographics, for
example, gender and ethnicity (Helzer et al. 1991); chronic
illnesses for which controlled substances are often pre-
scribed on a regular basis (American Psychiatric Associa-
tion 1990; Finlayson and Davis 1994); institutionalization
in long-term care settings (Beardsley et al. 1989; Beers et al.
1988; Buck 1988); and several psychological and social fac-
tors, especially negative affects associated with loss and
loneliness (Dupree and Schonfeld 1998). Factors that in-
crease or prolong the effects of substances with age (e.g.,
pharmacokinetic and pharmacodynamic factors; see Chap-

ter 34 in this volume) may increase their dependence liabil-
ity, although studies proving such an effect with regard to
alcohol, benzodiazepines, or opioid analgesics are lacking
(Ozdemir et al. 1996). Regular alcohol or psychoactive
drug use can also increase functional impairment caused by
a variety of illnesses that are more common in old age, for
example, cognitive, cardiovascular, pulmonary, gastroin-
testinal, and metabolic disorders. Clinical complications
can arise from adverse drug-drug interactions between
psychoactive substances and other prescribed medications
(W. L. Adams 1995; Korrapati and Vestal 1995). These al-
terations in biological sensitivity to drugs, comorbid medi-
cal illness, and medication interactions can lead to biomed-
ical problems in the elderly at substance consumption rates
that would have caused little or no difficulty earlier in life.
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TABLE 16–2. DSM-IV versus ICD-10 criteria for substance dependence

DSM-IV criteria ICD-10 criteria
1. Tolerance, as defined by either of the following:

a. A need for markedly increased amounts of the
substance to achieve intoxication or desired effect; or

b. Markedly diminished effect with continued use of
the same amount of the substance.

2. Withdrawal, as manifested by either of the following:
a. The characteristic withdrawal syndrome for the

substance; or
b. The same (or a closely related) substance is taken to

relieve or avoid withdrawal symptoms.
3. The substance is often taken in larger amounts or over

a longer period than was intended.
4. There is a persistent desire or unsuccessful efforts to

cut down or control substance use.
5. A great deal of time is spent in activities necessary to

obtain the substance (e.g., visiting multiple doctors or
driving long distances), use the substance (e.g., chain
smoking), or recover from its effects.

6. Important social, occupational, or recreational activities
are given up or reduced because of substance use.

7. Substance use is continued despite knowledge of having
a persistent or recurrent physical or psychological
problem that is likely to have been caused or exacerbated
by the substance (e.g., current cocaine use despite
recognition of cocaine-induced depression; continued
drinking despite a peptic ulcer made worse by alcohol
consumption).

1. Strong desire or sense of compulsion to take the substance.
2. Difficulties in controlling substance-taking behavior in

terms of its onset, termination, or levels of use.
3. A physiological withdrawal state when substance use has

ceased or been reduced, as evidenced by: the characteristic
withdrawal syndrome for the substance; or use of the same
(or a closely related) substance with the intention of
relieving or avoiding withdrawal symptoms.

4. Evidence of tolerance, such that increased doses of the
psychoactive substance are required to achieve effects
originally produced by lower doses (clear examples of this
are found in alcohol- and opiate-dependent individuals who
may take daily doses sufficient to incapacitate or kill
nontolerant users).

5. Progressive neglect of alternative pleasures or interests
because of psychoactive substance use, increased amount
of time necessary to obtain or take the substance, or to
recover from its effects.

6. Persisting with substance use despite clear evidence of
overtly harmful consequences, such as harm to the liver
through excessive drinking, depressive mood states
consequent to periods of heavy substance use, or
drug-related impairment of cognitive functioning; efforts
should be made to determine that the user was actually, or
could be expected to be, aware of the nature and extent of
the harm.

Note. For either system, at least three of the listed criteria must be met in the same 12-month period in order to make the diagnosis of depend-
ence on a substance.
Source. Adapted from American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, 4th Edition. Washington, DC,
American Psychiatric Association, 1994, p. 181; World Health Organization: International Classification of Diseases, 10th Edition. Geneva, Switzer-
land, World Health Organization, 1992, pp. 75–76.



Principles of
Assessment and Management

Assessment of Geriatric
Substance Use Disorders

General approach. Use of alcohol, tobacco prod-
ucts, prescription and over-the-counter psychoactive
agents, and illicit substances should routinely be surveyed
during the initial evaluation of all older adults. Standard-
ized screening measures are available for problem drinking
in geriatric patients, although accuracy of self-reports var-
ies. Denial of substance abuse is common in affected per-
sons of all ages and may be exaggerated in elderly patients
because of memory problems, pessimism about recovery,

and shame based on a belief that substance abuse is im-
moral. For these reasons, careful rapport building through
repeated contacts; inquiry with relatives, caregivers, and
others in the social network; reviews of medical and phar-
macy records; and home visitation are especially useful case
assessment methods. DSM-IV (American Psychiatric As-
sociation 1994) and ICD-10 (World Health Organization
1992) dependence criteria offer a reasonable framework
for acquiring information to establish a clinical diagnosis
(Table 16–2).

Special examinations. Physical and laboratory
findings can help to establish a diagnosis of alcohol de-
pendence. Toxicological examinations of urine and blood
for other suspected substances can be useful to corroborate
the history. Neuropsychological evaluation and brain im-
aging (computed tomography, magnetic resonance imag-
ing [MRI]) may help identify complicating brain disorders.
Primary dementias and dementias secondary to alcohol or
drugs may produce similar initial cognitive or imaging def-
icits. Because substance-induced deficits either remain
static or actually improve with abstinence (Brandt et al.
1983; I. Grant et al. 1984; Larson et al. 1984a; Muuronen et
al. 1989; Pfefferbaum et al. 1995; Schroth et al. 1988), serial
psychometric and brain imaging studies may be useful in
differential diagnosis (Oslin et al. 1998).

Clinical Features

In old age, the signs and symptoms of substance use disor-
ders can be subtle, be atypical, or mimic symptoms of other
geriatric illness. In mild or circumscribed cases among
community-dwelling elderly, episodic alcohol abuse or
benzodiazepine dependence may not produce obvious
physical signs or complaints and may be easily concealed
from others. Some heavy drinkers may have a circum-
scribed clinical presentation of increasingly uncontrolled
hypertension or diabetes mellitus, whereas moderate
benzodiazepine or alcohol dependence may present with
the complaint of forgetfulness. In more severe cases, sub-
stance abuse can produce or aggravate delirium or demen-
tia (American Psychiatric Association 1990; Freund 1987;
Ron 1983), which the clinician may erroneously attribute
to other causes. Other serious but nonspecific presenting
signs and symptoms (e.g., poor grooming, squalid living
quarters, depression, erratic changes of mood or behavior,
malnutrition, bladder and bowel incontinence, muscle
weakness or frank myopathy, gait disorders, recurring falls,
burns, or head trauma) may be caused by unsuspected alco-
hol or drug abuse. Other features that may be associated
with alcohol or prescription drug dependence include
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TABLE 16–3. Risk factors for substance abuse in
the elderly

Predisposing factors
Family history (alcohol)
Previous substance abuse
Previous pattern of substance consumption

(individual and cohort effects)
Personality traits (sedative-hypnotics and anxiolytics)

Factors that can increase substance exposure and
consumption level
Gender (men: alcohol and illicit drugs; women:

sedative-hypnotics and anxiolytics)
Chronic illness associated with pain (opioid analgesics),

insomnia (hypnotic drugs), or anxiety (anxiolytics)
Long-term prescribing (sedative-hypnotics and

anxiolytics)
Caregiver overuse of as-needed medication

(institutionalized elderly)
Life stress, loss, social isolation
Negative affects (depression, grief, demoralization, and

anger) (alcohol)
Family collusion and drinking partners (alcohol)
Discretionary time, money (alcohol)

Factors that can increase the effects and abuse potential
of substances
Age-associated drug sensitivity (pharmacokinetic and

pharmacodynamic factors)
Chronic medical illnesses
Other medications (alcohol-drug and drug-drug

interactions)



heavy tobacco use, chronic pain syndromes or insomnia,
persistent family discord, a course of inexplicable ups and
downs in mood, a pattern of doing well in hospital but
poorly at home, and patient or caregiver defensiveness
when queried about substance use. When such features are
noted, the clinician needs to be especially alert to the possi-
bility of underlying substance dependence.

Case Management and Treatment

Brief interventions (e.g., physician advice to cease or cut
down alcohol use, adjustment of prescribed medications,
smoking cessation measures) can prevent or resolve some
substance-related problems. More severe substance use
disorders require further treatment. The goals of sub-
stance abuse treatment in the elderly are threefold: 1) stabi-
lization, reduction, or cessation of substance consumption;
2) treatment of coexisting medical and psychiatric prob-
lems; and 3) arrangement of appropriate educational and
social interventions to reduce the risk of relapse. Reducing
consumption can be complicated and hazardous, requiring
initial hospital care and a protracted outpatient course in
cases of long-standing or high-dose dependence. Treat-
ment of coexisting problems can be a crucial step in curbing
substance consumption, especially when chronic pain,
chronic insomnia, or a mood disorder has been a major fac-
tor sustaining the substance dependence or when serious
medical complications of substance abuse are present.
Cognitive-behavioral techniques teach patients to cope
more effectively with circumstances that typically have
triggered substance use (Dupree and Schonfeld 1998). So-
cial interventions range from informal plans (e.g., arrang-
ing for increased visitation by loved ones or enrollment in a
senior activity program or day center) to admission to a se-
nior substance abuse program (Atkinson 1995).

Alcohol Use Disorders and
Alcohol-Associated Organic
Mental Disorders

Epidemiology

Alcohol use and alcohol problems decline with age but still
constitute a significant public health problem. Recent
community surveys show that alcohol use in the United
States is most prevalent in the age group 25–45 years and
declines stepwise in older age cohorts to 12-month preva-
lence levels, among persons age 55 and older, of 46% who
report any alcohol use (Ruchlin 1997) and 30% who report
having consumed at least 12 drinks in the past 12 months

(B. F. Grant 1997). Rates of any recent alcohol use con-
tinue to decline after age 55 to 25% of persons age 85 and
older (Ruchlin 1997). Rates of heavy alcohol use, problem
use, and alcohol dependence also decline with age from
peaks in middle life (B. F. Grant 1997). Community preva-
lence rates for heavy and problem use of alcohol by older
persons vary widely depending upon the population sam-
pled and definitions of use (Atkinson 1990). Because of as-
sociated health problems, older alcoholic patients are
much more commonly encountered in clinical settings. Il-
lustrative reports on the prevalence of active alcohol prob-
lems in elderly clinical cohorts are summarized in Table
16–4. For comparison, this table also notes the prevalence
of at-risk drinkers (persons identified in clinical settings
who report heavy alcohol consumption without current al-
cohol-related problems) and community prevalence of al-
cohol dependence from two large national surveys.

Older men are twice as likely to use alcohol as are older
women (B. F. Grant 1997), and older men are two to six
times more likely than women to be problem drinkers
(Atkinson 1990; Callahan and Tierney 1995; B. F. Grant
1997). These patterns hold true across diverse ethnic and
racial groups (Barker and Kramer 1996; Callahan and
Tierney 1995; B. F. Grant 1997; Lowe et al. 1997). Once al-
cohol dependence develops, it is more likely to persist in
older men—especially black and Hispanic men—than in
women (Callahan and Tierney 1995; Gomberg and Nelson
1995; B. F. Grant 1997). Negative health and social conse-
quences of drinking are more severe in older black men
with alcoholism than in older white men (Gomberg and
Nelson 1995). Older homeless persons are more likely than
younger homeless to be men and to meet criteria for life-
time alcohol use disorders (DeMallie et al. 1997). Indeed,
prevalence data support the conclusion that alcoholism
constitutes a public health problem of moderate propor-
tion in men in their 60s and 70s.

As noted above, cross-sectional studies show a decline
in the prevalence of alcohol dependence with age (B. F.
Grant 1997). Some decline is accounted for by premature
deaths of those with early-onset alcoholism and by moder-
ation or cessation of drinking over time by those surviving
alcoholism (Liberto et al. 1992) and by social drinkers
(W. L. Adams et al. 1990). But longitudinal studies show
that many drinkers maintain steady consumption levels
into later life (Glynn et al. 1985; Gordon and Kannel 1983).
Because younger birth cohorts have demonstrated increas-
ingly higher rates of alcohol consumption and alcoholism,
especially after the end of Prohibition and World War II
(Atkinson et al. 1992; B. F. Grant 1997; Heath et al. 1997),
the prevalence of alcohol problems in old age may increase,
especially among women, for birth cohorts entering their
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60s in the years ahead. Even if prevalence rates remain sta-
ble, the anticipated aging of the general population over
the next several decades will increase the absolute numbers
of older problem drinkers substantially (American Medical
Association 1996).

Patterns of Alcohol Use and Abuse

Heavy versus problem drinking. For the minor-
ity of aging persons who consume more than modest
amounts of alcohol, the pathophysiological effects of alco-
hol in many instances may have more serious clinical con-
sequences because of increasing biological sensitivity to al-
cohol and because alcohol aggravates preexisting diseases
that are more common in later life. When older people
continue to drink despite feeling unwell or advice to stop,
this meets the definition of abusive drinking, even though
such drinking may not be associated with socially deviant

behavior or the desire to feel intoxicated. Put another way,
the distinction between heavy drinking and problem
drinking narrows with age (Chermack et al. 1996b).

Reactive drinking. Some older alcoholic patients
(people with late-onset alcoholism, those who have a late
relapse in early-onset alcoholism after years of sobriety, or
those who have had a recent increase in lifelong heavy
drinking) report major losses and chronic strains and has-
sles as precipitants of increased drinking. On the other
hand, the relationship among alcohol use, alcohol prob-
lems, and life stress in older adults is enigmatic and com-
plex, and findings vary from study to study (Finney and
Moos 1984; Welte and Mirand 1995). Community studies
of older drinkers show that good health, cohabitation, and
financial well-being, rather than adversity, tend to corre-
late with increased alcohol consumption (Barnes 1979;
Busby et al. 1988; C. M. Nakamura et al. 1990; Ruchlin
1997), whereas financial strain and poor health can be asso-
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TABLE 16–4. Prevalence of active alcohol problems (current or in past year) among older patients in
selected clinical settings

Setting (source)
Age

cutoff
Sample

size Gender
Frequency of

active alcoholism
Frequency of

at-risk drinking
General medical outpatient clinic, Omaha, NE

(Jones et al. 1993)
≥ 65 154 Both 4% NA

Acute medical inpatient wards, San Diego, CA
(Schuckit et al. 1980)

≥ 65 222 Men 6% NA

Community geriatric outreach mental health team,
Seattle, WA (Reifler et al. 1982)

≥ 60 2,309 Both 9% NA

Primary care medical clinic, Indianapolis, IN
(Callahan and Tierney 1995)

≥ 60 3,954 Both 11% NA

Emergency department visitors, Chapel Hill, NC
(W. L. Adams et al. 1992)

≥ 65 205 Both 14% NA

Nursing home admissions, Portland, OR
(Joseph et al. 1995)

> 50a 117 Botha 18% NA

Geriatric psychiatry residential treatment unit,
Tampa, FL (Speer and Bates 1992)

≥ 55 128 Both 23% NA

U.S. national community sample, 1992
(Grant 1997)

≥ 55 Several
thousandb

Both 1% NA

U.S. sample, five communities, 1980
(Helzer et al. 1991)

≥ 65 Several
thousandb

Both Men: 3.1%
Women: 0.5%

NA

At-risk drinkers, primary care office practices, SE
Wisconsin (W. L. Adams et al. 1996)

≥ 60 5,065 Both NA Men: 15%c

Women: 12%
At-risk drinkers, medical wards, London

(Bristow and Clare 1992)
≥ 65 650 Both NA Men: 9%d

Women: 4%

Note. NA = not applicable.
aMean age 69 years; SD = 8.6; 97% of sample male.
bExact number not stated in report.
cMen > 14 drinks per week; women > 7 drinks per week.
dMen ≥ 20 drinks per week; women ≥ 10 drinks per week.



ciated with resolution of drinking problems or achieve-
ment of abstinence (Moos et al. 1991). Once a pattern of ex-
cessive alcohol use has been established, evanescent
negative affect states (e.g., depression, sadness, boredom,
anger, tension) and, far less often, positive affects (e.g.,
calmness, cheerfulness, friendliness) can trigger repeated
drinking episodes (Dupree and Schonfeld 1998). Social re-
inforcement for heavy drinking is evident in some, but not
all, congregate retirement settings (W. L. Adams and Cox
1995; Alexander and Duff 1988; Paganini-Hill et al. 1986).

Early- versus late-onset alcohol problems. Al-
thoughonset of alcoholism after age 45 was long thought to
be rare, findings from community (Eaton et al. 1989) and
clinical samples (Atkinson 1994; Atkinson et al. 1990) offer
evidence that late-onset alcoholism (i.e., onset after age 55,
60, or 65) is not uncommon. The notion that late-onset al-
cohol dependence usually occurs secondary to a mood or
organic mental disorder also has not been upheld by recent
systematic studies (Atkinson 1994). Cases in which persons
with early-onset alcoholism achieved prolonged absti-
nence in middle life, but relapsed later, can be mistaken for
late-onset alcoholism. Others with late-onset problems
were social drinkers (Neve et al. 1997) or heavy or reactive
drinkers (Schutte et al. 1998) in the past. Late-onset alco-
hol problems are typically milder and more circumscribed
than those beginning earlier in life. Compared with those
with early-onset problem drinking, those with late-onset
problem drinking tend to have less alcoholism among rela-
tives, less psychopathology, and higher socioeconomic sta-
tus, and a larger proportion are women (Atkinson 1994;
Liberto and Oslin 1995). Although clinical evidence sup-
ports the view that late-onset drinking problems often be-
gin in reaction to life stress (e.g., Finlayson et al. 1988), it is
not true that those with late-onset drinking problems ex-
hibit more reactive drinking than those with early-onset
drinking problems. Compared with alcoholism of long du-
ration, late-onset drinking problems tend to resolve more
often without formal treatment (Moos et al. 1991) and may
be more amenable to treatment (Atkinson 1994, 1995;
Atkinson et al. 1993; Schonfeld and Dupree 1991).

Therapeutic Use and Health
Maintenance Value of Alcohol

Use for socialization and appetite. The use of
small amounts of beverage alcohol has been advocated as a
social adjuvant in elder residential care facilities (reviewed
in Atkinson and Kofoed 1984). Similarly, alcohol is often
touted as an appetite stimulant: in healthy elderly persons

caloric intake and blood levels of some micronutrients may
increase with alcohol intake, though other micronutrient
levels decrease (Jacques et al. 1989). Clinicians who advise
outpatients to use alcohol should beware that in the resi-
dential studies mentioned above the quantity of alcohol
consumed was regulated and its use within a social context
was ensured. Iatrogenic alcohol use disorders do occur. Al-
cohol as an “aid” for sleep is discussed below.

Protective value of alcohol against coronary
heart disease. Consumption of regular but moder-
ate amounts of alcohol (up to two drinks per day) tends to
be associated with lower morbidity and mortality from cor-
onary artery disease (CAD), especially in men, compared
with that in heavy alcohol users and abstainers. This “U”-
or “J”-shaped relationship appears to be quite robust. Ex-
planations for a protective effect of alcohol in CAD include
that alcohol elevates plasma levels of high-density lipopro-
tein cholesterol, reduces blood platelet aggregation, and
has other anticoagulant effects, although under some cir-
cumstances alcohol also increases selected hemostatic pro-
cesses (Davidson 1989; Srivastava et al. 1994). The antioxi-
dant effects of beverage alcohol might also play a role
(Artaud-Wild et al. 1993; Soleas et al. 1997). The heteroge-
neous abstainer group might be expected to include sub-
groups at high risk for CAD, for example, former drinkers
and others with poor health, which might also explain why
abstainers fare worse than moderate drinkers. Unfortu-
nately, a number of reported studies did not characterize
their abstainer cohorts. These include two studies report-
ing a protective effect that focused exclusively on the el-
derly (Colditz et al. 1985; Scherr et al. 1992).

Protective value against other health prob-
lems. A more general apparent protective effect of
moderate drinking on mortality from all causes has been
demonstrated in several studies (e.g., Colditz et al. 1985;
Mertens et al. 1996; Thun et al. 1997), even taking into ac-
count those diseases for which increasing alcohol con-
sumption is clearly associated with higher mortality. In one
study of 490,000 persons age 35–70, moderate drinking re-
duced overall mortality by about 20%, although much of
this general effect on mortality may be related to cardiovas-
cular disease (Thun et al. 1997). Recent reports that mod-
erate alcohol intake (especially red table wine) may have a
beneficial effect on cognitive status (Christian et al. 1995;
Dufouil et al. 1997; Letenneur et al. 1993; Orgogozo et al.
1997) and a possible protective effect against development
of age-related retinal macular degeneration (Obisesan et
al. 1998) require further study. An unexpected finding in
several studies of alcohol and mortality that focused on
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older persons is that, in contrast to findings in studies of
younger and mixed-age cohorts, no significant increase in
mortality risk was found among heavier-drinking older
adults with regard to CAD (Klatsky et al. 1981, 1992), car-
diovascular disease in general (Thun et al. 1997), or mor-
tality from all causes (Mertens et al. 1996). Possible expla-
nations for this finding have included a selective survival
effect, that is, that only healthier heavy drinkers survive to
older ages, or moderation or cessation of drinking with age,
so that former heavy drinkers now appear in the abstainer
and moderate-drinking categories (Mertens et al. 1996).

Safe drinking levels in old age. Although evi-
dence is accumulating that modest regular drinking has
protective effects on health, not all recent large surveys
confirm this finding (Hanna et al. 1997). Clinicians advis-
ing patients whether to drink obviously must weigh the
possible protective effects of alcohol in light of the health
status of the individual patient. Patients who already have
cardiovascular, hepatic, neoplastic, or organic mental dis-
eases should not drink, nor should patients receiving com-
plex medication regimens. Deaths from disorders made
worse by alcohol clearly increase with an increase in alco-
hol consumption level (Thun et al. 1997). The National In-
stitute on Alcohol Abuse and Alcoholism currently recom-
mends that physically fit older adults drink an average of no
more than one standard drink daily, or seven drinks per
week, and no more than two drinks per drinking occasion
(National Institute on Alcohol Abuse and Alcoholism
1995).

Clinical Features, Complications, and
Course of Alcohol Use Disorders

Primary and associated features; screening
and diagnosis. Little evidence suggests that the el-
derly population differs greatly from other age groups in
the primary manifestations of alcohol dependence (Table
16–2), even though several of the criteria for alcohol de-
pendence (i.e., those related to social consequences) have
questionable relevance for some elderly persons (Atkinson
1990). However, differences have been found between
older and younger alcoholic patients. Biomedical conse-
quences and complications become more evident with age,
as previously discussed. Older people with alcoholism, es-
pecially women, more often drink alone at home than do
younger people with alcoholism, and they are more likely
to drink in response to negative affects, such as depression
or loneliness, whereas younger people with alcoholism
drink in response to a wider variety of personal and social

circumstances (Schonfeld et al. 1995). People with
late-onset alcoholism may show fairly mild impairment,
evidence for abuse but not dependence, and little evidence
of either physical or psychiatric comorbidity (Atkinson
1994; Atkinson et al. 1990; Liberto and Oslin 1995). The
CAGE test is an effective screening device for alcoholism
in the elderly (Buchsbaum et al. 1992; T. V. Jones et al.
1993; Joseph et al. 1995; Morton et al. 1996), as is the
MAST-G, a version of the Michigan Alcoholism
Screening Test designed for the elderly (Blow et al. 1992b;
Joseph et al. 1995; Morton et al. 1996). Not all studies agree
that these screening questionnaires are sufficiently sensi-
tive and specific in the elderly (Luttrell et al. 1997), and the
CAGE was shown in one large study to be inadequate to
identify at-risk drinkers or binge drinkers (W. L. Adams et
al. 1996). It is also necessary to inquire about quantity and
frequency of drinking because alcohol consumption is not
surveyed by either the CAGE, the MAST-G, or DSM-IV
alcohol use disorder criteria. Several characteristic labora-
tory abnormalities accompanying many cases of alcohol
dependence are listed in Table 16–5.

Medical complications. Older patients with alco-
holism are at high risk for development of multiple medical
problems (Piette et al. 1998); these have been reviewed ex-
tensively elsewhere (Gambert and Katsoyannis 1995; J. W.
Smith 1995). Alcohol-related liver disease, when present,
carries a poor prognosis if drinking continues (Woodhouse
and James 1985). A number of cancers (mouth, esophagus,
pharynx, larynx, liver, colorectal), hypoglycemia, hyper-
uricemia, hypertriglyceridemia, osteoporosis, anemias,
congestive heart failure, aspiration pneumonia, and acci-
dental injuries can also be caused or aggravated by alcohol
dependence. Breast cancer in one large recent survey was
1.3 times more common in women who currently drink
than in nondrinkers (Thun et al. 1997). Control of hyper-
tension and diabetes mellitus is compromised by excessive
drinking. Alcohol-associated mental disorders and psychi-
atric comorbidities are considered separately below.

Adverse drug reactions. Several varieties of prob-
lematic alcohol-drug interactions can occur. Acute doses of
alcohol compete with many medications for hepatic
drug-metabolizing enzymes in the cytochrome P450 sys-
tem, which can produce higher than desired drug blood
levels (Lieber 1991; see also Chapter 34 in this volume).
Long-term alcohol dosing, on the other hand, induces the
cytochrome P450 system and can lead to more rapid me-
tabolism of the same medications, with resulting lower
than desired drug blood levels. Drugs commonly pre-
scribed for the elderly that may be affected include warfa-
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rin, phenytoin, most benzodiazepines, and propranolol.
Inhibition of hepatic alcohol dehydrogenase by such drugs
as chlorpromazine and isoniazid or inhibition of gastric al-
cohol dehydrogenase by histamine receptor antagonists
(e.g., cimetidine, ranitidine, nizatidine) can reduce alcohol
metabolism and lead to higher blood alcohol levels (W. L.
Adams 1995). Alcohol acts in the brain to intensify the de-
pressant effects of opioids and sedative-hypnotic agents
(Korrapati and Vestal 1995). When regular heavy drinking
accompanies use of nonsteroidal anti-inflammatory drugs,
bleeding times may be increased and the risk of gastrointes-
tinal hemorrhage is higher (W. L. Adams 1995). Details of
these and other clinically hazardous alcohol-medication
interactions have recently been reviewed elsewhere (W. L.
Adams 1995; Korrapati and Vestal 1995).

Course. The span from onset of the first alcohol prob-
lem to date of entry into current treatment can be as long as
50 years, and over this course, drinking may have been
steady, progressive, or fluctuating. In some cases, sober pe-
riods of 10 years or more occur between problem drinking
episodes. People with late-onset problem drinking often
resolve their problems without formal treatment (Moos et
al. 1991), and many with early-onset alcoholism can and do
achieve long-term abstinence or controlled, problem-free
drinking, with or without treatment (Chermack et al.
1996a; Vaillant 1995). Older alcoholic patients who com-

plete treatment have variable outcomes: younger age, un-
married status, and psychiatric comorbidity predicted
4-year readmission for drinking relapse in one nationwide
study (Moos et al. 1994). Although cross-sectional surveys
that are further stratified for age after 60 indicate that as
many as 25% of persons age 85 and older continue to use al-
cohol in modest amounts (Ruchlin 1997), rates of problem
drinking after age 85 are negligible.

Alcohol-Associated Mental Disorders

Alcohol-associated mental disorders are listed in Table
16–6 and described in standard texts on neuropsychiatry
(Lishman 1997; Yudofsky and Hales 1997). Selected fea-
tures of these disorders are highlighted that have special
relevance to geriatric alcoholism and geriatric neuro-
psychiatry.

Aging and alcohol neurotoxicity. Although
one strongly supported perspective is that all alcohol-
related brain damage is a consequence primarily of thia-
mine deficiency and thus related to the Wernicke-
Korsakoff syndrome (“continuity theory”) (Langlais 1995;
Victor et al. 1989), alcohol itself is a potent neurotoxin that
may cause central nervous system (CNS) pathology, espe-
cially cortical damage. Evidence for an age-associated in-
crease in CNS sensitivity to alcohol has been demonstrated

Substance Abuse 375

TABLE 16–5. Frequency of laboratory abnormalities in elderly and younger inpatients with alcoholism

Results
Patients ≥ 65 yearsa Younger patientsb

Blood tests Number Percent Number Percent
MCH increased 213 71 123 57*
AST increased 214 56 123 42**
GGT increased 123 55 101 48
MCV increased 213 44 124 17*
Glucose increased 206 32 124 36
Uric acid increased 201 21 123 < 1*
Albumin decreased 186 17 115 3*
Alkaline phosphatase increased 213 11 123 15
Triglycerides increased 191 16 122 19
Phosphorus increased 198 9 124 11

Note. Number refers to the number of patients tested in each age group; percent is the percent of patients tested in the age group who had an
abnormal value. AST = aspartate aminotransferase; GGT = γ-glutamyltransferase; MCH = mean corpuscular hemoglobin; MCV = mean corpus-
cular volume.
aOlder patients: N = 216; mean age 69.6 years; age range 65–83 years.
bYounger patients: N = 125; mean age 44.3 years; age range 19–64 years.
*P < .01 using Wilcoxon two-sample rank sum test to compare age groups for proportion having an abnormal value.
**P < .05; for others, P > .3.
Source. Adapted from Hurt et al. 1988.



in studies of animals (York 1983) and in nonalcoholic hu-
man subjects on measures of subjective intoxication experi-
ence (Beresford and Lucey 1995; A. W. Jones and Neri
1985), memory (M. K. Jones and Jones 1980), performance
on divided attention tasks (Collins and Mertens 1988), and
body sway and hand dexterity (Vogel-Sprott and Barrett
1984) after single alcohol doses. Not all human studies
demonstrate an increased pharmacodynamic effect of alco-
hol with age (Tupler et al. 1995); differences can depend on
whether subjects ingest alcohol in a fasted (effect observed)
or fed (little or no effect) state (Beresford and Lucey 1995;
Lucey et al. 1999; Tupler et al. 1995). A molecular basis for
altered pharmacodynamic effects of alcohol with age has

not been determined (Wood 1995). Cognitive perfor-
mance also tends to be impaired in older social drinkers
tested in the sober state, but only at relatively high con-
sumption levels (i.e., more than 21 drinks per week) (Par-
sons and Nixon 1998). Regional cerebral blood flow is re-
duced proportionally to reported alcohol consumption
level in otherwise healthy elderly volunteers (Meyer et al.
1984).

In mixed-age groups of patients with alcoholism but
without an amnestic disorder, alcohol neurotoxicity is sug-
gested by a number of deficits in neuropsychological per-
formance (Parsons 1994; Parsons and Nixon 1993; Ryan
and Butters 1986) and by evidence from brain imaging
studies of atrophy of the cerebral cortex (Jernigan et al.
1991; Pfefferbaum et al. 1992), corpus callosum
(Pfefferbaum et al. 1996), anterior hippocampus (E. V.
Sullivan et al. 1995), diencephalon, caudate nucleus, and
parts of the limbic system, including the mesial temporal
lobe (Jernigan et al. 1991) and thalamus (Kril et al. 1997).
Age, rather than duration of alcoholism, tends to be a criti-
cal factor in the manifestation of both the psychological
and imaging findings. Cortical changes reflect loss of both
gray and white matter, occur in older alcoholic individuals
beginning about the fifth decade, and are in addition to the
changes associated with normal aging (Jernigan et al. 1991;
Pfefferbaum et al. 1992, 1997). These losses are especially
evident in frontal areas (Kril et al. 1997; Pfefferbaum et al.
1997). Frontal cortical deficits have also been demon-
strated in positron-emission tomographic studies in older
alcoholic individuals (K. M. Adams et al. 1993; Gilman et
al. 1990), as well as in studies of regional cerebral blood
flow (Berglund and Ingvar 1976; Kril et al. 1997) and
event-related potentials (Biggins et al. 1995).

Studies of mixed-age persons with chronic alcoholism
suggest that these frontal cortical deficits are related to im-
pairment in neuropsychological performance: indeed, the
pattern of test performance deficits in patients with
chronic alcoholism has in recent years prompted the “fron-
tal lobe hypothesis” (Oscar-Berman and Hutner 1993). Ac-
cording to this view, the vulnerability of the frontal lobes to
alcohol accounts for many of the neuropsychological defi-
cits in patients with chronic alcoholism, including problem
solving, abstraction, organization, judgment, and working
memory (studies reviewed in Kril et al. 1997; Pfefferbaum
et al. 1997). On the other hand, recent research also indi-
cates widespread damage throughout the brain, and other
models besides the frontal lobe hypothesis can explain a
number of performance deficits in persons with chronic al-
coholism who do not have an amnestic disorder (Evert and
Oscar-Berman 1995). For example, deficits in vi-
sual-spatial-motor skills may instead be associated with tis-
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TABLE 16–6. Alcohol-associated mental disorders

Disorders manifested primarily by altered mental status
Alcohol intoxication

Simple intoxication
Idiosyncratic intoxication
Alcohol blackout

Alcohol withdrawal syndromes
Uncomplicated alcohol withdrawal (tremulous

syndrome)
Alcohol hallucinosis
Alcohol withdrawal seizures (“rum fits”)
Alcohol withdrawal delirium (delirium tremens, or

“DTs”)
Wernicke-Korsakoff syndrome

Wernicke’s encephalopathy
Alcohol amnestic disorder (Korsakoff’s psychosis)

Other cognitive disorders related to alcohol neurotoxicity
Alcoholic dementia
Focal alcoholic cognitive deficits

Alcohol-associated insomnia
Alcohol-associated mood disorder

Disorders manifested primarily by focal neurological
findings
Alcoholic peripheral polyneuropathy
Alcoholic cerebellar degeneration
Alcohol-related movement disorder (Parkinson’s type)

Rare neurological disorders associated with chronic
alcoholism
Marchiafava-Bignami disease
Nutritional amblyopia
Central pontine myelinosis

Disorders associated with chronic alcoholism, but not
with alcohol neurotoxicity
Hepatic encephalopathy
Acquired hepatocerebral degeneration
Trauma-induced acute and chronic subdural hematoma



sue loss in the anterior parietal cortex (Pfefferbaum et al.
1997) or with ventricular dilation rather than cortical atro-
phy (DiSclafani et al. 1995). Furthermore, ample evidence
indicates tissue loss in deeper diencephalic and limbic
structures in nonamnesic patients (Jernigan et al. 1991),
which might be the primary basis for cerebral dysfunction
and even cortical tissue loss (in accord with the “continuity
theory”) (Langlais 1995).

Histopathological findings in older persons with alco-
holism include neuron loss and damage (Samorajski et al.
1984) and reduced dendritic connections (Ryan and But-
ters 1986). Several studies point in particular to changes in
the frontal cortex (e.g., neuron loss, shrinkage of the
neuronal soma, and loss or shrinkage of large pyramidal
cells from the superior frontal cortex) in people with
chronic alcoholism (Harper and Kril 1989, 1990; Kril and
Harper 1989). Such changes also occur with normal aging
(Flood 1993; Terry et al. 1987), suggesting that age-related
decline in brain structural integrity, especially in the fron-
tal lobes, reduces the margin of safety and leaves the brains
of old, relative to young, persons more susceptible to alco-
hol neurotoxicity (Pfefferbaum et al. 1997).

Alcohol intoxication and withdrawal. Elder-
ly people show increased intoxication after a standard alco-
hol load compared with younger persons. One factor
accounting for this phenomenon is age-associated increase in
peak blood alcohol level, related to reduced volume of distri-
bution(BeresfordandLucey1995;Luceyatal.1999;Vestalet
al. 1977; Vogel-Sprott and Barrett 1984). Peak blood alcohol
level inoldermenandwomenisabout20%–25%higher than
that in younger subjects (Beresford and Lucey 1995; Vestal et
al. 1977). Evidence also suggests age-associated increases in
brain sensitivity to alcohol (see discussion above). Other fac-
tors that can cause greater intoxication in older patients in-
clude possible age-associated reduction in gastric (but not
hepatic) metabolism of alcohol (Hahn and Burch 1983;
Pedrosa et al. 1996), potentiation of alcohol effects on the
brain by concurrently used medications, comorbid cognitive
disorders, and comorbid medical disorders (e.g., those that
influence circulation and hepatic function).

In a large series of patients 65 or older who were admit-
ted to an inpatient alcohol treatment unit (Finlayson et al.
1988), major alcohol withdrawal disorders were equally
common compared with those in younger cohorts re-
ported elsewhere (Atkinson 1988). In two studies compar-
ing older with younger alcoholic patients undergoing de-
toxification in a hospital setting, older patients
demonstrated more severe and protracted withdrawal
signs and symptoms (Brower et al. 1994; Liskow et al.
1989), even though recent alcohol intake was similar in

older and younger patients. Rather than age, a longer dura-
tion of alcoholism might have explained these group differ-
ences in withdrawal severity, but age itself also can play a
role. Animal studies have demonstrated age-associated in-
creases in both dependence liability (Ritzmann and
Melchior 1984) and alcohol withdrawal severity
(Samorajski et al. 1984; Wood 1995), although evidence
for increasing dependence liability with age in humans is
lacking (Ozdemir et al. 1996).

Slowly resolving cognitive deficits after alco-
hol withdrawal. Cognition is often impaired in re-
cently detoxified alcoholic individuals of all ages, but defi-
cits are greater and more long-lasting in older patients
(Brandt et al. 1983; I. Grant et al. 1984). Impairment im-
mediately after prolonged drinking bouts is probably
multifactorial, representing the effects of chronic alcohol
neurotoxicity; residual alcohol intoxication; depressed
mood; hepatic and metabolic dysfunction (Schafer et al.
1991); alcohol withdrawal itself, especially in older patients
(Brower et al. 1994); and effects of sedative medication
used to treat withdrawal (Liskow et al. 1989). The often
dramatic improvement in cognitive functioning of individ-
uals with chronic alcoholism that typically occurs during
the first few weeks of sobriety is attributable to ameliora-
tion of all these factors. Improvements in depression and
liver dysfunction may be especially important (Schafer et
al. 1991). Age, however, is an important predictor of the ex-
tent of residual neuropsychological performance deficits
after 3–4 weeks of sobriety (Schafer et al. 1991).

These lingering deficits can be focal or patchy (i.e.,
may affect only one or a few specific cognitive functions) or
can be sufficiently widespread to fulfill diagnostic criteria
for dementia (Ryan and Butters 1986). DSM-IV offers no
diagnostic category for focal abnormalities (apart from the
characteristic amnestic disorder of Korsakoff’s syndrome).
Because focal and even widespread dysfunction may be
partially or completely reversible over years of sobriety
(Brandt et al. 1983), workers uneasy about the use of the
term “dementia” for such conditions have suggested terms
such as “reversible alcoholic cognitive deterioration”
(Lishman 1997).

Lingering deficits resulting in psychosocial dysfunc-
tion occur in younger sober alcoholic individuals, but they
are more common in older patients tested beyond 1 month.
In one series of 50 male alcoholic outpatients (age 60 and
older) who were assessed clinically and neuropsy-
chologically 1–6 months after their last drink, 16% showed
focal cognitive deficits whereas another 6% met criteria for
dementia (Atkinson and Tolson 1992). In another series,
older patients (50–69 years old), who were tested between
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1 and 59 months after their last drink, performed less well
on several measures of memory and visuospatial tasks than
did younger patients and age-matched control subjects
(Brandt et al. 1983). Resolution of some deficits (e.g.,
psychomotor skills and short-term memory) can be dem-
onstrated 5 years or more after initiation of abstinence
(Brandt et al. 1983). On the other hand, long-term memory
tended to remain impaired even after 7 years of abstinence.
These differences suggest different mediating mechanisms
for reversible and nonreversible functions (Butters 1985;
Ryan and Butters 1986). Corresponding improvement in
cortical atrophy has been demonstrated by serial MRI in
abstinent older alcoholic patients (Carlen et al. 1986;
Ishikawa et al. 1986; Muuronen et al. 1989; Pfefferbaum et
al. 1995; Schroth et al. 1988). Regional cerebral blood flow
(Ishikawa et al. 1986) also improves with abstinence.

Alcohol-associated dementia and Alzheimer’s
disease. Whether the dementia associated with chronic
alcoholism is distinct from the Wernicke- Korsakoff syn-
drome or is a part of it is not debated here; this subject is
well addressed in other sources (Heindel et al. 1991;
Lishman 1997; Ryan and Butters 1986; Victor et al. 1989;
Willenbring 1988). However, a clinical dilemma concern-
ing the differential diagnosis of dementia in patients with
heavy drinking histories merits discussion. This issue has
practical significance for the clinician because the progno-
sis for alcohol-related dementia is different from that for
Alzheimer’s disease, provided abstinence can be main-
tained. For the researcher, paying greater attention in sys-
tematic dementia studies to the drinking history and clini-
cal findings typically associated with alcoholism may also
clarify the role of alcohol as a risk factor for dementing dis-
orders more generally (Atkinson 1997; Oslin et al. 1998).

Confounding of precise dementia diagnosis by alco-
holism and heavy drinking may be a more substantial prob-
lem than previously acknowledged. In a British community
survey of psychiatric disorders in older adults (Saunders et
al. 1991), men with heavy drinking histories were 4.6 times
more likely to have a dementia diagnosis than other men.
An association between past heavy alcohol consumption
and current cognitive disorder was also found in the
Epidemiologic Catchment Area study (George et al. 1991).
In clinical case series, alcohol-related dementias have typi-
cally been reported in 4%–10% of dementias from all
causes (e.g., Larson et al. 1984b; Renvoize et al. 1985; Wells
1979). However, in more recently established dementia
registries, if patients with heavy drinking histories are in-
cluded with those having histories of alcohol use disorders,
the proportion of cases at least partially attributable to al-
cohol is considerably higher, having been reported in 14 of

65 patients (21.5%) in one series (King 1986) and in 26 of
120 patients (21.7%) in another (Atkinson and Ganzini
1994; D. M. Smith and Atkinson 1995). And in a study of
patients with dementia in long-term care facilities, alcohol
was linked to dementia in 31 of 130 patients (24%) (Carlen
et al. 1994). Commonly used criteria for primary degenera-
tive dementia of the Alzheimer type prohibit this diagnosis
when alcoholism or a history of heavy alcohol consumption
is present. On the other hand, nothing in DSM-IV criteria
for alcohol-associated dementia, beyond the physician’s
judgment, distinguishes it from dementias of other etiolo-
gies: it is in fact a diagnosis of exclusion. Is alcoholism
merely coincident to Alzheimer’s dementia (Ryan and But-
ters 1986; Victor et al. 1989)? Does alcoholism act in a per-
missive sense to increase the vulnerability of the brain to
the development of Alzheimer’s dementia, as do such phe-
nomena as repeated head trauma or stroke? Is there a true
alcohol-induced dementia, or can alcohol act indirectly but
specifically to cause a dementia, for example, by affecting
vascular supply to particular brain structures (Fisman et al.
1996)? The answers to these questions are not reliably
known (Atkinson 1997; Oslin et al. 1998; D. M. Smith and
Atkinson 1995). Imaging of the cerebral cortex may not be
helpful because changes of early Alzheimer’s disease can be
similar to those seen in chronic alcoholism. Short of post-
mortem brain study, no effective way to clarify the diagno-
sis has been determined.

Currently efforts are under way to improve differential
diagnosis by specifying additional provisional features that
appear to be regularly associated with alcoholic dementia
(Oslin et al. 1998; Osuntokun et al. 1994; J. Saxton, per-
sonal communication, November 1996). Features favoring
alcohol-related dementia include 1) history of prolonged
heavy alcohol use; 2) presence of peripheral polyneurop-
athy and/or gait ataxia; 3) sparing of naming (i.e., absence
of dysnomia or anomia); 4) presence of other alcohol-
related disorders, for example, hepatic cirrhosis; 5) evi-
dence on MRI of cerebellar atrophy, especially of the vermis;
6) normal (rather than elevated) cerebrospinal fluid tau
protein level; and 7) evidence, after a period of abstinence,
of stabilization or improvement in cognitive functioning or
reversal of cerebral atrophy seen on MRI (Atkinson 1997;
Atkinson and Ganzini 1994; Morikawa et al. 1999; Oslin et
al. 1998; Osuntokun et al. 1994; D. M. Smith and Atkinson
1995). This approach to differential diagnosis, if affirmed
by prospective studies, may help distinguish more precisely
among alcohol-associated dementia, dementia of the Alz-
heimer type, and mixed cases.

Alcohol-associated insomnia. Insomnia is em-
phasized because aging and chronic alcohol consumption
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affect sleep architecture in similar ways: both elderly sub-
jects and recently abstinent alcoholic subjects tend to show
frequent awakenings, especially from deep slow-wave
sleep, and reduced rapid-eye-movement (REM) sleep
(Dustman 1984; see also Chapter 17 in this volume). Put
another way, sleep of 40-year-old alcoholic subjects in one
study (Dustman 1984) more closely resembled the sleep of
healthy elderly individuals than did the sleep of age-
matched healthy control subjects. Sleep in recovering alco-
holic individuals improves with abstinence, but slow-wave
sleep may not reach normal values even after 4 years of ab-
stinence. Advising an older patient to take a drink near bed-
time to aid sleep is not warranted; although sleep latency
might be reduced by this practice, if continued over time,
late-night drinking is likely to exaggerate age-associated
alterations of sleep pattern.

Alcohol-associated mood disorder. Depressive
symptoms are widespread in newly admitted alcoholic pa-
tients of all ages, including the elderly. For example, at en-
try to a treatment program for alcoholic male veterans 55
years or older, 54% of 135 patients scored 70 or higher (T
score) on the Depression Scale of the Minnesota
Multiphasic Personality Inventory (MMPI) (R. M. Atkin-
son, unpublished data, January 1990). Subsyndromal de-
pressive symptoms are much more common than
diagnosable depressive disorders, which occurred in 12%
of a large series of hospitalized elderly alcoholic patients
(Finlayson et al. 1988). These symptoms resolve without
specific antidepressant therapy in a majority of alcoholic
patients over the first 3–4 weeks of abstinence (Brown and
Schuckit 1988). Residual depression after 3 weeks suggests
a comorbid mood disorder (Brown et al. 1995). Some
workers hypothesize that subclinical chronic depression or
a potential depressive diathesis may be manifested by eva-
nescent depressive symptoms in early sobriety or even by
alcoholic drinking itself. This suggestion is the rationale
for trials of antidepressant drug maintenance of alcoholic
patients who do not have a diagnosable comorbid depres-
sive disorder. However, no trial of antidepressant agents in
alcoholic patients without clinical depression has demon-
strated any effects on subsequent drinking behavior. The
high prevalence of depressive symptoms in recently drink-
ing alcoholic patients, evidence that the level and recency
of prior alcohol consumption is correlated with depressive
symptoms in early abstinence (M. M. Nakamura et al.
1983), and the spontaneous resolution of depressive symp-
toms with abstention all support the inference that evanes-
cent depression after a drinking bout represents a second-
ary mood disorder, that is, depression induced by alcohol
or alcohol withdrawal (Schuckit et al. 1997). Alcohol

neurotoxicity may itself be the sole cause, although associ-
ated alterations in nutrition, sleep, and other organ func-
tions can act together with alcohol to induce depressed
mood.

Alcohol-associated movement disorder (Par-
kinson type). A single report (Carlen et al. 1981) de-
scribed seven older alcoholic patients (age 53–70) who devel-
oped transient parkinsonian symptoms and signs either dur-
ing alcohol withdrawal or during chronic severe intoxication.
Parkinsonism disappeared or improved significantly with re-
duced alcohol consumption alone. This association is plausi-
ble in the light of evidence that alcohol can disrupt striatal do-
pamine activity (reviewed in Wilcox 1984).

Neuropsychiatric and Substance
Comorbidity in Alcohol Use Disorders

Active tobacco dependence is highly prevalent in elderly
alcoholic subjects (approximately 60%–70%) (Atkinson
and Tolson 1992; Finlayson et al. 1988); active dependence
on prescribed sedatives, anxiolytics, and opioid analgesics
varies (from 2% to 14%) depending on the cohort studied
(Atkinson and Tolson 1992; Blow et al. 1992a; Finlayson
and Davis 1994); and recent illicit drug abuse is uncom-
mon. Nonsubstance-related neuropsychiatric comor-
bidities in clinical data sets vary even more, depending
upon the cohort and clinical setting where studied. Data
from five recent reports are summarized in Table 16–7.
Mood and cognitive disorders are the most common
comorbid psychiatric conditions in older patients. Deter-
mining in a particular case whether depression or cognitive
deficits are secondary to recent alcohol use or represent a
true comorbid disorder can be difficult within the usual
time constraints of inpatient care or consultation (Atkinson
1998b; in press). A strong association between major de-
pressive disorder and alcohol dependence exists at all ages
(B. F. Grant and Harford 1995), and a history of heavy
drinking can be a risk factor for the occurrence (Saunders et
al. 1991) and severity (B. L. Cook et al. 1991) of subsequent
depressive disorders in the elderly. Alcohol problems are
found in a significant number of cases of older people who
commit suicide (Blazer 1982; Conwell et al. 1990; Grabbe
et al. 1997; Martin and Streissguth 1982), although the as-
sociation of alcoholism with suicide may be stronger in
late-middle–aged men than in women or elderly men
(Conwell et al. 1990). Functional impairment caused by
heavy drinking ranges from mild to very severe, presenting
in extreme cases as “senile squalor” or “Diogenes syn-
drome” (Cooney and Hamid 1995; Kafetz and Cox 1982;
MacMillan and Shaw 1966; Wrigley and Cooney 1992).
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Management of Alcohol-Related
Disorders in the Elderly

In mild cases (heavy drinking with only mild alco-
hol-related problems or none), success can often be
achieved simply by offering advice to cut down or abstain,
accompanied by informal social interventions as needed.
The use of a brief intervention strategy (i.e., brief sessions of
structured patient education, physician advice, and con-
tracting to reduce alcohol intake) has been found to be ef-
fective in reducing alcohol consumption by 35% at 1-year
follow-up (from 15.5 to 10 drinks per week versus no
change in control subjects) in one study of elderly heavier
drinkers in primary care settings (M. F. Fleming, K. L.
Barry, W. Adams, L. B. Manwell, and M. L. Krecker, un-
published data, June 1997). Brief intervention for older
risky drinkers is currently under further study (W. Adams,
personal communication, June 1998; Blow 1998).

The person with more severe alcoholism should enter
an outpatient geriatric alcoholism treatment program if
possible. Successful programs have been set up within geri-
atric centers and general substance abuse programs (re-
viewed in Atkinson 1995). Group social treatment
(Atkinson et al. 1998; Kofoed et al. 1987) and cogni-
tive-behavioral treatment (Dupree and Schonfeld 1996,
1998) are the predominant models for psychosocial treat-
ment. When a geriatric alcoholism treatment program is
not available, individual case management can be effective.
Family involvement in treatment improves compliance
and outcome (Atkinson et al. 1993). Use of drinking-
deterrent drugs must be carefully considered: disulfiram
can be hazardous, whereas naltrexone was well tolerated in
one study of older patients (Oslin et al. 1997a, 1997b).
Acamprosate appears to have a low toxicity profile, but
most studies reported to date have excluded patients older
than 60 or 65 (e.g., Paille et al. 1995; Sass et al. 1996). Treat-
ment of comorbid disorders (e.g., tobacco dependence;
major depression; cardiovascular, hepatic, and musculo-
skeletal disorders) is essential. Other specific treatment
principles have been discussed in detail elsewhere
(Atkinson et al. 1998; Center for Substance Abuse Treat-
ment 1998). It is helpful to reassure the patient and family
that older alcoholic patients fare as well as, or better than,
younger persons in a variety of alcohol treatment settings
(Atkinson 1995, 1998a).

In the most complex cases, the patient should be re-
ferred to an alcoholism inpatient treatment unit, which is
also indicated when outpatient efforts fail. If severe medi-
cal or psychiatric complications are present or major with-
drawal is anticipated or is already occurring, initial treat-
ment on an acute medical or general psychiatric inpatient
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unit is warranted. Patients with dementia or chronic psy-
chosis are best managed in a psychiatric day treatment cen-
ter or home visitation program. Patients with personality
disorders and major mental illness can best be managed in-
dividually in a psychiatric outpatient clinic, preferably in
conjunction with an alcoholism group. Intractable heavy
drinking in the face of dementia or other coexisting major
mental disorder may force placement in residential care,
where, unfortunately, alcoholic patients are not always
welcomed (see Chapter 37 in this volume). In a few locales,
alcohol-free foster homes and other residential facilities
have been established and are staffed by personnel trained
to care for recovering alcoholic patients in an accepting
manner.

Benzodiazepine Dependence

Among young polysubstance abusers, benzodiazepine
abuse includes such behaviors as consumption of the drug
outside of medical supervision, use for euphoriant effects,
escalation of the dosage over time, and continued use de-
spite adverse social, economic, or legal consequences. This
pattern of abuse is distinctly rare among older people
(Busto et al. 1986a; Pinsker and Suljaga-Petchel 1984).
However, among elderly patients, long-term therapeutic
prescribing of benzodiazepines can lead to physical de-
pendence with characteristic symptoms when the drug is
discontinued. Three forms of discontinuance phenomena
are recognized: 1) recurrence symptoms that include
reemergence and persistence of the anxiety symptoms for
which the drug was originally prescribed; 2) rebound anxi-
ety, that is, recurrence symptoms that are temporarily
worse than before treatment; and 3) a true withdrawal syn-
drome, that is, signs and symptoms that are time-limited
and unlike symptoms of the disorder for which the drug
was originally prescribed (American Psychiatric Associa-
tion 1990). Although discontinuance symptoms occur after
stopping a variety of psychotropic agents, the recurrence,
rebound, and withdrawal symptoms that follow benzodiaz-
epine cessation are so unpleasant as to promote relapse to
drug use in a significant proportion of patients (Roy-Byrne
and Hommer 1988).

Epidemiology

Use of benzodiazepines by community-dwell-
ing elderly persons. Benzodiazepines are com-
monly prescribed for elderly patients, and community-
dwelling older persons receive a disproportionate share of

benzodiazepine prescriptions. In 1991, persons 65 or older
represented 13% of the United States population but re-
ceived 27% of all benzodiazepine prescriptions and 38% of
prescriptions for benzodiazepine hypnotic agents (Woods
and Winger 1995). A survey of all prescriptions for the en-
tire elderly population of British Columbia in 1990 showed
that 24% had received at least one benzodiazepine pre-
scription (Thomson and Smith 1995). Moreover, epidemi-
ological studies indicate that courses of therapy are consid-
erably longer in elderly than in younger patients. A large
United States survey reported that 44% of older patients,
compared with 20% of younger patients, who were pre-
scribed these drugs used them for 4 months or longer
(Mellinger et al. 1984). A large community-based study
from Great Britain found that nearly 95% of elderly benzo-
diazepine users, compared with only 43% of young and
middle-aged benzodiazepine users, were treated for
4 months or more (Dunbar et al. 1989). Long-term use is
more common in older patients whether the drugs are
prescribed as anxiolytics or hypnotics (K. Morgan et al.
1988; Smart and Adlaf 1988). A prospective study con-
firmed that once a benzodiazepine was prescribed, old
age, especially if associated with low educational level,
was significantly associated with continued prescrip-
tions (Mant et al. 1988).

A 1979 United States national survey found that 1.6%
of the population had used benzodiazepines for longer than
1 year (Mellinger et al. 1984); 71% of these long-term users
were more than 50 years old. They were more likely than
nonusers to report physical health problems, and despite
use of these psychotropic drugs they reported considerable
residual anxiety and depression. A British study (Rodrigo et
al. 1988) found that 41% of long-term users were over age
70 and had used benzodiazepines daily for a mean of 5
years. Most had poor physical health, and a third had de-
pressive disorders. More recent reports (e.g., Isacson et al.
1992; Simon et al. 1996; Thomson and Smith 1995) sug-
gest that this pattern of more frequent long-term prescrib-
ing of benzodiazepines for community-dwelling elderly
patients has persisted, even in the health maintenance or-
ganization (HMO) setting (Simon et al. 1996). Despite
many years of continued benzodiazepine prescription, el-
derly long-term users rarely exceed recommended dosages
or escalate their dosage over time (Busto et al. 1986a;
Pinsker and Suljaga-Petchel 1984; Salzman 1991). One
United States study found that the average daily dose for el-
derly outpatients rarely exceeded 4 mg in diazepam equiva-
lents (Pinsker and Suljaga-Petchel 1984). Compared with
elderly men, elderly women are more likely to receive
benzodiazepine prescriptions and are more likely to take
these drugs long-term (Ancill and Carlyle 1993; Simon et
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al. 1996; C. F. Sullivan et al. 1988). In the Liverpool Longi-
tudinal Study of continuing health of community elderly,
the female/male ratio of the entire study sample of persons
65 and older was 1.6:1, whereas the gender ratio for benzo-
diazepine users was significantly higher, 2.5:1 and 4.1:1 in
separate years (C. F. Sullivan et al. 1988).

Use of benzodiazepines by institutionalized
elderly persons. Among institutionalized elderly
persons, physician prescription of benzodiazepines is
widespread (see Chapter 37 in this volume). A survey of one
state’s Medicaid recipients found that 24% of elderly nurs-
ing home residents were prescribed a benzodiazepine and
that flurazepam, a long half-life hypnotic, was one of the
most frequently prescribed psychotropic drugs (Buck
1988). Another survey reported that 28% of 850 residents
of intermediate care facilities received a regularly sched-
uled sedative-hypnotic (Beers et al. 1988). Of those pa-
tients prescribed a benzodiazepine, 30% received a drug
with a long half-life. These and other studies in nursing
homes have documented poorly advised prescribing prac-
tices such as benzodiazepine prescription in the absence of
a mental disorder for which these agents are indicated, use
of benzodiazepines with a long half-life (which are more
likely to cause toxicity in the elderly), and use of standing
orders for hypnotics as opposed to as-needed prescribing
(Beardsley et al. 1989; Beers et al. 1988).

Problematic psychoactive drug–prescribing practices
were the target of federal regulations in the late 1980s in-
tended to improve prescribing in nursing homes, but these
regulations have produced mixed results with regard to
benzodiazepine use. Use of hypnotics has tended to de-
crease (e.g., Borson and Doane 1997; Lantz et al. 1996),
and in some settings benzodiazepine anxiolytic use and use
in general have declined as well (e.g., Lantz et al. 1996;
Siegler et al. 1997). Studies have demonstrated that strate-
gies to rationalize prescribing can and do reduce benzo-
diazepine use (e.g., Avorn et al. 1992; Gilbert et al. 1993;
Schmidt et al. 1998). However, in a number of recent re-
ports it appears that although inappropriate use of
antipsychotic and other psychoactive drug classes may
have been curbed by federal regulations, the use of
benzodiazepines, especially for anxiety (Borson and Doane
1997), is increasing in many settings—to levels of
30%–40% of nursing home residents regularly receiving
these agents (Lasser and Sunderland 1998). Whether this
increase indicates improved recognition of anxiety as a re-
sult of more rigorous psychiatric assessment also mandated
by federal regulation, substitution of benzodiazepines for
antipsychotic and other agents controlled by regulation, or
other reasons, is uncertain.

Prevalence of benzodiazepine dependence.
The prevalence of late-life drug dependence of all types in
persons 65 and older reported in community epidemiolog-
ical surveys is very low (well under 1%), but such data al-
most certainly do not reflect therapeutic-dose benzodiaz-
epine dependence, which is typically not recognized as
such by the patient and poorly measured by the usual crite-
ria for drug dependence. Inferring prevalence of therapeu-
tic-dose dependence from the frequency of discontinuance
symptoms is difficult because only true withdrawal symp-
toms (not recurrence or rebound symptoms) suggest frank
physical dependence. True withdrawal signs and symp-
toms have been reported to occur in 20%–50% of chronic
users after discontinuation (Roy-Byrne and Hommer
1988; Schweizer et al. 1990). Clinical reports of sizable
samples of prescription drug–dependent older adults are
rare, and the few studies available describe cohorts that are
not representative of typical older medical outpatients who
make up a majority of users (American Psychiatric Associa-
tion 1990). Two such surveys have shown that, among el-
derly patients dependent on prescription drugs,
benzodiazepines are involved far more often than are
opioid analgesics, the next most common class of pre-
scribed agents associated with dependence in this age
group (Finlayson and Davis 1994; Holroyd and Duryee
1997).

Adverse Effects of Benzodiazepine Use

Age-associated increase in the neurotoxicity
of benzodiazepines. The most important adverse
effects of benzodiazepines in the elderly include excess
daytime sedation, ataxia, and cognitive impairment.
Studies have demonstrated that elderly patients have more
adverse effects than do young patients at similar doses of
these medications (Greenblatt et al. 1991a, 1991b). After
single and multiple doses of benzodiazepines, elderly pa-
tients experience substantial impairment in attention,
memory, arousal, and psychomotor abilities (Pomara et al.
1991). Among healthy elderly patients, single doses of di-
azepam as low as 2.5 mg can impair immediate and
long-term memory and psychomotor performance
(Pomara et al. 1985). Cognitive impairment is also more
prolonged in older compared with younger patients after
single doses of a benzodiazepine (Nikaido et al. 1990). The
major effect on memory of acute doses of benzodiazepines
is dose-dependent impairment in the acquisition of newly
learned information into long-term storage (reviewed in
Barbee 1993). Decrements in recall produced by
benzodiazepines in elderly persons may be no greater
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proportionally than those produced in younger persons
(Greenblatt et al. 1991c; Hinrichs and Ghoneim 1987;
Pomara et al. 1989). However, because of baseline deficits in
recall in the elderly, the additional impairment produced by
benzodiazepines can represent a more severe compromise
(Woods and Winger 1995). Elderly medical and surgical in-
patients show deterioration in daytime performance after
several nightly doses of even short half-life benzodiazepines
such as temazepam (P. J. Cook et al. 1983), and daytime
hangover from hypnotics can be especially prominent in frail
elderlypatientswithdementia,hypoalbuminemia,orchronic
renal insufficiency (P. J. Cook 1986).

Compared with young patients, elderly patients have
more daytime balance impairment after nightly hypnotic
treatment (Bonnet and Kramer 1981). Most, but not all,
studies of the relationship of benzodiazepine use to risk of
falls and hip fractures have shown an association (reviewed
in Woods and Winger 1995). Other factors (e.g., concur-
rent use of other psychoactive and nonpsychoactive medi-
cations and alcohol [Neutel et al. 1996]; comorbid neuro-
logical and other medical disorders) are important
additional risk factors. A large HMO study of persons over
65 demonstrated that any benzodiazepine use was associ-
ated significantly with impairment of functional status, in-
dependent of comorbid medical disorders (Ried et al.
1998). Benzodiazepines impair the driving skills of many
older drivers (American Psychiatric Association 1990; Ray
et al. 1992; Salzman 1991). Whether, and to what extent,
tolerance develops in older persons to these various ad-
verse brain effects of benzodiazepines are issues that have
not been studied adequately (Woods and Winger 1995).

Cognitive impairment and long-term use.
Clinical evidence suggests excess cognitive disability and
morbidity associated with chronic benzodiazepine use.
Continual use of benzodiazepines can result in a demen-
tia-like syndrome in mixed-age (Golombok et al. 1988) and
elderly (Larson et al. 1987) patients. Among 35 patients
with drug-induced major cognitive disorders, benzo-
diazepines were the offending agents in 22 (Larson et al.
1987). Memory and other cognitive functions improve af-
ter discontinuation of long-term benzodiazepine treat-
ment in younger (Tonne et al. 1995) and older persons
(Golombok et al. 1988; Salzman et al. 1992).

Mechanisms underlying age-associated changes
in response to benzodiazepines. Asaperson’s age
increases, alterations occur in the volume of distribution,

elimination half-life, and clearance of metabolized
benzodiazepines, producing higher steady-state plasma
drug concentrations (Greenblatt et al. 1991a, 1991b;
Ozdemir et al. 1996; see also Chapter 34 in this volume).

However, even when old and young patients have
comparable plasma drug concentrations, the elderly de-
velop more sedation, psychomotor impairment, and mem-
ory problems (Bertz et al. 1997; Castleden et al. 1977; P. J.
Cook et al. 1984; Greenblatt et al. 1991a, 1991b; Swift et al.
1985), suggesting an increased pharmacodynamic effect
with age. Basic mechanisms accounting for age-associated
increased sensitivity to benzodiazepines have not been de-
termined but may involve postreceptor mechanisms in
GABAergic1 neurons and second messenger systems
(Ozdemir et al. 1996).

Discontinuation Phenomena

Types and frequency of symptoms. The report-
ed incidence of benzodiazepine discontinuation symptoms
in long-term users (persons who have taken benzo-
diazepines daily for more than 1 year) varies widely from
none to 100%, reflecting heterogeneous characteristics of
the patient populations and differing measurement and
definition of discontinuance syndromes (Bowden and
Fisher 1980; Golombok et al. 1987; Laughren et al. 1982;
Noyes et al. 1988; Petursson and Lader 1981). Discontinu-
ance symptoms increase substantially after 8–12 months of
daily benzodiazepine use (Rickels et al. 1983) but have been
reported in patients taking high-potency, short half-life
agents whose duration of daily use was only 4–6 weeks
(Higgitt et al. 1985; Murphy et al. 1984; Rickels et al. 1983).
Rebound insomnia can occur after 1 week of therapy with a
hypnotic (Kales et al. 1979).

Major discontinuance symptoms are listed in Table
16–8. Symptoms that frequently occur after cessation of
long-term benzodiazepines are, for the most part, recur-
rence and rebound phenomena. In a series of studies of
mixed-age patients, 90% undergoing gradual discontinua-
tion and 100% undergoing abrupt discontinuation experi-
enced at least mild discontinuance symptoms (Rickels et al.
1990; Schweizer et al. 1990). Milder true withdrawal signs
and symptoms (e.g., nausea, anorexia, tinnitus, perceptual
distortions, hyperacusis, depersonalization, and derealiza-
tion) are less common than are recurrence or rebound
symptoms, but they may develop in 20%–50% of long-
term users after discontinuation (Roy-Byrne and Hommer
1988; Schweizer et al. 1990). Severe withdrawal symptoms
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(e.g., delirium, psychosis, and seizures) occur far less often
than do milder symptoms. Seizures are more common in
patients taking higher than therapeutic doses of benzo-
diazepines, especially high-potency agents (American Psy-
chiatric Association 1990; Noyes et al. 1988). Both re-
bound and withdrawal symptoms generally abate within
2–4 weeks of drug cessation, although persistence for
months of isolated symptoms such as tinnitus and percep-
tual distortions has been reported (Busto et al. 1986b;
Higgitt et al. 1990; Schweizer et al. 1990).

Presentation of benzodiazepine withdrawal
in the elderly. Benzodiazepine dependence and
withdrawal may be overlooked initially in elderly patients
who, for example, do not or cannot disclose their daily use
of these agents when entering the hospital, and a deterio-
rating course may be misdiagnosed as myocardial infarc-
tion, hypertensive crisis, or infection (Whitcup and Miller
1987). Delirium can be a more common presentation of
withdrawal in older patients and be misattributed to other
causes (see Chapter 19 in this volume). Withdrawal delir-
ium occurred in 13% (7 of 52) of elderly long-term benzo-
diazepine users withdrawing abruptly from a mean of 7.75
mg/day of diazepam in one study (Foy et al. 1986). In a
study of 45 medical inpatients age 60 and older who devel-
oped delirium in the hospital, benzodiazepine use was im-
plicated in 29% of the cases (Foy et al. 1995). In an analysis
of 48 case reports of benzodiazepine withdrawal seizures,
only nine patients were over age 60, suggesting that elderly
patients are not disproportionately represented among pa-
tients suffering this adverse event (Fialip et al. 1987).

Age and other factors affecting severity of
discontinuance symptoms. Two studies (Canto-
pher et al. 1990; Schweizer et al. 1989) found that older pa-

tients reported significantly less severe discontinuance
symptoms than did younger patients. Withdrawal and
other discontinuance symptoms in the elderly may be at-
tenuated because of lowered prevalence of panic disorders,
decreased rate of decline of benzodiazepine plasma levels,
altered functional capacity, or age-associated changes in
neurotransmitter systems (Schweizer et al. 1989). Other
studies have failed to show age-related differences in with-
drawal severity, but most excluded patients over age 70 as
well as patients with medical problems (Roy-Byrne and
Hommer 1988). Several studies have reported on the cor-
relates of withdrawal severity among long-term users,
though none has focused on the elderly. The following
variables were correlated with increased severity of with-
drawal in some but not all studies of mixed-age patients:
presence of panic disorder, abrupt drug withdrawal,
high-dose dependence, short half-life agents, comorbid al-
cohol problems, and personality pathology (American Psy-
chiatric Association 1990; Busto et al. 1986b; Noyes et al.
1988; Rickels et al. 1990; Roy-Byrne and Hommer 1988;
Schweizer et al. 1990; Tyrer 1989).

Outcome and Management of
Benzodiazepine Dependence

Outcome of benzodiazepine withdrawal in el-
derly patients. Despite evidence that old age is not
associated with more severe withdrawal, the elderly have a
poorer outcome after therapeutic attempts to discontinue
benzodiazepines. Studies indicate that approximately half
of mixed-age patients who participate in a withdrawal pro-
tocol successfully complete the program (Busto et al.
1986b; Golombok et al. 1987; Schweizer et al. 1990). Of
patients who complete a withdrawal protocol, 50%–70%
remain benzodiazepine-free at follow-up ranging from 10

384 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

TABLE 16–8. Benzodiazepine discontinuance symptoms by frequency

Frequent Common Uncommona

Anxiety Flulike symptoms (nausea, coryza, lethargy, diaphoresis) Delirium
Insomnia Sensitivity to sound, touch, or light Seizures
Restlessness Aches and pains Persistent tinnitus
Agitation Blurred vision Depersonalization
Irritability Depression Derealization
Muscle tension Nightmares Paranoid delusions

Hyperreflexia Hallucinations
Ataxia Psychosis
Autonomic hyperactivity

aTypically, when present these represent true withdrawal symptoms.
Source. Adapted from American Psychiatric Association 1990.



months to 5 years (Ashton 1987; Golombok et al. 1987;
Rickels et al. 1991). However, investigators in one study
(Holton et al. 1992)—in which abstinence was defined as
complete nonuse of benzodiazepines throughout a 5-year
period—independently validated the subject’s claims of
abstinence and reported that only 15% were completely
benzodiazepine free during this time period. Older age was
associated with both difficulty completing withdrawal pro-
tocols and increased likelihood of relapse to benzodiaz-
epine use despite completion of a cessation program (Ash-
ton 1987; Golombok et al. 1987; Holton et al. 1992; Rickels
et al. 1991). The mean age of subjects in these follow-up
studies was 40–50 years, and numbers of elderly persons
were small. Besides older age, risk factors for relapse in
studies of mixed-aged patients include casual efforts to dis-
continue (as opposed to participation in a formal protocol),
personality pathology, dependence on agents with short
half-lives, higher drug doses, higher caffeine intake, and
continued psychiatric symptomatology (American Psychi-
atric Association 1990; Golombok et al. 1987; Holton et a1.
1992; Rickels et al. 1991).

For long-term benzodiazepine users who do succeed
in discontinuing use of these drugs, several studies indicate
the possibility of at least some improvement in cognitive
functioning (Golombok et al. 1988; Salzman et al. 1992;
Tonne et al. 1995) and, in addition, improvement, or at
least no deterioration, in symptoms of anxiety, depression,
and insomnia (e.g., Rickels et al. 1990; Salzman et al. 1992;
Schweizer et al. 1990). A study of 76 patients (mean age 62)
who were successfully withdrawn from chronic benzodiaz-
epine use found that medical and mental health visits fell
from 25.4 per year before detoxification to 4.4 per year af-
terward (Burke et al. 1995). But other studies suggest that
the majority of patients who successfully withdraw from
benzodiazepines will continue to experience significant
anxiety, depression, and insomnia and thus remain at risk
for return to use of these agents (Ashton 1987; Golombok
et al. 1987; Holton et al. 1992).

Management of benzodiazepine dependence.
Several interventions may decrease the severity of benzo-
diazepine discontinuation and improve the ability to main-
tain abstinence. However, few studies have been per-
formed to measure the effectiveness of these interventions
in the elderly. Withdrawal severity may be lessened,
though rarely completely avoided, by a taper schedule
(Busto et al. 1986b). The rate of dose reduction should be
based on what can be tolerated by the patient. Consider-
able slowing of the rate of decrease is often required for the
second half of the taper (Higgitt et al. 1985). Several au-
thors have suggested that taper schedules should last at

least 4 weeks, with many patients requiring 2–4 months to
tolerate complete withdrawal (Higgitt et al. 1985; Noyes et
al. 1988; Schweizer et al. 1990). Patients who are depend-
ent on short half-life agents may be more comfortable
when tapered using a long half-life agent (Rickels et al.
1990). Adjuvant pharmacological drugs to attenuate dis-
continuance symptoms are of limited success (Roy-Byrne
and Ballenger 1993). Carbamazepine may improve out-
come but has not been studied in elderly patients
(Schweizer et al. 1991). Some patients will be able to reduce
or discontinue benzodiazepines requiring only encourage-
ment and support from the prescribing physician
(Cormack et al. 1989; Hopkins et al. 1982). Pharmacologi-
cal treatment of the comorbid depression found in many
benzodiazepine-dependent elderly is recommended. Anti-
depressants are also an alternative therapy for panic disor-
der (see Chapter 15 in this volume).

The effectiveness of alternative (nondrug) anxiety re-
duction techniques is uncertain. Several reports found that
psychological approaches are no more likely to improve
outcome of benzodiazepine withdrawal than a physician’s
advice to reduce drug consumption (Fraser et al. 1990;
Hopkins et al. 1982; Onyett and Turpin 1988). But psycho-
logical therapies (Gilbert et al. 1993; Golombok and
Higgitt 1993) and self-help groups (Tattersall 1993) have
been shown to be useful adjuncts for some persons with-
drawing from these agents. Treatment in an inpatient sub-
stance abuse program may be required when benzodiaz-
epine dependence has persisted for many years or is
associated with comorbid alcohol or opioid analgesic de-
pendence (Finlayson and Davis 1994). Patients requiring
hospital treatment have higher rates of comorbid psychiat-
ric disorders (including somatoform and personality disor-
ders) compared with the rates in elderly primary alcoholic
inpatients (Finlayson and Davis 1994).

Benefits of Long-Term
Benzodiazepine Use

The benefit of long-term benzodiazepine treatment has
generated considerable debate. The long-term use of
benzodiazepines as hypnotics has little support because
hypnotic efficacy diminishes substantially after several
weeks of treatment (American Psychiatric Association
1990; Grad 1995; see also Chapter 17 in this volume). Re-
bound insomnia after discontinuation of benzodiazepines
is a significant clinical problem, especially with agents that
have short half-lives (Kales et al. 1979). Patients most likely
to receive continued benzodiazepine prescriptions are
older people with chronic somatic illness and substantial
psychological distress. However, no rigorously designed
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studies of the efficacy of long-term benzodiazepine pre-
scribing in elderly patients have been published. Some pro-
spective studies of younger patients with anxiety disorders
demonstrate no difference in outcome between those
treated with anxiolytic drugs and psychotherapy (Catalan
et al. 1984). Low-dose dependence is apt to occur with
long-term use of any agent in this class (Martinez-Cano et
al. 1996). More research is needed on the appropriate indi-
cations for benzodiazepine treatment in the elderly.

Most patients do not develop tolerance to the anxiolyt-
ic effects of benzodiazepines (American Psychiatric Asso-
ciation 1990). Several authors have proposed that if these
patients receive continued benefit from benzodiazepine
treatment, ongoing prescription is appropriate (Uhlen-
huth et al. 1988; Woods and Winger 1995). Deciding when
to prescribe long-term can be difficult, requiring consider-
ation of the patient’s relief from morbid anxiety balanced
against the hazards of chronic toxicity and physical de-
pendence (Ancill and Carlyle 1993). Long-term, low-dose
therapy may be justified especially in patients whose anxi-
ety responds better to a benzodiazepine than to alternative
therapies, and who are reliable, have no history of alcohol-
ism or drug addiction, and can be well supervised medically
(American Psychiatric Association 1990). In these circum-
stances, however, the physician should anticipate the likeli-
hood of inducing physical dependence and seek the in-
formed consent of patient and family in deciding how to
proceed. Moreover, as in the case of the patient with epi-
lepsy or diabetes mellitus, steps should be taken to protect
the patient from inadvertent abrupt drug withdrawal, for
example, by clearly documenting in the medical record the
status of the patient as a long-term user of benzodiazepines
and by educating patient and family never to stop the drug
abruptly.

Tobacco (Nicotine) Dependence

Although older adults are less likely to smoke cigarettes
than are younger adults, tobacco dependence is the most
common of all substance use disorders in the elderly popu-
lation; is entirely obvious, thus taking no special effort to
establish a diagnosis; and arguably accounts for far more
medical disability and mortality among elderly persons
than dependence on all other substances combined. Be-
cause of its low behavioral toxicity, however, tobacco de-
pendence has held little interest for neuropsychiatrists.
Compulsive tobacco use is rooted, nonetheless, in an ab-
normal behavior pattern that is determined by powerful
nicotine effects on brain processes.

Epidemiology

The prevalence of smoking declines with age and also has
declined among older smokers in recent years. In 1994 na-
tional surveys among persons 65 and older, 13% of men
and 11% of women reported regular daily cigarette smok-
ing (Husten et al. 1997; National Center for Health Statis-
tics 1996). These rates are considerably lower than those
reported for middle-aged adults: in the age group 45–64,
28% of men and 23% of women were current smokers in
1994 (National Center for Health Statistics 1996). A sur-
vey of four large, geographically diverse areas in the United
States reported the prevalence of current smoking among
people over age 84 as ranging from 4.6% to 10.8% in men
and from 1.1% to 4.0% in women (Colsher et al. 1990). Al-
though prevalence in older adults has declined substan-
tially over the years 1965–1994, the rate of decline has been
slower among this older age group than among others and
slower among women than men (Husten et al. 1997; Na-
tional Center for Health Statistics 1996). In one large el-
derly cohort followed for 6 years, prevalence of smokers
declined from 15% to 9%, reflecting an annual cessation
rate of 10% and relapse rate of less than 1% (Salive et al.
1992). In another study, the rate of smoking cessation
among older adults rose with increasing educational at-
tainment and was consistently higher for men than for
women and higher for whites than for blacks (Husten et al.
1997). A study of 339 current smokers age 50–102 found
that they were more likely to be heavily addicted smokers,
compared with former smokers (Rimer et al. 1990).

Nicotine-Dependence Disorder

Diagnosis and clinical features. Nicotine is the
addictive substance in tobacco, and regular use of tobacco
in any form produces a nicotine-dependence disorder.
Similar to heroin or cocaine addiction, nicotine depend-
ence is characterized by pursuit of pleasurable effects from
nicotine use, a compulsive pattern of use despite knowl-
edge of harmful effects, withdrawal symptoms, tolerance,
craving, and relapse after abstinence (Department of
Health and Human Services 1988; Hughes et al. 1987;
Jarvik and Schneider 1992). Some of the usual criteria for
substance dependence (Table 16–2) are not satisfactory be-
cause low behavioral toxicity and easy access to relatively
cheap tobacco products make several of these criteria irrel-
evant. Nicotine has euphorigenic properties; smokers
claim, and some objective evidence supports, that nicotine
improves motor performance and mood and decreases anx-
iety (Jarvik and Schneider 1992). How the psychotropic ef-
fects of nicotine are modified by age has been little re-
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searched. When tobacco is discontinued, smokers
experience a variety of unpleasant mood and physical
symptoms that begin within hours of abstinence. Psycho-
logical symptoms include irritability, anxiety, depression,
and craving. Physiological symptoms include low energy,
concentration difficulties, headache, increase appetite, and
nonspecific somatic complaints (American Psychiatric As-
sociation 1994; Hughes et al. 1986; Jarvik and Schneider
1992). Investigation into age-related changes in the preva-
lence or severity of these withdrawal symptoms has been
minimal.

Neuropharmacology of tobacco dependence.
Nicotine has many effects on the CNS, mediated via widely
distributed nicotinic receptors on cholinergic neurons
innervating various structures. These effects include in-
creases in cerebral glucose uptake, epinephrine, norepine-
phrine, arginine, vasopressin, adrenocorticotropic hor-
mone, cortisol, growth hormone, and prolactin; increase in
the bioavailability of dopamine; and release of endogenous
opioids (reviewed in Brautbar 1995). Of greatest impor-
tance from the standpoint of tobacco dependence are the
well-established effects of nicotine on midbrain dopamine
systems (reviewed in Jarvik and Schneider 1992; Nisell et
al. 1995). Like a number of other drugs of abuse such as co-
caine, nicotine stimulates these systems: the main effects
include increased burst firing in mesolimbic dopamine
neurons of the ventral tegmental (VT) area, release of do-
pamine from the nucleus accumbens, and, in chronic dos-
ing, increased dopamine metabolism in the prefrontal cor-
tex (Nisell et al. 1995). Such actions are known to be
associated with reward and reinforcement of learning and
cognitive behavior.

These effects not only afford an explanation for to-
bacco dependence but also may help to explain the high
prevalence of cigarette smoking (about 90%) observed in
patients with schizophrenia (reviewed in Nisell et al. 1995).
Reduced functional activity in the prefrontal cortex
(“hypofrontality”) has been demonstrated in patients with
chronic schizophrenia and is correlated with negative
symptoms. The prefrontal cortex provides direct input to
dopamine cells in the VT area, and impaired functional ac-
tivity of the prefrontal cortex in the rat decreases burst fir-
ing in dopamine neurons of the VT area (Nisell et al. 1995).
Thus high consumption of cigarettes by patients with
chronic schizophrenia could be a form of attempted self-
medication (Svensson et al. 1990). Cigarette smoking does
help to normalize impaired auditory sensory gating in pa-
tients with schizophrenia (Adler et al. 1993). Hypo-
frontality in aging patients with chronic alcoholism is also
strongly suggested by the neuropsychological, neuro-

imaging, metabolic, and histopathological data reviewed
earlier in this chapter. Thus a compensatory or self-
medication hypothesis may also help to explain the high
prevalence of smoking (60%–70%) in older patients with
alcoholism.

Complications and Comorbidities

Tobacco use is the leading preventable cause of death in
adults. Smoking doubles the risk of death from combined
causes in persons age 35–70 (Thun et al. 1997), and longev-
ity is inversely associated with cigarette consumption
(Goldberg et al. 1996). Smoking increases the risk of a vari-
ety of cancers, atherosclerosis, chronic obstructive lung
disease, peptic ulcer disease, and osteoporosis (Agner 1985;
Hollenbach et al. 1993; Mellstrom et al. 1982; Rundgren
and Mellstrom 1984; Tresch and Aronow 1996). Smoking
in late life is associated with loss of mobility and poorer
physical function (LaCroix and Omenn 1992) and may
contribute to malnutrition in frail elderly by promoting
weight loss and impairing sense of taste and smell (Rimer
1988). The metabolism of many prescribed drugs is altered
by smoking (Dawson and Vestal 1984). Elderly smokers are
more likely to consume alcohol (Colsher et al. 1990), and
most older alcoholic patients in treatment are current
smokers (Atkinson and Tolson 1992; Finlayson et al. 1988).
Concomitant smoking cessation should be strongly con-
sidered in patients undergoing treatment for alcoholism
(Gulliver et al. 1995; Hurt et al. 1995, 1996). Elderly smok-
ers also report higher levels of depressive symptoms than
former or never smokers (Colsher et al. 1990). Compared
with older current smokers, older smokers who quit have a
reduced risk of death that becomes evident within 1–2
years after quitting, and their overall risk of death ap-
proaches that of never smokers after 15–20 years of absti-
nence (LaCroix and Omenn 1992). Risks of coronary
events, cardiac death, and death from smoking-related
cancer and chronic obstructive lung disease are reduced in
smokers who quit, and improvement occurs in pulmonary
function and hip bone mineral density after smoking
cessation (Hollenbach et al. 1993; LaCroix and Omenn
1992).

Smoking Cessation

Readiness to quit. Ninety percent of all adult
smokers who quit do so without a specialized treatment
program, typically by stopping abruptly (Fiore et al. 1990).
Evidence shows that many older persons who continue
smoking want to quit (Rimer et al. 1990), but it is unclear
whether they are more (Fiore et al. 1990) or less (Yudkin et
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al. 1996) successful in quitting when compared with youn-
ger smokers. Only a minority report being advised to quit
by their physicians (Cox 1993; Rimer et al. 1990). One pop-
ulation-based study found that, among smokers 50 and
older, those with adverse health consequences of smoking
and those who perceived smoking as an addiction were
more likely to be ready to quit (Clark et al. 1997). In a longi-
tudinal epidemiological study of elderly persons in three
communities, intercurrent development of myocardial in-
farction, stroke, or cancer increased subsequent smoking
cessation but not relapse (Salive et al. 1992), and among el-
derly women, but not men, smokers in one community,
those reporting clinically significant levels of depressive
symptoms were nearly four times more likely to quit smok-
ing than nondepressed women (Salive and Blazer 1993).
Among healthy older adults, on the other hand, current
smokers may be less likely than younger smokers to believe
in the health hazards of smoking and more likely to view
smoking as a positive habit to enhance coping, reduce
stress, and control weight (Orleans et al. 1994a).

Cessation methods and outcomes in older
persons. Some smoking cessation methods (e.g., rapid
smoking aversion therapy or medicinal nicotine substitutes
such as polacrilex gum or transdermal patches) may be con-
traindicated in older patients with coronary artery disease,
cardiac arrhythmias, hypertension, or diabetes mellitus.
Brief intervention in primary care medical settings and
self-help guides can, when appropriately tailored to elderly
individuals, produce 6-month or 1-year quit rates as high as
20% compared with spontaneous quit rates of 5%–10%
(G. D. Morgan et al. 1996; Rimer and Orleans 1994).
Transdermal nicotine patch therapy yielded a 6-month
quit rate of 29% in one naturalistic study of elderly smokers
(Orleans et al. 1994b). Quit rates by any method seem to be
influenced favorably by more frequent contact with super-
vising personnel, although elderly patients voice a prefer-
ence for minimal contact approaches, which, for economic
reasons, should in most cases be tried first. Success in quit-
ting as a result of participation in a smoking cessation pro-
gram has been found to be associated with previous at-
tempts to quit, desire to quit, confidence in quitting,
perceived health benefits, lower nicotine consumption, be-
ing married to a nonsmoking spouse, and achieving absti-
nence from smoking during the first week of treatment
(Dale et al. 1997; G. D. Morgan et al. 1996; Yudkin et al.
1996). Older smokers who relapse report the same reasons
as younger smokers for their return to smoking: irritability,
weight gain, fear of weight gain, friction with family
members, and inability to concentrate (Orleans et al.
1994a).

Other Substance
Problems in Older Adults

Prescription Narcotic (Opioid)
Analgesic Dependence

Old age is associated with the development of a variety of
nonmalignant but painful chronic conditions (e.g., arthri-
tis, neuropathies) for which narcotics are frequently,
though controversially, prescribed (see Chapter 18 in this
volume). Few studies have been published on the preva-
lence and characteristics of elderly abusers of prescription
narcotic analgesics. In one community survey, the 2-week
prevalence of prescribed narcotic use was 2.1% in elderly
women and 2.3% in elderly men (Chrischilles et al. 1990).
Abuse of prescribed narcotics by the elderly appears to be
rare (Portenoy and Payne 1992; Porter and Jick 1980) un-
less the patient was an opioid abuser when young (Jinks and
Raschko 1990). Tolerance and physical dependence can oc-
cur even in the absence of abuse (Portenoy and Payne
1992). Case series of elderly patients hospitalized for pre-
scription drug dependence indicate that opioid analgesic
dependence was less common than dependence on anxio-
lytic and hypnotic agents (Finlayson and Davis 1994; Jinks
and Raschko 1990; Whitcup and Miller 1987), although in
one study 49 of 100 inpatients age 65 and older were de-
pendent on opioids (Finlayson and Davis 1994). In a survey
of 140 outpatients in a geriatric psychiatry clinic, 1.4%
were dependent on prescribed opioids (Holroyd and
Duryee 1997). These reports (Finlayson and Davis 1994;
Holroyd and Duryee 1997) point to an association of high
levels of psychopathology with vulnerability to depend-
ence in older persons taking prescribed opioids.

The degree to which chronic narcotic use causes cog-
nitive impairment remains unknown. One study of mid-
dle-aged persons found no evidence of cognitive impair-
ment associated with long-term prescribed narcotics
(Hendler et al. 1980). Whether dependence liability
changes with age is uncertain (Ozdemir et al. 1996). Co-
deine and dihydrocodeine are agents frequently used in the
elderly; their analgesic effect appears to be mediated by the
metabolite morphine. After a single standard morphine
dose, elderly subjects, when compared with younger sub-
jects, show higher plasma concentrations and impaired
drug clearance (Baillie et al. 1989). Further studies of the
pharmacokinetics, CNS pharmacodynamics, and depend-
ence liability of opioid analgesics in the elderly are needed.

Illicit Drug Use and Dependence

Use of illicit drugs is uncommon among the current aging
population, and illicit drug use disorders in this age group
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are rare (Anthony and Helzer 1991; Atkinson et al. 1992).
Rates of use and abuse are higher in particular elderly sub-
groups, for example, aging criminals, long-term heroin ad-
dicts, and alcoholic individuals (Atkinson et al. 1992; Miller
et al. 1991; Myers et al. 1984).

Illicit opioid dependence. Opioid addicts are the
best studied of elderly illicit drug abusers, but elderly indi-
viduals constitute a very small proportion of heroin addicts.
For example, in 1985 only 2% of all methadone mainte-
nance clients in New York City were older than 60
(Pascarelli 1985). Data from the Drug Abuse Warning
Network (DAWN) in 1991 indicated that 1.8% of all re-
ports of heroin/morphine abuse in United States urban
emergency departments are in persons older than 55 (Na-
tional Institute on Drug Abuse 1992a). Development of ad-
diction after young adulthood is rare, and mortality over
the course of addiction is high (Atkinson et al. 1992). One
United States study that followed heroin addicts for 24
years reported that 27.7% died during this period (Hser et
al. 1993). Medical examiner data from the DAWN in 1991
showed that 5.6% of deaths from heroin or morphine oc-
curred in persons older than 55 (National Institute on
Drug Abuse 1992b). Older addicts often have comorbid
addictions, especially tobacco and alcohol, contributing to
disability and early mortality. Besides premature death, an-
other explanation proposed to account for the decrease in
elderly opioid addicts was that over time they “matured
out,” that is, gradually became abstinent (Winick 1962).
More recent studies do not support this theory that in-
creasing proportions of addicts become abstinent over
time, especially once addiction exceeds 5–10 years
(Haastrup and Jepson 1988; Hser et al. 1993). Studies from
the 1970s characterized elderly addicts as socially aloof, se-
cretive about their addiction, not otherwise criminally in-
volved, and likely to support their drug habit with
part-time licit employment (reviewed in Atkinson et al.
1992), although a more recent study suggests greater in-
volvement in criminal activities by addicts entering their
50s (Hser et al. 1993).

Psychiatric and medical illnesses cause considerable
morbidity in elderly addicts. As in younger addicts, elderly
addicts experience the medical effects of contaminated
needles and impure drugs, which increase their risk of a va-
riety of systemic infections including endocarditis, sepsis,
skin and CNS abscesses, and hepatitis B (Novick 1992). Of
all elderly individuals with acquired immunodeficiency
syndrome, 3% contracted the human immunodeficiency
virus through intravenous drug use (Moss and Miles 1987).
To some degree, the risk of medical complications is miti-
gated by the tendency of elderly addicts to practice scrupu-

lous hygiene regarding needles and syringes (Capel et al.
1972; Des Jarlais et al. 1985; Pascarelli and Fischer 1974).
Long-term heroin addicts develop neuropsychological
and neuroimaging abnormalities (caused by cerebral dam-
age from infections or injected foreign substances) that are
likely to further impair their functioning (Schuckit 1977;
Strang and Gurling 1989). Aging opioid-dependent people
frequently die from the consequences of alcohol and to-
bacco dependence (Des Jarlais et al. 1985). Lifelong heroin
addicts appear to be better managed on methadone main-
tenance than by drug-free strategies (reviewed in Atkinson
et al. 1992).

Other illicit drugs. Little information is available
regarding the use of other illicit drugs by the elderly. Com-
bined results of three national representative household
surveys, conducted during 1991–1993 (N = 87,915),
showed 1-year prevalence rates in persons age 50 and older
of 0.6% for marijuana use (0.8% in men, 0.5% in women)
and 0.1% for cocaine use (0.2% in men, 0.1% in women)
(Kandel et al. 1997). Both recreational and medical mari-
juana users are represented among the older population
(Sussman 1997). Recent use of marijuana and cocaine is re-
ported sporadically by older patients (Abrams and
Alexopoulos 1988), especially by patients who are alcohol
dependent (Miller et al. 1991). Older persons tend to ac-
quire these drugs from their adult children or from youn-
ger sexual partners (Atkinson et al. 1998). Virtually nothing
is known about age-associated changes in drug-induced
psychiatric syndromes or altered treatment needs of el-
derly illicit drug abusers.

Nonprescription (Over-the-Counter)
Drug Use and Dependence

Elderly people commonly use over-the-counter prepara-
tions, including vitamins and herbal medicines, such as
ginkgo biloba; their use of these substances has been re-
viewed recently (Ganzini and Atkinson 1996). A potential
exists for medical and behavioral problems from habitual
overuse of many available nostrums, especially those with
sedative, anticholinergic, sympathomimetic, and anti-
inflammatory effects, and these effects may be additive to
prescribed medications and, in some instances, to the ef-
fects of alcohol. Anticholinergics may affect cognition
(Ganzini and Atkinson 1996). Chronic salicylate toxicity
increases with age and may produce a dementia-like syn-
drome associated with tinnitus and irritability (Bailey and
Jones 1989; Grigor et al. 1987). No data exist about the true
extent of dependence on nonprescription drugs in old age.
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Summary

In this chapter, the leading substance abuse problems af-
fecting the elderly population are discussed, with special
emphasis on neuropsychiatric features of these disorders.
Tobacco, alcohol, and controlled prescription drugs, espe-
cially the benzodiazepines, present the greatest substance
abuse hazards in old age.

Several aspects of substance abuse in old age can be
highlighted. Tobacco, the substance most widely abused by
elderly people, does not have prominent deleterious
neurotoxic effects, though morbid effects on other organ
systems such as the vascular system may result in cognitive
impairment. Elderly people are more sensitive than youn-
ger people are to neurotoxic effects of substances such as al-
cohol and benzodiazepines. These effects are manifested
both as decrements in performance on cognitive testing
and as functional decline common to frail elderly such as
impairment in activities of daily living or falls.

Illicit drug use by elderly persons is uncommon, but
poorly investigated. The recent decade has produced little
new information on the demography, characteristics, and
treatment of elderly persons who abuse illicit drugs. The
increasing prevalence of illicit drug abuse in current mid-
dle-aged persons (Glantz and Sloboda 1995; Sussman
1997) suggests that illicit substance abuse among elderly
people looms as a possible future public health problem.
Information is especially scarce on the neuropsychiatric ef-
fects of both licit and illicit opiates.

Fatalism on the part of health care providers regarding
substance abuse in old age is misplaced. Studies of alcohol,
tobacco, and illicit opiate dependence suggest that if absti-
nence could not be achieved at a younger age, it may still be
achieved at an older age. Significant health benefits occur.
Substance abuse may account for the largest portion of
treatable dementias, and treatment of substance abuse may
result in either arresting or reversing neuropsychiatric dys-
function. Further research is needed on specialized
age-appropriate treatment for the substance-abusing el-
derly person.
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Sleep Disorders
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Charles F. Reynolds III, M.D.

The primary challenge posed by the in-
creasing proportion of elderly people in

the United States is to increase active life expectancy and
compress functional morbidity. Otherwise, increase in
longevity is likely to be associated primarily with prolon-
gation of dependency (Rosenwaike 1985). Changes in
sleep, sleep quality, and daytime alertness in late life have
enormous impact on quality of life, level of functioning,
and ability to remain independent (Morin and Gramling
1989; Prinz et al. 1990; Wauquier et al. 1992). The preva-
lence of sleep disorders among the elderly ranges depend-
ing on the specific disorder, as discussed below, but ap-
proximately one in three community-dwelling older
adults will report difficulties with poor sleep quality or
daytime sleepiness (Ganguli et al. 1996; Newman et al.
1997). Hence, preserving the integrity of sleep for as long
as possible is a major public health priority, as empha-
sized by the National Institutes of Health Consensus De-
velopment Conference on Sleep Disorders in Late Life
(Consensus Development Conference 1990). Any under-
standing of how to attenuate the sleep changes and dis-
turbances of usual and pathological aging that would re-
duce psychiatric morbidity, burden to families, and the

rate of institutionalization, even by a single percentage
point, would pay for itself many times over. Therefore,
the benefits that would accrue from an understanding of
how the successful functioning of the aging sleep/wake
and circadian system can be preserved in the face of medi-
cal and psychosocial challenges would have an impact not
only on elderly patients themselves but on society as a
whole.

To facilitate understanding of this chapter, a brief re-
view of important concepts from normal sleep physiology
is useful. Two operating states of the central nervous sys-
tem characterize sleep: rapid-eye-movement (REM) sleep
and nonrapid-eye-movement (NREM) sleep. The deepest
level of NREM sleep, slow-wave sleep, decreases greatly
with age, whereas REM sleep tends to remain more stable.
The continuity of sleep also tends to diminish with age, re-
sulting in decreased “sleep efficiency” (the ratio of time
spent asleep to total recording period). Sometimes, as
noted below, decreased sleep efficiency with age may be the
result of intrinsic sleep pathologies (e.g., sleep-disordered
breathing), whereas at other times it may reflect
psychopathological processes such as depression. The reg-
ular alteration of these operating states constitutes the
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essential ultradian rhythm of sleep, which in turn occurs
within a circadian rhythm of sleep and wakefulness.

Self-reported symptoms of sleep cluster into domains
of quantity, quality, and timing (including circadian as-
pects) of sleep and wakefulness. Symptoms of quantity and
quality concern duration of sleep periods, time to sleep on-
set, number of awakenings, duration of wakefulness after
sleep onset, perceived depth and satisfaction with sleep,
and fatigue and sleepiness during the daytime. Symptoms
related to the timing of sleep concern advances and delays
in sleep-wake cycles, as well as symptoms related to shift
work and jet lag. In addition to self-reported symptoms,
signs and laboratory measures of sleep and wakefulness
span sleep-specific measures such as polysomnography,
multiple sleep latency tests (MSLTs), and circadian mea-
sures such as isolation studies under constant routines.
Such procedures provide information on the “architec-
ture” of sleep including the NREM-REM cycles, sleep
stages, the quantification of levels of alertness-sleepiness,
and rhythms of physiological activity such as body temper-
ature and hormones. Supplementing these sleep-specific
procedures is the full range of neuropsychological,
neuroendocrine, neuroimaging, and other physiological
test procedures.

In this chapter, we focus on sleep and aging and the
symptoms and signs of sleep disorders in the elderly, partic-
ularly emphasizing empirical studies described since the
first edition of this textbook. Generally, sleep disorders
medicine is concerned with specific disorders of sleep and
wakefulness as described in the International Classification of
Sleep Disorders (Diagnostic Classification Steering Com-
mittee 1990) and more generally in DSM-IV (American
Psychiatric Association 1994). As is discussed below, most
disorders are not thought to be specific disorders of the el-
derly, though the epidemiology, expression of symptoms,
comorbidity, treatment selection, and treatment outcome
are modified for aging populations. This age effect has re-
sulted in generalities such as an added emphasis on differ-
ential diagnosis in the elderly to identify general medical or
medication-related etiologies of sleep complaints
(Ancoli-Israel 1997; Folks and Burke 1998).

Likewise, treatment recommendations for the elderly
typically caution about the potential for altered
pharmacokinetics that may require dosage adjustments to
reduce side effects or caution about interactions with other
medications (see Chapter 34 in this volume). Specific rela-
tionships between sleep and aging would suggest strategies
for prevention and intervention of sleep disorders in the el-
derly, thereby reducing morbidity and mortality and im-
proving medical-related quality of life. (For general re-
views of sleep and sleep disorders in the elderly, see

Ancoli-Israel 1997; Bachman 1992; Becker and Jamieson
1992; Gottlieb 1990; Moran et al. 1988; and Wooten
1992.)

A Conceptual Framework
for Understanding Challenges
to Sleep and Circadian
Timekeeping in Late Life

We have formalized a model of the multiple factors that
challenge successful circadian timekeeping (including
sleep in elderly individuals). The model is based on the re-
sults of our own work, as well as other data in the literature,
and is shown in Figure 17–1. The model explicitly shows
important predictors of, as well as outcomes resulting
from, the development of sleep and circadian function in
very late life. Thus, changes in health and cognitive status
and negative life events (particularly those associated with
bereavement) are hypothesized to lead to “decay” in sleep
and sleep quality. The model posits that the effect of these
changes is mediated by two factors: changes in mood (nega-
tive shifts in affect balance) and worsening of sleep-
disordered breathing. We also hypothesize that character-
istics such as gender, stability of social rhythms, social sup-
port, nutrition, and physical fitness serve as important
moderators, helping to buffer the subject from the effects
of medical burden, negative life events, and their media-
tors. It is noteworthy that the model explicitly recognizes
that sleep changes are also likely to influence subsequent
adaptation to aging along physical and psychological di-
mensions. Thus, what appear as major predictors in the
model can, over time, ultimately be influenced by the very
outcomes that they have helped to produce.

Sleep Changes in Aging

Considerable data support the face validity and clinical
utility of conceptualizing sleep, particularly sleep continu-
ity, delta sleep, and REM sleep, as psychobiological mark-
ers or correlates of successful aging and adaptation in very
late life (Reynolds et al. 1993). Pronounced alterations in
sleep in aging consist primarily of reductions in subjective
sleep quality, slow-wave and REM sleep, and a marked in-
crease in the number and duration of awakenings inter-
rupting sleep. Alterations in slow-wave sleep occur in
young adulthood (30–40 years of age), whereas distur-
bances in amounts of REM and wake appear more later in
life (Vancauter et al. 1998). In comparing the nocturnal
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sleep of healthy subjects 80 years old or older with that of
healthy 60- to 70-year-old subjects (i.e., “old old” versus
“young old”), Reynolds et al. (1991) and Hoch et al. (1997)
have reported the relative stability of sleep efficiency and
REM sleep in the young old, but a decline of slow-wave
sleep and sleep continuity in the old old. In a study using
sleep deprivation as an experimental manipulation in 80-
and 20-year-old subjects, Brendel et al. (1990) found that
sleep continuity and delta sleep were enhanced in both
groups on the first recovery night, indicating that sleep
changes in very old subjects are at least partially reversible
by this procedure. Surprisingly, mood and performance
were disturbed by sleep loss to a significantly greater extent
among the young subjects, suggesting that acute total sleep
loss is a more disruptive procedure for the young than for
the elderly.

Evidence is conflicting regarding changes in daytime
alertness with aging. In some studies, the elderly are seen as
physiologically more aroused or alert than are younger
subjects (Hoch et al. 1992). In others studies, discrepancies
are found between subjective and objective measures of
alertness. For example, 19 elderly (mean age 65 years) and
19 young (mean age 21 years) subjects were tested by
MSLTs and questionnaire. Elderly subjects were subjec-
tively more alert than younger subjects were by question-

naire and rating scales, but MSLT results were equivalent
(Kramer et al. 1998). Thus, despite changes in nighttime
sleep consolidation and distribution of sleep stages in the
elderly, the implications of these changes for daytime
restedness and alertness remain unclear.

Successful adaptation in very late life may be associated
with stable preservation of, or only modest changes in,
REM sleep and sleep continuity. Failed adaptation, as dis-
cussed below, tends to be associated with decrements of
sleep continuity and delta sleep and by either a relative in-
crease of REM sleep (e.g., mood disorders) or decrease in
REM sleep (e.g., neurodegenerative disorders). The latter,
decreased REM sleep generation, has also been shown to
be correlated with decreased survival time (Hoch et al.
1989). In contrast to healthy elderly patients, older patients
with major depression comorbid with probable dementia
of the Alzheimer type show less of the expected physiologi-
cal hallmarks of recovery sleep after a night of total sleep
deprivation (slow-wave sleep rebound and REM sleep re-
bound), attesting to diminished physiological resilience
and plasticity (Reynolds et al. 1987). In the broader context
provided by studies of sleep in aging, we concluded that the
stability of REM sleep in aging suggests the utility and va-
lidity of REM sleep as a marker or correlate of successful
adaptation in late life (Reynolds et al. 1993). The revers-
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ibility of age-dependent sleep changes needs to be further
addressed by identifying factors that support or enhance
successful aging.

Sleep in Aging: The Impact of
Spousal Bereavement on
Sleep in Late Life

Given the theoretical interest in negative life events and
their potential to disrupt sleep via changes in mood, our
own work, as well as that of others (e.g., N. G. Bliwise et al.
1985; Roehrs et al. 1982), provides evidence linking nega-
tive affect balance (i.e., depression) and sleep outcomes in
late life. Sleep is frequently disturbed among recently be-
reaved elderly people who have a full depressive syndrome.
Sleep efficiency is diminished, REM latency is short, and
early slow-wave sleep generation is also reduced compared
with those of nondepressed, recently bereaved subjects and
compared with elderly control subjects (Reynolds et al.
1992). These findings are similar to those of Cartwright
(1983) in depressed divorcing women. Depressed widows
and widowers in our study carried a heavier burden of
chronic medical illness than did the control subjects
(Reynolds et al. 1992). Similar findings linking stress, de-
pression, and electroencephalographic (EEG) sleep dis-
turbances (including decreased delta sleep and shortened
REM latency) were reported by Cartwright and Wood
(1991) in a study of middle-aged divorcing spouses. Di-
vorce, like the loss of a spouse through death, can be an oc-
casion for grief. We were able to find one negative report,
from Vitiello et al. (1990), who observed that sleep was un-
disturbed in elderly depressed individuals who have not
sought health care.

We reported an investigation of EEG sleep measures
in elderly, recently bereaved volunteers stratified by the
presence or absence of syndromal major depression
(Reynolds et al. 1992). As hypothesized, depressed be-
reaved subjects had significantly lower sleep efficiency and
worse sleep quality, more early morning awakening,
shorter REM latency, greater REM percent, and lower
rates of delta wave generation in the first NREM sleep pe-
riod (i.e., lower delta sleep ratio) compared with those
characteristics in nondepressed, bereaved volunteers.
Sleep in the latter group was similar to that of healthy con-
trol subjects. The relevance of these data to the proposed
model of challenges to successful aging is that depression
(or depressive symptoms) can be an important mediating
variable that links negative life events with sleep-circadian
outcomes, as well as with changes in perceived sleep qual-

ity. With respect to the role of hypothesized moderators
(i.e., social support and stability of social rhythms), our data
suggested greater stability of psychosocial rhythms and
higher levels of perceived social support among
nondepressed widows and widowers compared with their
depressed counterparts. Testing of the proposed model
would help elucidate antecedent-consequent relation-
ships.

Similarly, the primary protective factor examined in
previous research is social support, including the dimen-
sions of social network, tangible support, and perceived so-
cial support. George (1989) concluded that “high levels of
social support are associated with decreased risk of psychi-
atric morbidity and that perceived support is the dimension
most strongly related to mental health outcomes” (p. 215).
However, we do not know whether support exerts its ef-
fects directly on such outcomes or whether it serves pri-
marily to buffer the impact of other stressors (see also Co-
hen and Wills 1985; George 1989; Kessler and McLeod
1985).

We have investigated the role of psychosocial factors
in buffering the impact of major life events on depressive
symptoms in our sample of elderly widows and widowers
(Prigerson et al. 1993). Our results suggested the impor-
tance of subjects’ sense of mastery—their feeling of compe-
tence in the face of stress—as a predictor of mood response
after life stressors. Similar findings have been reported
elsewhere in nonelderly samples (e.g., Dew et al. 1990),
further supporting the selection of mastery as a potential
buffer against the onset of disturbed mood and sleep.

General Medical Burden

Medical burden and increasing physical functional limita-
tions represent chronic stressors in the presented model
and are among the vulnerability factors most frequently
addressed in previous research on the precursors of psychi-
atric symptoms and disorders (for a review, see George
1989). The specific chronic stressors that have received the
most empirical scrutiny in mixed-age samples are job
stress, chronic financial strain, and chronic physical illness,
with all three being related to increased risk of psychiatric
morbidity (George 1989). As reviewed by D. L. Bliwise
(1993), considerable evidence now underscores the general
effects (either direct or indirect) of medical illness in the
poor sleep of old age (e.g., Ford and Kamerow 1989;
Gislason and Almqvist 1987; Morgan et al. 1989). Specific
clinical symptoms or disorders that have been shown to
have negative effects on sleep quality in late life include
nocturia (e.g., Zepelin and Morgan 1981), headache (Cook
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et al. 1989), gastrointestinal illness (Karacan et al. 1976;
Mant and Eyland 1988), bronchitis and asthma (Mant and
Eyland 1988), cardiovascular symptoms, and non–insu-
lin-dependent diabetes mellitus (Hyyppa and Kronholm
1989). Chronic pain from conditions such as osteoarthritis
also disrupts sleep in elderly individuals (Wittig et al.
1982). In addition, elevated autonomic activity (Prinz et al.
1979; Zepelin and McDonald 1987) and a greater suscepti-
bility to external arousal (Roth et al. 1972; Zepelin et al.
1984) may be important predisposing factors to disturbed
sleep in very late life. In general, the effects of these general
medical conditions on sleep become issues in the elderly
because they are more common conditions in older indi-
viduals. However, it is also possible that increased wakeful-
ness at night or greater susceptibility to arousal may en-
hance the impact of these conditions on sleep in older
individuals.

Among specific brain diseases in the elderly in which
sleep and sleep disorders may play a role are Parkinson’s
disease and stroke. Patients with Parkinson’s disease report
decrements in sleep quality and demonstrate progressive
deterioration in sleep continuity (Kostic et al. 1991; M. C.
Smith et al. 1997). Some of the deterioration in sleep conti-
nuity and quality is attributed to muscle stiffness,
dystonias, and nocturnal akinesia (Stocchi et al. 1998) sepa-
rate from comorbid depression and anxiety (Kostic et al.
1991; Menza and Rosen 1995). Dopaminergic agonists
have been demonstrated to improve sleep continuity dis-
turbances in Parkinson’s disease in some studies (Stocchi et
al. 1998). However, dopaminergic agonists have also been
shown to increase motor activity at night in some patients
with Parkinson’s disease (van Hilten et al. 1994). It may be
that REM behavior disorder (see section below on Sleep
Disorders) is an early feature in some patients who develop
Parkinson’s disease (Tan et al. 1996).

The issue of sleep and stroke has been studied primar-
ily from the aspect of the possible increased risk of stroke
that may be associated with sleep apnea. However, research
has also been directed at the effects of specific stroke loca-
tions and their effects on sleep and breathing (Giubilei et al.
1992; Mohsenin and Valor 1995) and at the potential influ-
ence that circadian factors may have in the timing of stroke
within the early morning. Whether obstructive sleep apnea
increases the risk of cardiovascular morbidity, including
myocardial infarct and stroke, when other risk factors com-
mon in sleep apnea such as hypertension and obesity are
controlled has been much debated (Bassetti et al. 1996;
Dyken et al. 1996). After a stroke, patients with
sleep-disordered breathing may have a worse functional
outcome than those who do not have sleep-disordered
breathing (Good et al. 1996).

Sleep Disorders,
Sleep Quality, and Aging

For a broad overview, see Monane (1992). Generally, sub-
jective sleep quality deteriorates in later life. Such deterio-
ration can be seen in the increasing sleep-related com-
plaints and insomnia symptoms in the elderly. However,
the extent to which subjective sleep quality deteriorates as a
part of physiological aging as opposed to pathological con-
ditions associated with aging remains unclear. For exam-
ple, a prospective United States regional epidemiological
study of an age-stratified, random, community sample of
1,050 seniors (mean age 74 years, 57% women) found that
sleep complaints were common and persistent over a
2-year interval. The symptoms reported were difficulty
falling asleep (37%), difficulty staying asleep (29%), and
early morning awakening (19%) (Ganguli et al. 1996).

When associated medical symptoms and history are
examined, the prevalence of sleep complaints varies with a
number of other factors. For example, in a study of more
than 9,000 seniors over the age of 65 years, more than half
reported sleep difficulties most of the time (Foley et al.
1995). Twenty-four percent reported insomnia and 15%
reported that they never felt rested. Multivariate analyses
associated sleep complaints with respiratory symptoms,
physical disabilities, nonprescription medication use, de-
pressive symptoms, and poorer self-perceived health sta-
tus. The authors concluded that sleep symptoms in older
persons may often be secondary to coexisting diseases.
They also drew attention to the difficulty in determining
the prevalence of specific sleep disorders, independent of
health status, and note that the development of more so-
phisticated and objective measures of sleep disturbance
will be necessary to meet this objective (Foley et al. 1995).

In addition to general medical conditions, gender also
plays a role in the reporting of sleep complaints in aging. In
the Cardiovascular Health Study (Newman et al. 1997),
5,201 adults over the age of 65 years were identified in a
random community sample. Women were found twice as
likely as men to report difficulty falling asleep (30% versus
14%). Both difficulty falling asleep and frequently awaken-
ings were found to increase in prevalence with age and were
associatedwithpoorhealth,depression, angina, limitations in
activities of daily living, and the use of benzodiazepines. Fe-
male gender, depression, and regular use of hypnotics were
also found to be associated with sleep complaints in the el-
derly in another community study (Maggi et al. 1998). In this
study, depression symptoms were more strongly associated
with nighttime complaints, and physical disability was more
associated with feeling poorly rested upon awakening.
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These studies are in contrast to a nonrandom sur-
vey-based study of 1,485 elderly patients over the age of 50
years (Middelkoop et al. 1996). In this study, the number of
nighttime awakenings increased significantly only in
males. No significant correlations were found between
health status and gender, age, or subjective sleep quality.
The most frequently reported causes of disturbed sleep on-
set and sleep maintenance were worries and nocturia, re-
spectively. Subjective sleep quality was mostly associated
with self-estimated sleep latency. Lastly, in a sample of pa-
tients between the ages of 50 and 65 who were carefully as-
sessed for physical health status, the prevalence of difficulty
falling asleep was only 1% in men and 2.6% in women, and
difficulty maintaining sleep was only 4.4% in men and
3.3% in women (D. L. Bliwise et al. 1992). The authors
concluded that when overall physical health factors are
taken into account, a decline in sleep quality is not neces-
sarily an inevitable component of aging specifically, but
rather a result of processes that accompany aging. One
methodological difference among these studies is the range
of ages in each. Hoch et al. (1997) examined subjective and
polysomnography-defined sleep quality over 3 years in 50
subjects between the ages of 60 and 87 years old who were
carefully screened for medical and psychiatric status. Sub-
jective sleep quality, sleep continuity, and slow-wave sleep
diminished in the subjects 75 years and older, whereas
these measures were relatively stable in the subjects youn-
ger than 75. Changes in medical status did not correlate
with these declines in sleep outcomes. Thus, complaints of
deterioration in sleep quality would appear to increase with
age in the elderly and are associated with psychiatric and
general medical symptoms.

Alcohol abuse or dependence in the elderly can lead to
decreases in subjective sleep quality, increased number of
nocturnal wakings, increased sleep apnea, and complaints
of daytime sleepiness (J. W. Smith 1995; Wooten 1992).
Thus, in addition to the evaluation of general medical con-
ditions and psychiatric conditions, an evaluation of alcohol
use in elderly patients with complaints of poor sleep quality
or daytime sleepiness is indicated (see Chapter 17 in this
volume).

Supplementing epidemiological studies of the preva-
lence of sleep complaints, more recent clinical studies of
sleep symptoms have considered the clinical relevance of
such symptoms. For example, nosological systems such as
DSM-IV require that, in addition to symptom clusters,
some level of clinically significant distress and impairment
be present before a syndrome or disorder is considered to
be present. This requirement has raised interesting ques-
tions about potential discrepancies between the deteriora-
tion of sleep quality with aging and the difficulty in measur-

ing daytime impairments presumably resulting from sleep
loss in the context of chronic insomnias. For example, in a
study of 239 women and 113 men (mean age 77 years), sleep
disturbance was a significant predictor in multivariate
analysis of perceived limitations in usual role activities
(Kutner et al. 1994). However, in a related study, 124 re-
tirement community residents were interviewed about
sleep patterns and given neuropsychological assessments,
but no correlations between sleep variables and neuro-
psychological performance were found. The authors con-
clude that in nonclinical populations nighttime sleep prob-
lems are not associated with neuropsychological deficits
(Hayward et al. 1992). Thus, samples identified by epide-
miological studies and those identified by help-seeking
patients or from clinical populations can yield different
results. We summarize principles of diagnosis in Fig-
ure 17–2.

Sleeping Pills, Behavioral
Treatments, and the Elderly

The indications for the use of hypnotics and the optimal
strategies to treat complaints of poor sleep quality in the el-
derly are still being developed. For a general review of the
issues, see Folks and Burke (1998), who emphasize differ-
ential diagnosis and advocate combined nonpharmaco-
logical and pharmacological approaches. For a review of
nonpharmacological interventions, see Morin et al. (1994),
whose meta-analysis suggests that stimulus control and
sleep restriction therapies may be the most efficacious be-
havioral interventions, though the studies reviewed were
not specifically of the elderly. For specific studies of various
behavioral interventions in aging populations, see D. L.
Bliwise et al. 1995; Edinger et al. 1992; Engle-Friedman et
al. 1992; Lichstein and Johnson 1993; Morin et al. 1993,
1999; Riedel et al. 1995; and Reynolds et al. 1999. For a re-
view of pharmacological interventions in the elderly, see
Shorr and Robin (1994) who advocate time-limited treat-
ments of low-dose hypnotics, with regular and frequent as-
sessment of side effects, and a planned taper schedule. As
discussed by Bandera et al. (1984), hypnotics with short and
intermediate half-lives are preferable in the elderly because
of altered pharmacokinetics and the potential for next-day
side effects.

It may be interesting to note a general trend in pre-
scribing practices away from sedative-hypnotics to antide-
pressants, especially in the institutionalized elderly (Walsh
and Engelhardt 1992) (see also Chapter 37 in this volume).
In a study of 330 nonagenarians from the general popula-
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tion, half received some form of psychotropic medication,
the most common being a hypnotic (Forsell and Winblad
1997). However, the authors noted that the rate of differ-
ential treatment after differential diagnosis was low. Little
empirical evidence suggests that antidepressants are more
effective than sedative-hypnotics in managing complaints
of poor sleep quality in patients whose sleep disorder is not
secondary to a primary psychiatric disorder. However, fur-
ther studies are needed to evaluate the utility of using anti-
depressants in the place of sedative-hypnotics for primary
insomnia (Nowell et al., in press). In at least one study of
262 residents admitted to nursing homes, psychotropic
drugs, including hypnotics, were initiated within the first
2 weeks of admission, but the rate of use of such drugs was
only slightly increased 6 months later (Wancata et al.
1997). The authors suggest that a large percentage of in-
take of psychotropic drugs is a result of new nursing home
orders rather than continuation of medications that had
been initiated in the community.

In a study of a stratified sample of 600 commu-
nity-dwelling elderly subjects, use of hypnotics increased
with age in both men and women (Seppala et al. 1997).

Multivariate analyses demonstrated that aging and poor
health were independently associated with the use of
hypnotics but, curiously, not with poor quality sleep or in-
somnia. In another study of a random sample of 516 com-
munity-living elderly over the age of 70 years, self-
reported difficulties with falling asleep and global dissatis-
faction with poor sleep were associated with the use of sleep
medications (Englert and Linden 1998). In univariate and
multivariate analyses, neither the duration of sleep time
nor difficulties with sleeping through the night differenti-
ated between those who did or did not take sleep medica-
tion. More studies are needed to identify factors that lead
patients to seek treatment, as well as factors that lead pro-
viders to prescribe hypnotics in the elderly.

Sleepiness and Aging

Considerable attention has been paid in recent years to the
impact of increasing shift work and restricted sleep sched-
ules on the health of the national population. Considerably
fewer studies, however, have addressed the prevalence and
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clinical significance of excessive daytime sleepiness in the
elderly.

In Ganguli et al.’s 1996 study, described above, 19% of
elderly subjects reported symptoms of daytime somno-
lence. In the Cardiovascular Health Study, described
above, 20% of subjects demonstrated excessive daytime
sleepiness as measured by the Epworth Sleepiness Scale
(Newman et al. 1997; Whitney et al. 1998). Daytime sleep-
iness was related strongly to poor health and limitations in
activities of daily living and was correlated with age. In a
4-year, multisite, prospective cohort study that included
annual interviews, 3,962 subjects over the age of 65 years
were evaluated for sleep-related symptoms and health sta-
tus. The point prevalence of excessive daytime sleepiness
was estimated at 25%. Daytime nappers were reported to
more likely be male, urban, and heavier and have more de-
pressive symptoms, more limited physical activity, and
more functional impairments. The 4-year mortality rate
was accelerated 1.73 times among older people who nap
most of the time and make two or more errors on a cogni-
tive status examination (Hays et al. 1996). Thus, excessive
daytime sleepiness is a significant symptom associated with
morbidity and mortality in the elderly. As with the symp-
tom of poor sleep quality and insomnia, differential diag-
nosis of daytime sleepiness is important in the elderly.
Among causes of daytime sleepiness in the elderly are
narcolepsy, breathing-related sleep disorders, movement
disorders in sleep, drug-related sedation and interactions,
changes in circadian function, sleep deprivation from poor
sleep habits, and sleepiness in the context of other general
medical conditions (see Figure 17–2).

Narcolepsy

Although narcolepsy is generally believed to be a disorder
arising in adolescence and early adulthood, patients with
narcolepsy may present later in life. In one case series, 51%
of retrospectively reviewed cases of narcolepsy seen in clin-
ics were reported as presented by patients older than the
age of 40 (Rye et al. 1998). Among the older patients, the di-
agnosis was delayed because of mild symptom severity,
late-life expression of cataplexy, or absence of cataplexy
with late-life expression of excessive daytime sleepiness.
The authors concluded that narcolepsy should be consid-
ered in the differential diagnosis of sleepiness or transient
loss of muscle tone in older patients.

Breathing-Related Sleep Disorders

It is generally held that breathing-related events in sleep
increase with age. However, considerable controversy ex-

ists as to the clinical significance of such events. When
breathing-related events occur frequently enough to frag-
ment sleep and lead to excessive daytime sleepiness, then
treatment to reduce daytime sleepiness is warranted. It re-
mains unclear, however, whether sleep apnea syndromes,
particularly mild or moderate sleep apnea, are risk factors
for cardiovascular events in the elderly.

One way to measure the potential prevalence of
breathing-related sleep disorders is to use home oximetry
to gauge the frequency of oxygen desaturations. This
method has the advantage of low cost and ease of applica-
tion but can be limited by defining breathing-related disor-
ders as desaturations rather than arousals from sleep. One
such epidemiological study of nocturnal desaturations (de-
fined in this study by a decrease in SaO2 exceeding 4%) was
conducted in 239 elderly subjects (mean age 76 years) from
the general population (Philip et al. 1997). Twenty-seven
percent had 10 or more episodes an hour of such
desaturations, and 4.4% had 30 or more episodes per hour.
Multivariate analysis demonstrated that snoring, male
gender, body mass index, and advanced age in women were
all correlated with 10 or more episodes per hour. However,
no association was found between desaturations and day-
time somnolence, difficulty with falling asleep, hyperten-
sion, or dysrhythmia. This finding led the authors to sug-
gest that there is a high prevalence of sleep-related
respiratory disturbance in elderly persons, but that there
may be fewer consequences of such disturbance in the el-
derly than for younger groups.

Another method of trying to gauge the clinical impact
of breathing-related sleep disorder in aging populations is
to assess the frequency and subsequent correlates of snor-
ing. In the Cardiovascular Health Study described above
(Whitney et al. 1998), snoring, awakenings, awakening
short of breath, depression, and limited activities of daily
living were all independently associated with elevated
Epworth scores, a self-report measure of situational sleepi-
ness. The authors noted that neither cognitive function,
magnetic resonance imaging evidence of brain atrophy or
white matter abnormalities, nor cardiovascular disorders
were independently associated with levels of daytime
sleepiness. These findings were interpreted as calling into
question the mediating role of hypersomnia on cognitive
function or cardiovascular consequences in apnea.

In a two-stage random sample of the general popula-
tion, both clinical screening and laboratory poly-
somnography were used to determine the prevalence and
clinical significance of sleep apnea across the life span
(Bixler et al. 1998). A total of 4,364 men (age 20–100 years)
were screened by telephone, and a subset of 741 were evalu-
ated in the sleep laboratory. Obstructive sleep apnea syn-
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drome was found in 3.3% of the entire sample by using
clinical criteria combined with an apnea-hypopnea index
greater than 10. The maximum prevalence was found in the
45–64 age range. The prevalence of any type of sleep apnea
increased monotonically with age. The severity of sleep
apnea, as indicated by both number of events and minimum
oxygen saturation, decreased with age when any sleep
apnea criteria were used and when controlling for body
mass index. The authors concluded that the prevalence of
sleep apnea tends to increase with age, but that the clinical
significance (severity) of apnea decreases. Based on these
findings, the authors also suggested that the sleep labora-
tory criteria for diagnosis of sleep apnea should be adjusted
for age.

In terms of the cognitive consequences of apnea in the el-
derly, Stone et al. (1994) administered neuropsychological
tests to 45 older patients with insomnia (mean age 65 years)
with and without sleep apnea. The results suggested that
whentheseverityof sleepdisruptionwascontrolled for,mini-
mal differences were found in neuropsychological function-
ing of older adults with mild to moderate sleep apnea com-
pared with those without apnea. However, in a different study
by Dealberto et al. (1996), 1,389 community-dwelling per-
sons ages 60–70 years were evaluated with clinical scales and
neuropsychological tests. In cross-sectional analyses, snoring
andbreathingpausesduringsleepwere foundtobeassociated
withdaytimesleepinessandwererisk factors for lowcognitive
performance in tests requiring visual attention skills.

Thus, the precise prevalence of breathing-related
sleep disorder in elderly men and women and the health
consequences of breathing-related sleep disorder in the el-
derly remain to be determined.

Movement Disorders

Periodic limb movements and the restless legs syndrome
are syndromes that receive wide attention from the sleep
disorders community (Williams 1996). Although research
has been progressing, focus specifically in elderly popula-
tions remains limited. As with breathing-related sleep dis-
order, the prevalence of both periodic limb movements and
restless legs syndrome is thought to increase with age, but
the clinical significance of these syndromes in the elderly is
unclear. Treatment is generally geared toward symptom-
atic reduction of restless legs syndrome or the excessive
daytime sleepiness that is attributed to periodic limb move-
ments during sleep (Williams 1996).

A different movement disorder, REM behavior disor-
der, is more properly considered a parasomnia. Yet, it can
also be described as consisting of abnormal movements oc-
curring during sleep (Schenck et al. 1986). These move-

ments are believed to parallel the content of dreams osten-
sibly occurring in REM sleep. REM behavior disorder may
be considered a sleep disorder somewhat more specific to
the elderly. Although not well studied, the disorder is
thought to arise in mid- to later life and to be associated
with neurodegenerative disorders such as dementia
(Schenck et al. 1987). Thus, differential diagnosis of new
onset of abnormal movements in sleep becomes more im-
portant in the elderly because the presence of REM behav-
ior disorder suggests that a more extensive assessment of
the central nervous system be conducted before symptom-
atic treatment is instituted.

Circadian Rhythms in Aging

In older adults, many 24-hour rhythms are dampened
and/or advanced. For review of circadian rhythms and psy-
chiatric disorders in the elderly, see Myers and Badia (1995)
and Sloan et al. (1996). The most marked change in circa-
dian rhythms with age is an attenuation of amplitude. An
advance of phase, a shortening of period, and a
desynchronization of rhythms may also be evident. Exam-
ples of such rhythms are reflected in cortisol and growth
hormone levels (reviewed by Vancauter et al. 1998). Ampli-
tude reduction and phase advance of 24-hour rhythms may
represent age-related changes in the central nervous sys-
tem underlying circadian rhythmicity, for example, the
suprachiasmatic nucleus and its afferents and efferents. On
the other hand, age-related alterations in circadian func-
tion could also reflect decreased exposure or reactivity to
photic and nonphotic information (Vancauter et al. 1998).
Age-related changes in the retina, suprachiasmatic nu-
cleus, and pineal gland, as well as behavioral changes such
as a reduction in physical activity and exposure to light, can
all interact to produce the changes in circadian rhythms
observed in aging.

Changes in circadian rhythms are frequently associ-
ated with a reduction in nighttime sleep quality, a decrease
in daytime alertness, and an attenuation in cognitive per-
formance. In a study of young (19- to 29-year-old) and mid-
dle-aged (53- to 59-year-old) workers, three consecutive
nights of shift work resulted in better phase adjustment (as
measured by core body temperature) in younger subjects
than in middle-aged subjects (Harma et al. 1994). The
phase adjustment was correlated with subjective daytime
recuperative sleep quality. In a series of studies examining
circadian adjustment across the life span, Carrier and
Monk (1997) and Monk et al. (1995) demonstrated that the
declines in circadian phase adjustments apparent in middle
age approach levels of severity similar to those observed in
elderly samples (age 70 years and older). The question

Sleep Disorders 409



remains whether the changes in circadian rhythms result
from changes in central nervous system functioning during
aging or from changes in lifestyle such as daily activity and
routines (Monk et al. 1997). Reversing such changes in cir-
cadian rhythms could enhance medical-related quality of
life for a large and rapidly increasing percentage of the pop-
ulation (Myers and Badia 1995). Interventions to reverse
such changes in circadian rhythms might include bright
light therapy, melatonin, and scheduling of daily activities.

Bright Light Exposure and
Sleep Quality in the Elderly

For an overview, see the Consensus Report for Light Treat-
ment of Sleep Disorders (Campbell et al. 1995). The re-
view describes the beneficial effects of bright light on sleep
maintenance insomnia in the elderly. In addition, the re-
view describes the effects of bright light on the behavioral
disturbances that accompany dementia. For example,
Campbell et al. (1993) examined 16 patients, ages 62–81
years, with sleep maintenance insomnia. Patients received
12 days of bright light exposure, which resulted in im-
provements in sleep quality and sleep efficiency. In another
study (Satlin et al. 1992), 10 inpatients with Alzheimer’s
disease received 2 hours of exposure to bright light be-
tween 7:00 P.M. and 9:00 P.M. daily for 1 week. Patients wore
activity monitors. Clinical ratings of sleep-wakefulness on
the evening nursing shift improved with light treatment in
8 of the 10 patients. The proportion of total daily activity
occurring during the nighttime decreased during the
light-treatment week. The relative amplitude of the circa-
dian locomotor activity rhythm, a measure of its stability,
increased during the light-treatment week. In a more re-
cent study by Cooke et al. (1998), 10 community-residing
women between 67 and 87 years old who complained of
poor sleep received bright light (2,000 lux) by visor for 30
minutes in the evening for 14 days in an unblinded, ABA
design using self-report and home actigraphy as outcome
measures. The authors reported improvements in sleep
quality and sleep efficiency. Although the general results
have been encouraging, bright light therapy has not re-
ceived widespread acceptance as a medical intervention in
the elderly, and more research is needed to define parame-
ters such as dosing and duration of treatment.

Melatonin and Sleep
Quality in the Elderly

Considerable controversy exists over the indications and
physiological effects of melatonin. For an introduction to
the debate, including issues related to the elderly, see

Kryger (1997). The issue of melatonin as a hypnotic is un-
resolved, despite the ease of acquiring this hormone from
health food stores. In general, melatonin has not been
shown to be a robust hypnotic. As discussed in the article
cited above, it has been suggested that elderly patients with
insomnia who are deficient in melatonin may benefit from
“replacement” of melatonin by exogenous administration.
However, there remains the question of optimal time of ad-
ministration and the optimal dose necessary. In addition,
some evidence suggests that younger patients with accu-
mulated sleep debt may experience the strongest hypnotic
effect to exogenous melatonin administration. In at least
one recent study specific to the elderly (Youngstedt et al.
1998), neither self-reported sleep measures nor actigraphy
outcomes were related to melatonin excretion. At present,
research evidence is insufficient to guide clinicians in the
use of melatonin in elderly patients with complaints of in-
somnia. No studies examine the use of melatonin to treat
jet lag in the elderly.

Principles of Therapeutic Intervention

We believe that it is important to consider disturbed sleep
in late life as symptomatic of underlying causes, with typi-
cally more than one factor operating in combination, and
that therapy should address causes and related mediating
factors (e.g., depression, as proposed in the model de-
scribed above). Promising avenues of nonpharmacological
intervention for persistent insomnia in late life usually ad-
dress behaviors with a negative effect on sleep (e.g., sleep
compression approaches to limit time in bed to enhance
sleep efficiency and depth) or help to realign sleep and cir-
cadian rhythms with external time cues (e.g., via the use of
bright light exposure). Useful pharmacological approaches
tend to be simple, for example, monotherapy of depres-
sion, which uses a single antidepressant medication and
avoids the premature use of adjunctive sleeping pills. Fur-
ther research is strongly needed to address the utility of
maintenance medication, such as low-dose antidepressants
or intermittent benzodiazepines, for insomnia in late life.
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18
Pain

Michael R. Clark, M.D., M.P.H.

Definition and Assessment

Pain is a complex experience that integrates affective, cog-
nitive, and behavioral factors with an extensive neuro-
biology (Turk et al. 1983). The formulation of pain simply
as a disease of the body fails to appreciate the role of these
factors and usually results in poor treatment outcome. Pain
is not synonymous with a sensory event that is due to a noci-
ceptive input resulting from injury or disease. Pain has
been defined by the International Association for the Study
of Pain as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or de-
scribed in terms of such damage” (Merskey et al. 1986).
Pain is the most common reason a patient presents to a phy-
sician for evaluation (Kroenke and Mangelsdorff 1989;
Kroenke et al. 1990). This physician is rarely a neuro-
psychiatrist. If the patient suffers from chronic pain, pain
persisting on a daily basis for a month beyond what would
be considered the usual time for healing of underlying pa-
thology, then many specialists may be involved in the care
of the patient (Bonica 1990).

Elderly patients with cancer pain are less likely to re-
ceive proper pain management than younger patients
(Cleary and Carbone 1997). Unfortunately, elderly pa-

tients are often less likely to report pain or take opioids and
other medications for pain because of fears of addiction, fu-
ture tolerance coinciding with disease progression, and
side effects and a belief that pain is an indicator of disease
that may distract the doctor from primary and possibly cu-
rative treatment. Studies examining the use of pa-
tient-controlled analgesia in postoperative patients found
that older patients “require” less opioids (Woodhouse and
Mather 1997). However, it remains controversial whether
older patients experience equivalent pain relief with less
medication, are unable to report their pain, or continue to
endure higher levels of pain despite medication being
available to them. It would certainly be inappropriate and
inaccurate to begin the evaluation of elderly patients be-
lieving that they experience less pain and suffering than
younger patients (Ferrell 1991).

Although elderly patients may present to physicians
with unusual complaints or lacking cardinal symptoms for
a given illness, pain perception probably does not change
with age (Harkins 1996). Pain is difficult to assess, espe-
cially in patients with terminal illnesses, cognitive impair-
ments, and other chronic degenerative diseases of the brain
(Nikolaus 1997; Parmelee 1996). Pain rating scales at-
tempt to measure the severity and intensity of pain. Many
factors can influence these ratings including disease states,
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mental disorders, distress, personality traits, and meaning-
ful interpretations based on personal beliefs. Even the sim-
plest self-report measures to record the presence of pain
cannot be effectively used by many elderly individuals
(Ferrell et al. 1995). The elderly often have deficits in ab-
stract ability that make it difficult for them to rate pain by
using a visual analogue scale (VAS) or a verbal descriptor
scale (VDS) with terms such as “discomforting,” “distress-
ing,” and “excruciating.”

Increased age is associated with a greater frequency of
incorrect responses to the VAS. In a comparison study of
several pain rating scales, such as a vertical-oriented VAS, a
VDS, a pain thermometer, and a numeric rating scale, the
VDS was rated as the preferred, easiest, and best assess-
ment tool for rating pain by the elderly (Herr and Mobily
1993). However, the ratings of pain intensity using these
scales were poorly correlated with one another. Alternative
tools for evaluating pain, such as pain drawings or maps and
observations of pain behaviors, have been studied with pos-
itive results, but these methods are limited by reliance upon
an outside observer to rate a patient’s pain (Weiner et al.
1996, 1998). Animal studies also suggest that behavioral
signs of pain are reduced in older rats with neuropathic
pain (Chung et al. 1995). Different patient populations will
probably require different pain rating instruments, de-
pending on sensory, language, and neurological deficits. A
comprehensive evaluation should be done for any patient
who complains of pain, becomes agitated, or experiences
deterioration in his or her functioning. This evaluation
should incorporate simple standardized tools for rating
pain severity, observations by others to determine the pres-
ence of pain-related behaviors including any problems
with activities of daily living that would indicate the pres-
ence of pain, and clinical examination to elicit evidence of
pain and the signs of possible etiologies.

Epidemiology

Pain is a common problem in the general population
(Karlsten and Gordh 1997). The U.S. Center for Health
Statistics conducted an 8-year follow-up survey and found
that 32.8% of the general population suffered from chronic
pain symptoms (Magni et al. 1993). A recent World Health
Organization study of more than 25,000 primary care pa-
tients in 14 countries found that 22% of patients suffered
from pain that was present for most of the time for at least 6
months (Gureje et al. 1998). In the community-dwelling
elderly population, 25%–50% will suffer from pain
(Gagliese and Melzack 1997; Gloth 1996). In a 24-year lon-
gitudinal study of chest, abdomen, and musculoskeletal

pain, symptoms increased with aging, and women reported
more persistent and severe pain (Brattberg et al. 1997). In
people 65 years of age or older, musculoskeletal pain is as-
sociated with three times the likelihood of significant diffi-
culty performing three or more physical activities (Scudds
and Robertson 1998). In persons over the age of 75, more
than two-thirds reported pain, almost half reported pain in
multiple sites, and a third rated pain as severe in at least one
location (Brattberg et al. 1996). Pain is even more common
in residents of long-term care facilities and associated with
significant decreases in function and quality of life.
Sixty-six percent of nursing home residents over 65 re-
ported chronic pain, which was not detected by physicians
in 34% of residents (Stein and Ferrell 1996).

In patients surviving hospitalization for serious illness,
those reporting moderately severe pain occurring most of
the time or extremely severe pain occurring more than half
of the time, 40% reported this pain up to 6 months after
discharge from the hospital (Desbiens et al. 1997). The
Study to Understand Prognoses and Preferences for Out-
comes and Risks of Treatment (SUPPORT) has demon-
strated that pain, dyspnea, and fatigue are the most preva-
lent symptoms experienced by patients with terminal
illnesses at the end of life (Lynn et al. 1997). Sixty-three
percent of patients at the end of life had difficulty tolerating
physical or emotional symptoms.

Acute pain in the elderly is usually the result of trauma
from a surgery, injury, or exacerbation of chronic disease,
especially musculoskeletal conditions. Approximately
80% of the elderly suffer from some type of arthritis (Davis
1988). Treatment is focused on controlling inflammation
and preventing tissue destruction. Recently, more empha-
sis has been placed on pain relief. Preliminary studies indi-
cate that, compared with placebo, amitriptyline and
fluoxetine significantly reduce pain (Rani et al. 1996).
Older adults are likely to undergo surgery for degenerative
problems, fractures, and cardiovascular disease (Ferrell
1996).

The approach to acute pain management in the elderly
will usually be successful with straightforward strategies
such as relaxation, immobilization, pharmacological
agents (aspirin, acetaminophen, nonsteroidal anti-inflam-
matory drugs, opioids), massage, and transcutaneous elec-
trical nerve stimulation (Acute Pain Management Guide-
line Panel 1992). To avoid delirium, side effects, and
toxicity of the gastrointestinal, hepatic, and renal systems,
the normal physiology of aging and presence of chronic
diseases must be taken into consideration when using phar-
macological treatments for pain. Although age and illness
are risk factors for poor outcome, the elderly are more sim-
ilar to the general population than they are different and
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benefit most when they receive excellent care rather than
treatment by specialized algorithms.

Psychiatric Comorbidity

Patients with depression, anxiety, or psychological distress
may experience increased pain or describe aspects of their
suffering other than pain. Some patients cope with pain
better than others, as reflected in their reports of pain, pain
behaviors, and functional disabilities. In particular, elderly
patients will often not report pain because they fear it
means a deterioration of their condition, that it will distract
practitioners from their underlying illness, or that it will
upset others around them who are concerned about their
well-being (Nishikawa and Ferrell 1993).

Pain Disorder

Pain “caused” by emotional factors was first classified in
DSM-II under psychophysiological disorders (American
Psychiatric Association 1968). DSM-III specifically ad-
dressed the problem of chronic pain with the introduction
of psychogenic pain disorder, in which pathophysiology
was either absent or insufficient to explain the severity and
duration of pain (American Psychiatric Association 1980).
In somatoform pain disorder (DSM-III-R), psychological
factors were no longer required as an etiology of pain
(American Psychiatric Association 1987). A preoccupation
with pain instead of pain itself was established as the core
criterion.

DSM-IV introduced pain disorder as a refinement of
the DSM-III-R diagnosis of somatoform pain disorder
(American Psychiatric Association 1994; S. A. King and
Strain 1992). The primary criteria require 1) pain as the
chief complaint, and 2) pain causing significant distress or
functional impairment. In addition, psychological factors
are recognized as having an important role in the pain, and
the pain must not be the result of another mental disorder
such as a factitious disorder, a mood disorder, or an anxiety
disorder. If another mental disorder is present, the diagno-
sis of pain disorder cannot be given to a patient. It must be
further specified if the pain disorder is acute or chronic and
whether it is associated with just psychological factors or
both psychological factors and a general medical condi-
tion. Unfortunately, the concept of psychological and
physical dualism is still inherent in this diagnosis. Although
it is difficult, the evaluation of a patient with pain should at-
tempt to determine and enumerate all relevant diagnoses
regardless of what specialty typically treats a particular di-
agnosis.

Somatization

Symptoms, not specific diseases, are the most common rea-
son for seeking medical care (Brown et al. 1971; Koch
1978; Kroenke et al. 1990). Usually, a medical cause is
never found for these “somatization” symptoms (Kroenke
and Mangelsdorff 1989). As the number of medically unex-
plained symptoms increases, associated morbidity such as
functional disability, increased health care utilization, in-
appropriate treatment with medications, excessive evalua-
tions, and higher rates of psychiatric disorders increases
(Katon et al. 1991; Kouyanou et al. 1998). These patients
were more likely to exhibit catastrophic thinking and be-
lieve the cause of their pain to be a mystery. They often have
feelings of losing control and that physicians believe their
pain is imaginary. Patients with chronic pain and medically
unexplained symptoms were also found to suffer iatrogenic
consequences of their symptoms such as excessive medical
evaluations and long-term treatment with inappropriate
medications.

Although the actual diagnosis of somatization disorder
is rare in patients with chronic pain, somatization is a com-
mon phenomenon in the practice of medicine, manifests it-
self along a spectrum of severity, and can emerge from and
is shaped by many factors both in and around the patient.
Somatization is conceptualized as at least three overlap-
ping, distinct patterns of illness behavior “in which given
symptoms may be differentially perceived, evaluated, and
acted upon by different kinds of persons” (Mechanic 1962).
These three forms have been operationalized and include
1) high levels of medically unexplained symptoms in multi-
ple physiological systems; 2) levels of somatic preoccupa-
tion or illness worry beyond what is expected from demon-
strable disease; and 3) the predominantly or exclusively
somatic clinical presentation of psychiatric disorders, such
as depression or anxiety (Atkinson et al. 1991; Katon et al.
1985; Kirmayer and Robbins 1991). Environmental forces
such as the societal stigma of psychiatric disorders, history
of physical and sexual abuse, and the reliance of physicians
on the biomedical paradigm predispose to and reinforce
somatization (Kroenke 1993; Walling et al. 1994).

Characterizing somatization as a psychophysiological
process rather than a categorical psychiatric diagnosis or a
psychological trait is probably more appropriate (Sullivan
and Katon 1993). The process of somatization starts with
symptom perception that varies along a continuum from
minimization to amplification of sensory information.
Once the symptom has been perceived, the individual at-
tributes it to a cause, which could include a health problem.
Finally, a decision is made about how to react to this symp-
tom, and perhaps consultation with a health care profes-
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sional will be sought. Fortunately, somatization can be
managed effectively when the specific components of the
process are addressed individually with understanding and
rational treatments (Sullivan and Katon 1993).

Substance Use

Terms such as addiction, misuse, overuse, abuse, and de-
pendence have been used inconsistently to describe various
behaviors, making interpretation of many research studies
difficult. The underreporting of medication use compli-
cates accurate assessment of actual use patterns by patients
with chronic pain (Ready et al. 1982). However, in patients
with chronic pain who develop new substance use disor-
ders, the problem most commonly involved the medica-
tions prescribed by their physicians (Long et al. 1988;
Maruta et al. 1979). The mechanism of relapse to substance
abuse in these patients is not well understood and probably
involves multiple factors; however, a cycle of pain followed
by relief after taking medications is an example of operant
reinforcement of their future use (Fordyce et al. 1973).

In a study of patients attending a clinic specializing in
pain, almost 90% of patients were taking medications
(Kouyanou et al. 1997). Opioid analgesics were prescribed
to 70%, whereas antidepressants and benzodiazepines
were being taken by only 25% and 18%, respectively. In
this population, 12% met DSM-III-R criteria for sub-
stance abuse or dependence; however, the misuse and
abuse of medications was not limited to just psychoactive
substances. In a review of 24 studies of drug/alcohol de-
pendence/addiction in patients with chronic pain, only 7
studies met their standard of using acceptable criteria for
these substance use disorders, and the prevalence ranged
from 3.2% to 18.9% (Fishbain et al. 1992b). In a study of
patients with chronic low back pain, 34% had a substance
use disorder, yet in all cases such use was present before the
onset of the chronic pain (Polatin et al. 1993). Those indi-
viduals with a history of substance abuse were found to be at
increased risk for substance abuse during treatment for
chronic pain, as well as increased risk of further physical in-
jury (Savage 1993).

Substance abuse research has demonstrated abnor-
malities in pain perception and tolerance. In a study of per-
sons who abused opiates and cocaine, cold pressor pain tol-
erance was significantly lower in individuals with current as
opposed to former abuse (Compton 1994). Patients with
alcoholism and nonalcoholic men with high famil-
ial-genetic risk for alcoholism demonstrate greater sensi-
tivity to painful stimuli and pain reduction induced by alco-
hol (Stewart et al. 1995). These men rated an aversive shock
as more painful, but differences from control subjects

could be “normalized” with pharmacologically significant
levels of ingested alcohol. This increased sensitivity to pain
coupled with the relief experienced with substance use sug-
gests at least one mechanism for the development of sub-
stance dependence in patients with chronic pain. (See also
Chapter 16 in this volume.)

Depression

The National Health and Nutrition Study found that de-
pression was more common in the elderly independent of
the presence of pain (Harkins et al. 1984). However, the
relationship between pain and depression remains contro-
versial. Physical symptoms are common in patients suffer-
ing from major depression (Lipowski 1990). Approxi-
mately 60% of patients with depression report pain
symptoms at the time of diagnosis (Magni et al. 1985; Von
Knorring et al. 1983). The presence of a depressive disor-
der has been demonstrated to increase the risk of develop-
ing chronic musculoskeletal pain, headache, and chest pain
3 years later (Leino and Magni 1993; Magni et al. 1993,
1994; Von Korff et al. 1993). Older adults with depression
were at increased risk for neck, back, and hip pain. Even af-
ter 8 years, previously depressed patients remained twice as
likely to develop chronic pain as the nondepressed.

In 1,016 members of health maintenance organiza-
tions, the prevalence of depression was 12% in individuals
with three or more pain complaints compared with only
1% in those with one or no pain complaints (Dworkin et al.
1990). The prevalence of major depression in patients with
chronic low back pain is more than three times the rate in
the general population (Sullivan et al. 1992). In groups of
patients with medically unexplained symptoms such as
back pain and dizziness, two-thirds of patients have a his-
tory of recurrent major depression compared with less than
20% of medically ill control groups (Atkinson et al. 1991;
Katon and Sullivan 1990; Sullivan and Katon 1993). In pa-
tients with chronic pain referred to comprehensive pain
programs for evaluation, 8%–50% have been reported to
have a current major depression (Smith 1992). If pain re-
sulted in a loss of independence or mobility that decreased
an individual’s participation in activities, the risk of depres-
sion was significantly increased (Williamson and Schulz
1992). Individuals with chronic physical complaints also
have higher rates of lifetime major depression.

Depression is not simply a comorbid condition but in-
teracts with chronic pain to increase morbidity and mortal-
ity. Patients with chronic pain and depression reported
greater pain intensity, less life control, and more use of pas-
sive-avoidant coping strategies (Magni et al. 1985). They
also described greater interference from pain and exhibited

418 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



more pain behaviors than patients with chronic pain and
without depression (Haythornthwaite et al. 1991; Weick-
genant et al. 1993). The presence of preoperative depres-
sion in patients undergoing lumbar discectomy was predic-
tive of poorer surgical outcome at 1-year follow-up (Junge
et al. 1995). In patients with rheumatoid arthritis, depres-
sive symptoms were significantly associated with negative
health and functional outcomes as well as with increased
health services utilization (Katz and Yelin 1993). De-
pression has been shown to be a significant predictor of
pain persistence and the best predictor of application for
early retirement (Hasenbring et al. 1994; Magni et al.
1993).

Patients with migraine, chronic abdominal pain, and
orthopedic pain syndromes report increased rates of sui-
cidal ideation and suicide attempts (Magni et al. 1998). In
patients who attempted suicide, 52% had a somatic disease
and 21% were taking analgesics on a daily basis for pain
(Stenager et al. 1994). Patients with chronic pain com-
pleted suicide at two to three times the rate in the general
population (Fishbain et al. 1991). Oncology patients with
pain who also suffered from depression were significantly
more likely to request assistance in committing suicide as
well as to have taken steps to end their lives such as seeking
information about suicide plans or hoarding medications.
However, even if in pain, when depression was not present,
they were unlikely to request the interventions of euthana-
sia and physician-assisted suicide (Emanuel et al. 1996).
Depression should be treated aggressively and not simply
“understood” as an expected outcome of having chronic
pain. (See also Chapter 13 in this volume.)

Anxiety

Although anxiety is a common and expected component of
acute pain, patients with chronic pain are also at increased
risk for comorbid anxiety disorders. Patients with a variety
of pain syndromes ranging from chronic low back pain,
chronic neck pain after whiplash injury, and chronic pain
from prostate cancer have increased rates of both anxiety
symptoms and disorders (Heim and Oei 1993; Lee et al.
1993; Polatin et al. 1993; Weissman and Merikangas 1986).
Almost 50% of patients report anxiety symptoms, and 19%
of patients have an anxiety disorder such as panic disorder
and generalized anxiety disorder (Devlen 1994; Fishbain et
al. 1986; Katon et al. 1985). One prospective study of 1,007
young adults found that a baseline history of migraine was
significantly associated with an increased risk (odds ra-
tio = 12.8) of first-incidence panic disorder (Breslau and
Davis 1993).

Conversely, anxiety disorders have been shown to be

associated with high levels of somatic preoccupation and
physical symptoms. In a study of patients with panic disor-
der, almost 40% reported chronic pain symptoms and
more than 7% were using analgesics on a daily basis (Kuch
et al. 1991). When compared with the other patients with
panic disorder, this subset had significantly higher rates
of illness behaviors. The self-reported pain intensity of
patients with rheumatoid arthritis was most significantly
influenced by the presence of anxiety and depression
even when controlling for disease activity (Smedstad et
al. 1995). Other studies have argued that attentional
focus and not anxiety exerts a more important influence
on pain (Arntz et al. 1994). (See also Chapter 15 in this
volume.)

Neurobiology

The neurobiology of pain is complex and described in nu-
merous textbooks, chapters, and review articles (Borsook
1997; Cesaro and Ollat 1997; Wall and Melzack 1994). On-
going nociceptive or neuropathic stimulation causes
changes in peripheral nerves, spinal cord structures, and
supraspinal structures (Siddal and Cousins 1995, 1998).
Continuing neurobiological discoveries generate new
ideas for the development of pharmacological agents to
treat pain. Examples are N-methyl-D-aspartate (NMDA)
receptor antagonists, adenosine receptor agonists, nitric
oxide synthase inhibitors, and cyclo-oxygenase-2 inhibi-
tors (Lane 1997; Lipman 1996).

Peripheral Mechanisms

Peripheral mechanisms of pain begin with the primary af-
ferent nociceptors that respond to mechanical, thermal,
and chemical stimuli (Meyer et al. 1994). The myelinated
Aδ fibers transmit mechanothermal information (phasic
pain with sharp, pricking quality), but unmyelinated
C-fiber nociceptors are polymodal (tonic pain with burn-
ing, aching quality). The effect of age on the pain threshold
is dependent on multiple factors such as sensory modality,
location in the body, and experimental paradigm (Chakour
et al. 1996; Heft et al. 1996; Lasch et al. 1997). The pain
threshold may be raised in the elderly, as indicated by de-
creased reports of pain with esophageal distension and
thermal stimulation to the skin, but unaffected in heat/cold
pain sensation on the skin of the face or detection of electri-
cal stimulation to the skin. In studies of heat nociception in
leg skin, pain intensity ratings were not affected by age
(Harkins et al. 1996). However, in the elderly, slow tempo-
ral summation (C fibers) failed to develop, and response
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times to pain (Aδ fibers) were delayed. In another study us-
ing a compression block of the superficial radial nerve,
older adults exhibited an increase in pain threshold consis-
tent with impaired Aδ-fiber function and not that of pre-
served C-fiber function (Chakour et al. 1996).

Usually, stimulation activates high-threshold nocicep-
tors but, in conditions of inflammation or nerve injury,
neurogenic inflammation occurs with the release of pep-
tides from nociceptive afferents such as substance P and
neurokinin A (Levine et al. 1993; Woolf and Chong 1993).
As a result, nerve fibers become more excitable, vascular
structures dilate, plasma proteins are extravasated, and in-
flammatory cells release a variety of chemical mediators
(e.g., bradykinin, histamine, arachidonic acid metabolites).
When these chemicals alter the response of high-threshold
nociceptors, peripheral sensitization has occurred. After-
ward, low-intensity stimuli can activate low-threshold
Aβ-mechanoreceptors and produce pain. A zone of pri-
mary hyperalgesia is produced around the site of injury.
The decrease in sensory nerve function with age may also
be manifested by poor tissue healing, which can be reversed
with the vasodilation produced by exogenous sensory pep-
tides such as substance P and calcitonin gene-related pep-
tide (Khalil and Helme 1996; Khalil et al. 1994; Merhi et al.
1998). High-frequency electrical stimulation of sensory
nerves in aged rats produced an increased latency and de-
creased vasodilation response in injured tissues. The de-
crease in neurogenic inflammatory response that occurs
with age as measured by the axon reflex flare response may
be a result of decreased substance P content in skin (Helme
and McKernan 1986).

When local tissues are injured, opioid receptors are
produced in the dorsal root ganglion and transported to
both the dorsal horn of the spinal cord and peripheral sites,
where they become “unmasked” (Stein 1997). When a
nerve is damaged, peptide production increases, the end of
the nerve fiber sprouts, sensitivity to mechanical stimula-
tion and noradrenaline increases, and the nerve fires spon-
taneously (Devor 1994). Similar changes occur at sites of
demyelination and in the dorsal root ganglion of damaged
nerves. Sympathetic efferent fibers release prostanoids
during inflammation that sensitize primary nociceptive
afferents, innervate the dorsal root ganglion, and excite
primary afferents at α-adrenoceptors (Janig 1996). In stud-
ies of tissue inflammation in aging rat skin, the inhibitory
modulation of sympathetic efferents is increased for
high-frequency stimulation (Merhi et al. 1998). Silent
nociceptors are a class of unmyelinated primary afferent
neurons that respond only when sensitized by the chemical
mediators of inflammation (McMahon and Koltzenburg
1990).

Dorsal Horn Mechanisms

The primary afferent nociceptors terminate in laminae I,
II, and V of the dorsal horn (Willis and Coggeshall 1991).
The second-order neurons can be classified into nocicep-
tive-specific/high-threshold or wide dynamic range/con-
vergent neurons. The nociceptive-specific neurons are lo-
cated more superficially in the dorsal horn and respond
only to noxious stimuli. In contrast, wide dynamic range
neurons are more deeply located and respond to all types of
stimuli. Allodynia, nonnoxious tactile stimuli perceived as
painful, occurs when wide dynamic range neurons become
sensitized and hyperexcitable and fire at increased fre-
quency. The allodynia is manifested in a zone of secondary
hyperalgesia in normal tissue adjacent to injured tissue.
Local interneurons provide inhibitory modulation.

Central sensitization occurs in the dorsal horn, which
is the site of action of many neurotransmitters and
neuromodulators such as the excitatory amino acids (gluta-
mate, aspartate) and peptides (Price et al. 1994). These act
at several receptors including NMDA, kainate, metabo-
tropic glutamate, opioid, neurokinin, α-adrenergic, sero-
tonin, adenosine, and γ-aminobutyric acid (GABA) recep-
tors. The prolonged activation of non-NMDA receptors
(e.g., α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid) readies the NMDA receptor to produce more long-
term changes to the processing of sensory information
(Dubner and Ren 1994; Woolf and Thompson 1991).
These modifications include windup (progressive in-
creases in neuronal activity throughout the stimulus dura-
tion), facilitation (magnification and prolongation of the
duration of neuron response), action potential threshold
reduction, receptive field expansion, oncogene induction,
and long-term potentiation (strengthening of synaptic
transmission efficacy after activity across the synapse).
When calcium enters the cell with the activation of the
NMDA receptor, second messengers such as protein kinase
C, cGMP, and polyphosphoinositides are generated.

Approximately 75% of the opioid receptors in the dor-
sal horn are presynaptic and, when stimulated, reduce the
release of neurotransmitters from primary nociceptive
afferents. During inflammation and nerve injury, opioids
increase NMDA activity promoting central sensitization
and tolerance to opioids, cholecystokinin interferes with
opioid analgesia, morphine-3-glucuronide antagonizes
opioid analgesia, and presynaptic opioids are lost
(Basbaum 1994). α-Adrenoceptors are activated by
noradrenaline, which has a synergistic effect with opioid
receptor agonists and is released by descending inhibitory
pathways (Meert and DeKock 1994). GABA and glycine
tonically inhibit nociception. When activated, GABAE
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receptors suppress the presynaptic release of excitatory
amino acids from primary afferent terminals, whereas
GABAA receptors have postsynaptic actions (Sivilotti and
Woolf 1994).

Ascending Tract and Descending
Inhibition Mechanisms

Second-order neurons project to supraspinal structures in
the ascending tracts of the contralateral anterolateral
spinal cord (spinothalamic, spinoreticular, spinomes-
encephalic) and a latent ipsilateral pathway. The ventro-
posterior nuclei of the thalamus represent the sensory-
discriminative (temporal and spatial) aspects of pain, and
the medial nuclei are involved with the affective-
motivational features of pain. Increased thalamic activity
has been associated with acute experimental pain in con-
trast with chronic pain states, which are associated with de-
creased thalamic activity on positron-emission tomogra-
phy (Iadarola et al. 1995; Jones et al. 1991). Most of the
other subcortical structures (e.g., basal ganglia, hypothala-
mus, amygdala, cerebellum) are postulated to function in
the transmission of nociception and perception of pain.

The role of the cortical structures in pain and suffering
is less well understood. The parietal lobes and somato-
sensory cortex probably contribute to the sensory-
discriminative component, and the cingulate cortex, with
the affective component of pain (Jannetta et al. 1990; Tal-
bot et al. 1991). Pain can be decreased by descending inhi-
bition as first postulated by the gate theory of Melzack and
Wall (1965). Many structures (e.g., locus ceruleus, nucleus
raphe magnus, periaqueductal gray matter, hypothalamus)
and neurotransmitters (e.g., endogenous opioids, seroto-
nin, noradrenaline, GABA) contribute to descending inhi-
bition (Fields and Basbaum 1994). Serotonin and dopa-
mine levels have been found to be decreased in studies of
nociception in aged rats (Goicoechea et al. 1997). Treat-
ment modalities involving electrical stimulation (e.g., deep
brain stimulation, dorsal column stimulation, transcu-
taneous electrical nerve stimulation) attempt to activate
descending inhibition to decrease chronic pain.

Treatment

A large body of research now supports the use of traditional
neuropsychiatric treatments in the management of chronic
pain. Pharmacological, psychological, and multi-
disciplinary treatments have proven effective for many dif-
ferent pain syndromes. In the elderly, most chronic dis-
eases are disproportionately represented, including cancer,

vascular disease, peripheral neuropathy, temporal arteritis,
polymyalgia rheumatica, postherpetic neuralgia (PHN),
stroke, and Parkinson’s disease (Foley 1994; Gordon
1979). Several are described below to highlight a few of the
more common conditions and the wide number of
pathophysiological mechanisms that have been discovered.

For any specific disease, no single algorithm can dic-
tate the modalities of treatment to be prescribed. Several
classes of medications have proven efficacy for the treat-
ment of neuropathic pain. However, the relief provided by
these medications is usually incomplete and difficult to
predict in advance. The selection of a particular medica-
tion will depend on multiple factors. The disease itself may
change over time such that the efficacy of a treatment is al-
tered, one treatment may be selected over another based on
the response to previous treatments, and the patient’s psy-
chiatric comorbidity, temperament, coping skills, and per-
sonal history cannot be neglected.

Postherpetic Neuralgia

PHN is defined as pain persisting or recurring at the site of
shingles at least 3 months after the onset of the acute
varicella zoster viral rash (Bowsher 1997b). This condition
is more likely to occur with age, and more than half of
patients over 65 years old with shingles develop PHN.
Patients with cancer, diabetes mellitus, and immuno-
suppression are more likely to develop PHN. Approxi-
mately 15% of referrals to pain clinics are for the treatment
of PHN. Although degeneration and destruction of motor
and sensory fibers of the mixed dorsal root ganglion char-
acterize acute varicella zoster, other forms of neurological
damage have been described. These changes include in-
flammation of the spinal cord, myelin disruption, axonal
damage, and decreases in the number of nerve endings
from the affected skin.

These same changes persist in patients with PHN, but
the actual mechanism of pain is not well understood.
Studies have suggested the role of both peripheral and cen-
tral mechanisms, probably resulting from the loss of
large-caliber neurons and subsequent central sensitization,
but adrenergic receptor activation and alterations in
C-fiber activity have also been reported (Fields et al. 1998).
Early treatment of varicella zoster with low-dose
amitriptyline has reduced the prevalence of pain at 6
months by 50% (Bowsher 1996, 1997a; Johnson 1997). A
recent review of randomized controlled trials and
meta-analysis concluded that tricyclic antidepressants
(TCAs) are the most effective agents for the treatment of
PHN (Volmink et al. 1996). Anticonvulsants and opioids
are also under investigation.
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Peripheral Neuropathy Pain

Sensory neurons are damaged by many diseases, both di-
rectly and indirectly (Scadding 1994). If C-fiber input is
preserved but large-fiber input is lost, paresthesias and pain
are the predominant sensory experiences. The pain of a pe-
ripheral neuropathy can range from a constant burning to
episodic, paroxysmal, and lancinating in quality. These
phenomena are primarily the manifestation of axonal de-
generation and segmental demyelination. Sites of ectopic
impulse generation can be found at any point along the pe-
ripheral nerve including the dorsal root ganglion regard-
less of where the nerve is actually damaged. Other changes
can alter the magnitude and frequency of impulse genera-
tion such as sensitivity to mechanical or neurochemical
stimuli. Ephaptic impulse transmission and crossed af-
ter-discharge have been described as models of peripheral
neuropathic pain. Voltage-dependent sodium channels in
the dorsal root ganglion undergo both upregulation and
downregulation, depending on the subpopulation (Rizzo
1997). Many changes also occur in the central nervous sys-
tem when a peripheral nerve is damaged. This central sen-
sitization can amplify and sustain neuronal activity by a va-
riety of mechanisms such as reduced inhibition of dorsal
horn cells.

Parkinson’s Disease

Pain is the most common sensory manifestation of Parkin-
son’s disease and reported by half of patients (Goetz et al.
1986; Koller 1984; Starkstein et al. 1991). The pain is typi-
cally described as cramping and aching, located in the
lower back and extremities, but not associated with muscle
contraction or spasm. These pains often decrease when the
patient is treated with levodopa, which suggests a central
origin. The loss of dopaminergic input could explain how
pain is produced. Specifically, studies of the rat rostral
agranular insular cortex suggest a role in modulation of
nociception probably through a loss of descending inhibi-
tion in the spinal cord (Burkey et al. 1996). The basal gan-
glia neurons in rats exhibit nociceptive-specific responses
to noxious stimulation, and the marginal division of the
neostriatum has high concentrations of substance P,
metenkephalin, and dynorphin-B (Chudler and Dong
1995; Chudler et al. 1993).

Central Poststroke Pain

Approximately 5% of patients who have suffered a stroke
experience intractable pain in addition to other neurologi-
cal deficits (Bowsher 1995). Patients typically have
hemibody sensory deficits and pain associated with

dysesthesias, allodynia, and hyperalgesia. Radiographic le-
sions are present in the thalamus, although other sites are
often involved. Excitatory amino acids may be involved in
the development of this syndrome. Pharmacological treat-
ment is usually not effective, and medications such as
ketamine, an NMDA receptor antagonist, reduce pain in
less than 50% of patients (Yamamoto et al. 1997). In con-
trast, patients with spinal cord injury experience reduc-
tions in continuous and evoked pain with ketamine and µ
opioid receptor agonists, suggesting different mechanisms
in different central pain states (Eide et al. 1995).

Migraine

The peak incidence of migraine occurs between the third
and sixth decade of life and then decreases with age. How-
ever, over the life span, 18% of women and 6% of men will
suffer from migraine (Lipton et al. 1997). The patho-
genesis is still not well understood but probably involves
the trigeminovascular system and plasma protein
extravasation, antagonism of serotonin receptors, modula-
tion of central aminergic control mechanisms, membrane-
stabilizing effects through action at voltage- sensitive cal-
cium channels, and substance P (Goadsby 1997; Solomon
1995). The common migraine is defined as a unilateral
pulsatile headache, which may be associated with other
symptoms such as nausea, vomiting, photophobia, and
phonophobia (Szirmai 1997). The duration is usually up to
several days. The classic form of migraine adds visual
prodromal symptoms such as scintillating scotomata. The
complicated migraine includes focal neurological signs
such as cranial nerve palsies and is often described as the
name of the primary deficit, for example, vestibular mi-
graine, basilar migraine. The calcium channel blockers,
antidepressants, and anticonvulsants are the treatments
with best-documented efficacy.

Pharmacological Treatments

Opioids. The use of opioids in nonmalignant chronic
pain remains a subject of considerable debate (Chabal et al.
1992a). Until recently, opioids were reserved for use only
in the treatment of acute and cancer pain syndromes. Non-
malignant chronic pain was considered to be unresponsive
to opioids, which were associated with too many risks.
Fears of regulatory pressure, medication abuse, and the de-
velopment of tolerance create a reluctance to prescribe
opioids, and many studies have documented this “under-
utilization” (Maruta et al. 1979; Morgan 1985; Schug et al.
1991). Studies investigating the risk of opioid abuse have
been reassuring. In one study of 12,000 medical patients
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treated with opioids, only 4 patients without a history of
substance abuse developed dependence on the medication
(Porter and Jick 1980). Other studies of chronic opioid
therapy found that patients who developed problems with
their use of the medication all had a history of substance
abuse (Portenoy and Foley 1986; Taub 1982). Even when
the diagnosis of dependence is suspected in patients taking
opioids for chronic pain, maladaptive behaviors such as
stealing or forging prescriptions rarely occur (Fishbain et
al. 1992b; Sees and Clark 1993). Fortunately, recent stud-
ies of physicians specializing in pain, as well as those who do
not, have shown that prescription of long-term opioids is
increasingly common (Turk et al. 1994). Surveys and
open-label clinical trials support the safety and effective-
ness of opioids in patients with chronic nonmalignant pain.
Recently, several controlled trials have documented the ef-
fectiveness of opioids in the treatment of chronic nonma-
lignant pain.

A randomized double-blind crossover study of oral
continuous-release morphine found a significant decrease
in musculoskeletal pain compared with that found with
placebo (Moulin et al. 1996). Although 9 weeks of therapy
did not produce any evidence of addiction, patients did not
experience significant psychological or functional im-
provement. Another randomized placebo-controlled clin-
ical trial found that treatment with controlled-release co-
deine reduced reports of pain as well as pain-related
disability (Arkinstall et al. 1995). Opioids are now being
considered for the specific treatment of neuropathic pain.
Recent studies of the treatments for neuropathic pain sup-
port the use of opioids to provide direct analgesic actions
and not just to counteract the unpleasantness of pain
(Dellemijn and Vanneste 1997; Watt et al. 1996). Other
studies have documented the presence of opioid receptors
in the peripheral tissues that become activated by inflam-
mation (Stein et al. 1997). These findings suggest a role for
opioids in the treatment of chronic inflammatory diseases.

Once the decision is made to prescribe opioids, several
recommendations have been suggested to minimize the
risks and optimize the potential benefits (Mendelson and
Mendelson 1991; Schug 1991). The Agency for Health
Care Policy and Research has produced guidelines for the
treatment of acute and cancer pain (Acute Pain Manage-
ment Guideline Panel 1992; Cancer Pain Management
Guideline Panel 1994). The Federation of State Medical
Boards (1998) has recently formulated guidelines for the
treatment of chronic pain. The American Academy of Pain
Medicine and the American Pain Society have produced a
consensus statement (The Use of Opioids for the Treatment of
Chronic Pain) to provide education and general principles
for practitioners in this area. The American Geriatric Soci-

ety (1998) has recently published clinical practice guide-
lines for the management of chronic pain in older persons.

Opioids with a short duration of analgesic activity gen-
erally create more problems than they solve. These medi-
cations must be taken multiple times a day, often interfer-
ing with the patient’s daily activities, including sleep. But
more importantly, opioids with short duration result in se-
rum levels of considerable variability. Analgesia is difficult
to achieve and side effects are more likely to occur. Con-
trolled-release formulations of morphine, oxycodone, and
fentanyl are now available. Multiple studies describe the
more favorable pharmacokinetic and pharmacodynamic
profiles of these medications. A recent study found compa-
rable analgesia, with more vomiting occurring with con-
trolled-release morphine and more constipation with con-
trolled-release oxycodone (Heiskanen and Kalso 1997).
Transdermal fentanyl is an effective analgesic with gener-
ally fewer side effects than oral medications and more than
90% of patients choosing to continue the medication after
completion of a study trial (Donner et al. 1996). In the
treatment of chronic low back pain, transdermal fentanyl
significantly decreased pain and improved functional dis-
ability (Simpson et al. 1997). Tolerance leading to dosage
escalation is generally not a problem in the management of
patients taking long-term opioids (France et al. 1984;
Portenoy 1990).

The most common side effect of chronic opioid ther-
apy is decreased gastrointestinal motility, causing consti-
pation (Portenoy and Foley 1987). However, concerns
about potential cognitive impairment are more often the
reason opioids are not prescribed. Again, the available re-
search has not demonstrated these deleterious effects on
neuropsychological testing or electroencephalography ex-
cept in patients prescribed multiple types of medications,
especially sedatives and hypnotics (Hendler et al. 1980;
Lomardo et al. 1976; McNairy et al. 1984; Zielger 1994).
Elderly patients are more susceptible to delirium than
younger patients (see Chapter 19 in this volume). Although
no studies have examined this risk of delirium in chronic
pain syndromes treated with opioids, postoperative pa-
tients are less likely to develop cognitive impairment with
fentanyl than with morphine (Herrick et al. 1996). Another
similar study found that cognitive performance was poorer
in patients receiving hydromorphone compared with those
receiving morphine (Rapp et al. 1996). Many metabolites
of opioids are excreted by the kidney and can cause toxicity
in the elderly, especially those of methadone (Forman
1996). Creatinine clearance should be monitored to titrate
dosing for adequate analgesia with minimal toxicity.

If treatment with opioids is unsuccessful in decreasing
pain, discontinuation should be carefully monitored to
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minimize physiological withdrawal symptoms. The essen-
tial element for successful opioid detoxification is the grad-
ual tapering of the dose of medication. Opioid withdrawal
is generally not dangerous except with patients at risk from
increased sympathetic tone, such as those with increased
intracranial pressure or unstable angina. However, opioid
withdrawal is very uncomfortable and distressing to pa-
tients. Tapering opioids often results in exacerbation of the
patient’s primary pain symptom (rebound pain). Increases
in pain can occur even if the analgesic effects of opioid ther-
apy had not been appreciable. Although it is generally not
possible to avoid discomfort completely, the goal of detoxi-
fication is to ameliorate withdrawal.

Several nonopioid pharmacological agents are com-
monly used as adjunctive agents to provide patients addi-
tional relief from withdrawal symptoms. Clonidine, an
α2-adrenergic agonist that decreases adrenergic activity, is
the most commonly prescribed (Fishbain et al. 1992a).
Clonidine can help relieve many of the autonomic symp-
toms of opioid withdrawal such as nausea, cramps, sweat-
ing, tachycardia, and hypertension, which result from the
loss of opioid suppression of the locus ceruleus during the
withdrawal syndrome. Other adjunctive agents include
nonsteroidal anti-inflammatory drugs for muscle aches,
bismuth subsalicylate for diarrhea, anticholinergics for ab-
dominal cramps, and antihistamines for insomnia and rest-
lessness.

Antidepressants. In 1960, the first report of imipra-
mine used for trigeminal neuralgia was published (Paoli et
al. 1960). Since then, the antidepressants, particularly the
TCAs, have been commonly prescribed for the treatment
of many chronic pain syndromes, especially neuropathic
pain. Animal models have been established for the study of
nociception and neuropathic pain (Ollat and Cesaro 1995).
Current research suggests that antidepressant effects on
pain are mediated by the blockade of norepinephrine and
serotonin reuptake that increases the levels of these neuro-
transmitters and enhances the activation of descending in-
hibitory neurons (R. B. King 1981; Magni 1987). Other as-
pects of monoaminergic systems have been implicated in
the analgesic action of antidepressants. β-Adrenoceptors
have been demonstrated to mediate the analgesic effects of
desipramine and nortriptyline (Mico et al. 1997).
Imipramine demonstrated differential hypoalgesic effects
depending on the experimental paradigm used to assess
pain (Poulsen et al. 1995). TCAs may reduce hyperalgesia
but not tactile allodynia because different neuronal mecha-
nisms underlie different manifestations of neuropathic
pain (Jett et al. 1997). Generally, amitriptyline or TCAs
with a similar pharmacological profile are considered most

effective, but randomized controlled trials have not dem-
onstrated consistent differences among the TCAs (Bryson
and Wilde 1996).

In a review of 39 placebo-controlled studies, 80%
found antidepressants superior to placebo (Magni 1991).
These findings have been challenged because of poor study
design and protocol criteria (Goodkin et al. 1995). A recent
systematic review of randomized controlled trials and
meta-analysis concluded that TCAs are the only agents
proven to benefit PHN (Volmink et al. 1996). TCAs have
been most effective in relieving neuropathic pain and head-
ache syndromes, with the analgesic activity independent of
effects on mood (Gruber et al. 1996; MacFarlane et al.
1997; Max et al. 1987; McQuay et al. 1996; Vrethem et al.
1997; Wesselmann and Reich 1996). A recent pla-
cebo-controlled, double-blinded, randomized clinical trial
of nortriptyline for patients with chronic low back pain
without depression demonstrated significant reduction in
pain intensity scores (Atkinson et al. 1998).

A variety of treatment studies of PHN and painful dia-
betic peripheral neuropathy have used TCAs with mean
daily doses ranging from 100 to 250 mg (Max 1994;
Onghena and Van Houdenhove 1992). More than 60% of
patients reported improvement usually beginning in the
third week of treatment, with serum levels in the low end of
the therapeutic range for the treatment of depression. The
results of investigations of drug concentrations needed for
pain relief remain contradictory, and no clear guidelines
have been established (Kishore-Kumar et al. 1990; Sindrup
et al. 1989). In a study of TCA utilization, 25% of patients
in a multidisciplinary pain center were prescribed these
medications. However, 73% of patients treated received
only the equivalent of 50 mg or less of amitriptyline
(Richeimer et al. 1997). Although tertiary amines have
been used most commonly, they are metabolized to the sec-
ondary amines possessing fewer side effects such as de-
creased gastrointestinal motility and urinary retention.
Desipramine and nortriptyline had significantly fewer side
effects leading to discontinuation of the TCA than
clomipramine, amitriptyline, and doxepin. Nortriptyline,
the major metabolite of amitriptyline, causes less sedation,
less orthostatic hypotension, and fewer falls than
imipramine and has been demonstrated to be as effective as
amitriptyline in treating chronic pain (Roose et al. 1981;
Watson et al. 1988). The cost of TCAs for pain treatment is
generally much lower (less than $5.00 per month) than
other antidepressants and medications with analgesic ac-
tivity such as β blockers and calcium channel blockers
(Adelman and Von Seggern 1995).

The selective serotonin reuptake inhibitors produce
weak antinociceptive effects in animal models of acute pain
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(Gatch et al. 1998; Paul and Hornby 1995; Schreiber et al.
1996). This antinociception is blocked by serotonin recep-
tor antagonists and enhanced by opioid receptor agonists.
A large number of studies have investigated the role of se-
rotonin receptor subtypes in both nociceptive and
hyperalgesic mechanisms of pain; however, controversy
remains and the relationships between various findings are
complex (Belcheva et al. 1995; Tokunaga et al. 1998). The
serotonin reuptake inhibitors have not been found to be as
effective as the TCAs for many chronic pain conditions.
For example, desipramine was superior to fluoxetine in the
treatment of painful diabetic peripheral neuropathy (Max
et al. 1992).

Inconsistencies still exist because another study of pa-
tients with diabetic neuropathy did find beneficial effects
with paroxetine (Sindrup et al. 1990). Other studies indi-
cate that fluoxetine significantly reduces pain in patients
with rheumatoid arthritis and is comparable to amitrip-
tyline (Rani et al. 1996). Recently, the serotonin reuptake
inhibitors have demonstrated effectiveness in the treat-
ment of headache, especially migraine, and were well toler-
ated by patients (Bank 1994; Foster and Bafaloukos 1994;
Saper et al. 1994). In a study of chronic tension-type head-
ache, amitriptyline significantly reduced the duration of
headache, headache frequency, and the intake of analge-
sics, but citalopram, a serotonin reuptake inhibitor, did not
(Bendtsen et al. 1996). Until the results with serotonin
reuptake inhibitors are more consistent, they are not rec-
ommended as first-choice medications unless a specific
contraindication exists for TCAs (Max et al. 1991).

The role of biogenic amines in the descending inhibi-
tion of pain suggests a potential efficacy for all antidepres-
sants, despite their different pharmacological actions, in
the treatment of chronic pain. Norepinephrine and dopa-
mine reuptake inhibitors such as bupropion can produce
antinociception in studies of thermal nociception (Gatch et
al. 1998). Monoamine oxidase inhibitors have been found
to decrease the frequency and severity of migraine head-
aches (Merikangas and Merikangas 1995). Buspirone has
been found effective in the prophylaxis of chronic ten-
sion-type headache; however, patients used more drugs for
short-term treatment of headache than those patients
treated with amitriptyline (Mitsikostas et al. 1997).
Protriptyline decreased chronic tension-type headache
frequency by 86% in a study of women with this condition
(Cohen 1997). Trazodone was ineffective in decreasing
pain in a double-blind, placebo-controlled study of pa-
tients with chronic low back pain (Goodkin et al. 1990;
Marek et al. 1992). Venlafaxine inhibits the reuptake of
both serotonin and norepinephrine with fewer side effects.
In an animal model of neuropathic pain, venlafaxine re-

versed hyperalgesia as well prevented its development
(Lang et al. 1996). Nefazodone possesses both the actions
of analgesia and potentiation of opioid analgesia in the
mouse hot-plate assay (Pick et al. 1992). Other antidepres-
sants that inhibit serotonin reuptake and block certain se-
rotonin receptor subtypes such as mirtazapine will need to
be studied in the treatment of pain (Galer 1995).

Anticonvulsants. Anticonvulsants are considered
most effective in the treatment of trigeminal neuralgia, dia-
betic neuropathy, and migraine recurrence (McQuay et al.
1995). Many anticonvulsants block the activity of use-
dependent sodium channels. This property stabilizes the
presynaptic neuronal membrane, preventing the release of
excitatory neurotransmitters, and decreases the spontane-
ous firing rate in damaged and regenerating nociceptive fi-
bers. Subsequently, the activation of secondary spinal noci-
ceptive neurons via NMDA receptors is prevented.
Phenytoin was first reported as a successful treatment for
trigeminal neuralgia in 1942 (Bergouignan 1942). Carba-
mazepine is the most widely studied anticonvulsant dem-
onstrating effective treatment of neuropathic pain
(Tanelian and Victory 1995).

However, anticonvulsants have many other pharma-
cological actions that may play a role in analgesia, making
them potential treatments for a variety of chronic pain syn-
dromes. Phenytoin regulates many aspects of nerve func-
tion such as ATPase activity, synaptic transmission, neuro-
transmitter release, and ion conductances, suggesting a
large number of central nervous system effects (Lorenzo
1989). In spinal nerve–ligated rats with cooling and me-
chanical allodynia, carbamazepine has inhibitory effects on
electrical C- and A-fiber neuronal responses (Chapman et
al. 1998). Carbamazepine lowers the concentration of
tryptophan bound to plasma proteins and subsequently el-
evates brain serotonin levels in rats (Pinelli et al. 1997).
Carbamazepine has also been found to inhibit the develop-
ment of different types of inflammation in the rat (Bianchi
et al. 1995). In this model of inflammatory hyperalgesia,
carbamazepine reduced the inflammatory exudate, prosta-
glandin E2 activity, and substance P concentrations. Unfor-
tunately, the use of carbamazepine can be limited by intol-
erable side effects such as sedation, ataxia, and aplastic
anemia. Therapeutic serum levels have not been clearly es-
tablished, with some evidence suggesting that lower levels
may be effective in decreasing pain (Moosa et al. 1993).

Newer classes of anticonvulsants represent novel
pharmacological actions that could potentially produce
analgesia. Valproic acid is most commonly used in the pro-
phylaxis of migraine but is also effective in the treatment of
neuropathic pain (R. Jensen et al. 1994c). In studies of mi-
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graine, valproate was an effective prophylactic treatment in
more than two-thirds of patients, with minimal side effects
such as nausea, dizziness, and tremor (Mathew et al. 1995).
Effectiveness is usually defined as improvement in a com-
bination of variables such as frequency of headache, dura-
tion or headache-days per month, intensity of headache,
use of other medications for acute treatment of headache,
the patient’s opinion of treatment, and ratings of depres-
sion and anxiety (Kaniecki 1997; Klapper 1997; Rothrock
1997).

The mechanism of action of valproate is probably re-
lated to increased GABA levels by the inhibition of GABA
transaminase and enhanced GABA synthesis. Analgesia
may result from the suppression of neuronal activity in the
cortex, perivascular parasympathetic fibers, nociceptive
trigeminal neurons innervating the meninges, or the
trigeminal nucleus caudalis. However, other actions could
include decreasing neurogenic inflammation via GABAA

receptor–mediated mechanisms, altering levels of excit-
atory and inhibitory neurotransmitters, and having direct
stabilizing effects on neuronal membranes (Cutrer et al.
1996, 1997). Valproate is generally well tolerated but re-
quires regular monitoring because of potential hepa-
totoxicity and bone marrow suppression.

Gabapentin has been reported in open trials to reduce
the pain of neuropathic states such as multiple sclerosis,
migraine, PHN, and reflex sympathetic dystrophy
(Houtchens et al. 1997; Wetzel and Connelly 1997). The
mechanism of action of gabapentin may be related to bind-
ing with the α2δ subunit of voltage-dependent calcium
channels (Field et al. 1997). Gabapentin selectively modu-
lated the facilitation of spinal nociceptive processing gen-
erated by persistent small-fiber afferent input that resulted
from tissue injury in an animal model of thermal
hyperalgesia (Jun and Yaksh 1998). In the formalin test,
gabapentin had antinociceptive activity (Shimoyama et al.
1997). Other studies have shown that gabapentin can re-
verse cold and tactile allodynia as well as heat hyperalgesia
(Xiao and Bennett 1995).

Case reports indicate that lamotrigine may be effective
in reducing the pain of phantom limbs, neuroma hypersen-
sitivity, trigeminal neuralgia, causalgia, central poststroke
pain, and PHN (Canavero and Bonicalzi 1996; Harbinson
et al. 1997). Lamotrigine produced significant analgesia, as
measured by the cold pressor test in healthy volunteers
(Webb and Kamali 1998). Analgesia was correlated with se-
rum drug concentrations and comparable to that obtained
with phenytoin and dihydrocodeine. In contrast to
gabapentin, lamotrigine reversed cold, but not tactile,
allodynia (Hunter et al. 1997). The mechanism of action of
lamotrigine may be a result of its ability to decrease

long-term excitatory effects of nociceptive glutaminergic
transmission mediated by NMDA receptors, but it also
blocks use-dependent voltage-gated sodium channels
(Cheung et al. 1992; Leach et al. 1995; Lees and Leach
1993). Topiramate, tiagabine, vigabatrin, and zonisamide
are new anticonvulsants with a spectrum of pharmacologi-
cal actions that include enhancing neuronal inhibition, de-
creasing neuronal excitability, and protecting neurons
from free radical damage (Marson et al. 1997).

Antiarrhythmics. The use-dependent sodium chan-
nel-binding properties of local anesthetics such as
lidocaine and mexiletine have also proven effective in de-
creasing ectopic neural activity. Lidocaine and mexiletine
reduce spontaneous and evoked neuronal activity in exper-
imental neuroma models (Galer et al. 1996). However,
mexiletine has also been shown to have an antinociceptive
effect in the rat tail pinch model that was mediated by the
delta 1-opioid receptor (Kamei et al. 1995). In a rat model
of central sensitization and neuropathic pain, mexiletine
decreased both the hyperalgesia and tactile allodynia (Jett
et al. 1997). Mexiletine is structurally related to lidocaine
and has similar electrophysiological properties, yet can be
administered orally (Campbell 1987). Relief of pain with
an intravenous infusion of lidocaine has been investigated
as a predictive test of successful treatment with mexiletine
(Galer et al. 1996; Zehender et al. 1988).

Current research supports mexiletine as an effective
treatment for neuropathic pain such as painful diabetic
neuropathy, peripheral nerve injury pain, alcoholic neu-
ropathy, and phantom pain (Boulton 1993; Chabal et al.
1992b; Davis 1993; Nishiyama and Sakuta 1995). In one
double-blind crossover study, mexiletine not only de-
creased reports of pain but also the accompanying
paresthesias and dysesthesias (Dejgard et al. 1988). An-
other study found that mexiletine decreased pain and sleep
disturbances associated with painful diabetic neuropathy
(Oskarsson et al. 1997). No significant correlation was
found between plasma concentrations of mexiletine and ei-
ther therapeutic effect or adverse events.

Calcium channel blockers. Several classes of cal-
cium channel blockers are available. Verapamil is the most
commonly prescribed calcium channel blocker for chronic
pain treatment and has proven effective in the treatment of
migraine and cluster headaches (Lewis and Solomon 1996;
Markley 1991). It is still unclear whether the mechanism of
action is primarily related to cerebral artery vasodilation or
interaction with serotonergic systems. In 922 subjects of
the Hypertension Optimal Treatment study, intensive
treatment to lower blood pressure also significantly
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reduced headaches and increased measures of well-being
(Wiklund et al. 1997). In a rat model of peripheral neuropa-
thy, repeated electroconvulsive treatments, which affect
voltage-dependent calcium channels, reduced pain re-
sponses to heat stimulation (Shibata et al. 1998). Another
possible mechanism of pain relief involves cortical L-type
calcium channels as measured by 3H-nitrendipine–binding
sites (Antkiewicz-Michaluk et al. 1991). Chronic use of an-
tidepressants has been shown to increase the density of cor-
tical calcium channels, possibly limiting their analgesic ef-
fect and even contributing to hyperalgesia.

High-threshold, voltage-dependent P- and Q-type
calcium channels are involved in neurotransmitter release.
In animal studies of joint inflammation, the P-type calcium
channels mediate the excitation of spinal cord neurons by
mechanosensory input from inflamed tissue, resulting in
pain generation (Nebe et al. 1997). Other studies of cal-
cium channel subtypes have shown that L-, N-, and P-type
channels are involved in the development of mechanical
hyperalgesia and allodynia (Sluka 1997). On the other
hand, calcium channel blockers have demonstrated
µ opioid receptor agonistic activity in animals and augmen-
tation of opioid analgesia in animals and humans
(Hasegawa and Zacny 1997; Weizman et al. 1997). The
L-type calcium channel blockers such as diltiazem and
verapamil have also been found to potentiate morphine an-
algesia, but the results are inconsistent (Hodoglugil et al.
1996; Taniguchi et al. 1995). However, the neuron-
specific, N-type, voltage-sensitive calcium channel
blocker, ziconotide, possesses potent analgesic, antihyper-
esthesic, and antiallodynic activity (Bowersox et al. 1996;
Brose et al. 1997; Xiao and Bennett 1995). Another action
of calcium channel blockers may result in a reduction of
neural nitric oxide synthase activity, with subsequent de-
creases in nitric oxide concentrations in perivascular
nerves, limiting cerebral vasodilation (Ayajiki et al. 1997).

Benzodiazepines. Benzodiazepines are commonly
prescribed for insomnia and anxiety in patients with
chronic pain (Holister et al. 1981; S. A. King and Strain
1990). No studies demonstrated any benefit for the target
symptoms of insomnia and anxiety frequently reported by
these patients. In an extensive review, only a limited num-
ber of chronic pain conditions such as trigeminal neuralgia,
tension headache, and temporomandibular disorders were
found to improve when treated with benzodiazepines
(Dellemijn and Fields 1994). Clonazepam has been re-
ported to provide long-term relief of the episodic
lancinating variety of phantom limb pain (Bartusch et al.
1996). Benzodiazepines have been used for the detoxifica-
tion of patients with chronic pain from sedative/hypnotic

medications. Benzodiazepines were superior to barbitu-
rates for minimizing symptoms of withdrawal (Sullivan et
al. 1993).

Not only are the benefits of benzodiazepines difficult
to document, but the negative effects are well studied and
extend beyond the usual concerns of abuse, dependence,
withdrawal, and secondary effects on mood. The elderly
are particularly sensitive to the adverse effects of benzo-
diazepines such as sedation (Ganapathy et al. 1997; Max et
al. 1988; Platten et al. 1998; Yosselson-Superstine et al.
1985). Benzodiazepines also cause cognitive impairment,
as demonstrated by abnormalities found by neuropsy-
chological testing and electroencephalography (Hendler
et al. 1980). Benzodiazepines have been associated with ex-
acerbation of pain and interference with opioid analgesia
(France and Kirshman 1988; Sawynok 1985). These effects
appear to be the result of activating supraspinal GABAA re-
ceptors known to antagonize opioid analgesia. Similarly, a
study of the benzodiazepine antagonist, flumazenil, en-
hanced postoperative morphine analgesia in patients who
received preoperative diazepam for sedation (Gear et al.
1997).

Psychological Treatments

Cognitive-behavior models. Psycho log i c a l
treatment for chronic pain was pioneered by Fordyce using
an operant conditioning behavioral model (Fordyce et al.
1973). The behavioral approach is based on an understand-
ing of pain occurring in a social context. The behaviors of
the patient with chronic pain not only reinforce the behav-
iors of others but also are reinforced by others. Pain behav-
iors such as grimacing, guarding, and taking pain medica-
tion have been found to be indicators of perceived pain
severity and functional disability (Chapman et al. 1985;
Fordyce et al. 1984; Keefe et al. 1986; Romano et al. 1988;
Turk and Matyas 1992). In a study of medical practice pat-
terns, only observed pain behaviors were predictive of
whether opioid medications were prescribed to patients
with chronic pain (Turk and Okifuji 1997). Other aspects of
the patient’s presentation to a health care practitioner such
as reports of functional disability, distress, pain severity,
objective physical pathology, duration of pain, and demo-
graphic variables were not predictive. If pain behaviors are
reinforced, the behavioral model assumes that pain and dis-
ability will continue. In treatment, productive behaviors
are targeted for reinforcement, and pain behaviors for ex-
tinction.

Many psychological interventions such as distraction,
relaxation, biofeedback, and hypnosis have been useful in
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the reduction of pain and its associated distress (Turner
1982b; Turner and Chapman 1982). The cogni-
tive-behavior model of chronic pain assumes that individ-
ual perceptions and evaluations of life experiences affect
emotional and behavioral reactions to these experiences.
Pain and the resultant pain behaviors are influenced by bio-
medical, psychological, and socioenvironmental variables
(Keefe et al. 1996). If patients believe pain, depression, and
disability are inevitable and uncontrollable, then they will
experience more negative affective responses, increased
pain, and even more impaired physical and psychosocial
functioning. The components of cognitive-behavior ther-
apy (CBT) such as relaxation, cognitive restructuring, and
coping self-statement training interrupt this cycle of dis-
ability. Patients are taught to become active participants in
the management of their pain through the utilization of
methods that minimize distressing thoughts and feelings.
Specifically, elderly patients benefit from CBT that pre-
sents information in concrete, well-organized, and brief
formats (Manetto and McPherson 1996). Outcome studies
of CBT in patients with a variety of chronic pain syndromes
have demonstrated significant improvements in pain in-
tensity, pain behaviors, distress, depression, and coping
(Keefe et al. 1990a; Turner 1982a; Turner and Romano
1990). Pain reduction and improved physical function have
been found to continue up to 6 months after the comple-
tion of active cognitive-behavior treatment (Keefe et al.
1990b).

Beliefs. The success of CBT in chronic pain treatment
has led to focused attention on many elements of the
chronic pain experience. The relationship between beliefs
about pain and subsequent patient adjustment central to
the cognitive-behavior model has been reviewed (M. P.
Jensen et al. 1991a). Adjustment is defined as the ability to
carry out normal physical and psychosocial activities. The
three dimensions of adjustment have been defined as social
functioning, morale, and somatic health (Lazarus and
Folkman 1984). Examples of these dimensions include
pain intensity, medication use, depression, anxiety, em-
ployment, health care utilization, and functional ability.

Beliefs are conceptualized as the thoughts of an indi-
vidual about their personal pain problem and have been
categorized in several different domains (M. P. Jensen et al.
1987; Morley and Wilkinson 1995). Psychosocial dysfunc-
tion has been correlated with solicitous responses from
family, believing emotions are related to pain, and attribut-
ing the inability to function to pain (M. P. Jensen et al.
1994b). In contrast, although physical disability was also
correlated with beliefs about pain interfering with func-
tion, patients also endorsed the belief that pain signifies in-

jury and, therefore, activity should be avoided.
Other related cognitive variables under study in pa-

tients with chronic pain include self-efficacy, outcome ex-
pectancies, and locus of control (Anderson et al. 1995;
Keefe et al. 1992). A self-efficacy expectancy is a belief
about one’s ability to perform a specific behavior, whereas
an outcome expectancy is a belief about the consequences
of performing a behavior. These variables have been de-
rived from social learning theory (M. P. Jensen et al.
1991b). Individuals are considered more likely to engage in
coping efforts that they believe both are within their capa-
bilities and will result in a positive outcome.

Patients with a variety of chronic pain syndromes who
score higher on measures of self-efficacy or have an inter-
nal locus of control report lower levels of pain, higher pain
thresholds, increased exercise performance, and more pos-
itive coping efforts. However, in one study of patients with
chronic pain being treated with a procedure, expectations
of pain relief were not correlated with actual changes in
pain ratings (Galer et al. 1997). Interestingly, physician ex-
pectations of pain relief were significant predictors of pa-
tient pain relief ratings, supporting the important role of
other persons in an individual’s chronic pain experience.
Similarly, acceptance of pain was found to be associated
with reports of lower pain intensity, less pain-related anxi-
ety and avoidance, less depression, less physical and
psychosocial disability, more daily up time, and better work
status (McCracken 1998).

Coping. Coping has been defined as “a person’s cogni-
tive and behavioral efforts to manage the internal and ex-
ternal demands of the person-environment transaction
that is appraised as taxing or exceeding the person’s re-
sources” (Folkman and Lazarus 1986). The Coping Strat-
egies Questionnaire defines seven specific coping strate-
gies (Rosenstiel and Keefe 1983). A comprehensive review
of the research in this area concluded that the coping strat-
egies concept generally supported the cognitive-behavior
model of chronic pain (M. P. Jensen et al. 1991a). Higher
levels of disability were found in persons who remain pas-
sive or use coping strategies such as catastrophizing; ignor-
ing or reinterpreting pain sensations; diverting attention
from pain; and praying or hoping for relief. In a 6-month
follow-up study of patients completing an inpatient pain
program, improvement was associated with decreases in
the use of passive coping strategies and beliefs about pain
being an illness (M. P. Jensen et al. 1994a).

The effectiveness of particular coping strategies with
improved adjustment to chronic pain is dependent on
many aspects of a patient’s experience with illness. For ex-
ample, reinterpreting pain sensations as not being signs of
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ongoing injury has been typically formulated as useful for
reducing the effects of experimentally induced pain. How-
ever, in a study of amputees with phantom limb pain, this
coping strategy was not associated with reduced pain levels
but instead with greater psychosocial dysfunction (Hill et
al. 1995). Attempting to reinterpret pain sensations may
not be an appropriate technique for individuals with persis-
tent pain because it requires greater amounts of time spent
focusing on pain and disability. This may prevent patients
from engaging in social activities. Catastrophic thinking
about pain has been attributed to the amplification of
threatening information and interference with the
attentional focus needed to facilitate patients remaining in-
volved with productive instead of pain-related activities
(Crombez et al. 1998).

Some evidence indicates that older patients with
chronic pain utilize different patterns of coping strategies.
Older patients were more likely to use passive strategies
such as praying and hoping for relief from pain, less likely
to ignore pain, and benefited most from coping
self-statements that emphasize an ability to actively man-
age pain (Corran et al. 1994). In contrast, younger patients
were more likely to get benefit from ignoring pain.
Training older adults to use adaptive coping strategies re-
sulted in lower levels of both pain and psychological dis-
ability (Keefe et al. 1987, 1990b). These results were
achieved when patients perceived an increase in the
effectiveness of their new skills and reduced their use of
maladaptive coping strategies such as catastrophic
thinking.

Patient classifications. Controversy over the type
of psychological treatment most effective in the treatment
of chronic pain still persists, as exemplified by a recent
study finding no differences between the treatment effects
of cognitive and behavior therapies in patients mildly dis-
abled by chronic low back pain (Turner and Jensen 1993).
As a result, attempts to define more homogeneous sub-
groups of patients with chronic pain have led to several em-
pirical classifications based on factor analyses of the re-
sponses on a variety of instruments (Deardorff et al. 1993;
Sanders and Brena 1993; Williams et al. 1995). In a cluster
analysis of patients with chronic pain, a subgroup was de-
fined in the elderly that combined high levels of depression
and impact of pain on daily living despite low levels of pain
intensity (Corran et al. 1997).

Three groups have been described based on a cluster
analysis of responses on the Multidimensional Pain Inven-
tory (Kerns et al. 1985; Turk and Rudy 1990). The “dys-
functional” group scored higher on pain severity, life inter-
ference as a result of pain, and psychological distress. This

group also scored lower on perceptions of control and per-
formance of daily activities. The “interpersonally dis-
tressed” group was characterized by the perception of poor
support from others. The “adaptive copers” described
lower ratings of pain severity, pain interference, affective
distress, physical disability, and perceptions of being out of
control. Differential patterns of improvement across sub-
groups in patients with temporomandibular disorders re-
ceiving an interocclusal appliance and biofeedback/stress
management treatment protocol have been demonstrated
(Rudy et al. 1995). The “dysfunctional” group showed the
best response to multidisciplinary treatment, with greater
improvements in pain intensity, interference, catastroph-
izing, depression, and negative thoughts when compared
with the other groups.

Another classification of patients with chronic low
back pain has been described based on responses to the
McGill Pain Questionnaire (Melzack 1975), the Sickness
Impact Profile (Bergner et al. 1976a, 1976b; Gilson et al.
1975; Pollard et al. 1976), and the Beck Depression Inven-
tory (Beck 1978; Klapow et al. 1995). Again three groups
were identified based on levels of pain, impairment, and de-
pression. The group with higher levels of pain, impair-
ment, and depression reported greater life adversity, more
reliance on passive coping strategies, and less satisfaction
with social support networks. The patients reporting lower
levels in these domains were characterized by the opposite
findings. The group with higher levels of pain but lower
levels of impairment and depression reported less life ad-
versity and more satisfactory social support, but continued
reliance on passive coping strategies.

Multidisciplinary Treatment

Methodology. Patients with chronic pain suffer dra-
matic reductions in physical, psychological, and social
well-being, with health-related quality of life rated lower
than that for those with almost all other medical conditions
(Becker et al. 1997; Skevington 1998). A study of sequential
trials of different treatment modalities found that the suc-
cess of nerve blocks was diminished when used later in the
treatment sequence. These results suggest that early fail-
ures of a single modality treatment for chronic pain can
have devastating consequences for future treatment at-
tempts (Davies et al. 1997). In another study of more than
1,200 treated patients and 1,700 follow-up patients with
low back or neuropathic pain, wide variations in medical
practice changed significantly after feedback was given to
the practitioners. This information simply informed prac-
titioners about treatment modalities being used in the
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clinic and other options that were available for treatment
(Davies et al. 1996). The multidisciplinary pain center of-
fers the setting to provide the full range of treatments for
the most difficult pain syndromes, including those of the
elderly (Gibson et al. 1996; Helme et al. 1996).

A distinction between multidisciplinary and interdisci-
plinary pain centers has been described (Turk and Stieg
1987). A multidisciplinary approach is a serial evaluation by
multiple specialists. Usually, this process leads to diagnoses
by exclusion and implies a hierarchy of diagnostic impor-
tance. Neuropsychiatry is often the last specialty to evalu-
ate the patient, reinforcing the belief that pain is truly mys-
terious and “just a figment of your imagination.” Even
attempts at simultaneous evaluation by multiple specialists
including a neuropsychiatrist or psychologist can be mis-
construed as trying to determine if symptoms are “real.”

Interdisciplinary approaches are characterized by
combining areas of expertise to form a shared view of
chronic pain. The individual team members, although rep-
resentatives of different fields of study, recognize that all
symptoms can have a variety of causes. These etiologies are
organized by specialty for clarity, but the classification
structure does not invalidate certain diagnoses, such as psy-
chiatric disorders, as a cause for the patient’s symptoms.
This approach emphasizes that all diagnoses are real and
can be made by any number of specialists if properly
trained. When a specific diagnosis cannot be made, an eti-
ology for the patient’s symptoms has simply not yet been
discovered. As a result, the patient can remain in treatment
to receive symptomatic interventions and the coordination
of future evaluations. The patient is no longer stigmatized
as having a “false” condition but instead recognized as hav-
ing a legitimate problem with understandable distress.

Effectiveness. Substantial evidence indicates that
multidisciplinary pain programs improve patient function-
ing in a number of areas (Cutler et al. 1994; Fishbain et al.
1993; Flavell et al. 1996). In one of the most comprehensive
reviews to date, a meta-analysis of 65 studies evaluated the
efficacy of treatments in patients who attended
multidisciplinary pain clinics (Flor et al. 1992). Although
significant limitations were found, the study concluded
that multidisciplinary pain clinics are efficacious. Combi-
nation treatments were superior to unimodal treatments or
no treatment, treatment effects were maintained over a pe-
riod of up to 7 years, and improvements were found not
only on subjective but also on objective measures of effec-
tiveness such as return to work and decreased health care
utilization.

The elderly with chronic pain are often considered
more likely to fail treatment because they have more

chronic medical conditions, take twice as many medica-
tions, and have four times the rate of health care utilization
when compared with that of younger patients with chronic
pain. It is argued that younger patients with more years of
potential productivity should have preferential access to
scarce medical resources. However, multidisciplinary out-
come studies of elderly patients with chronic pain demon-
strate a variety of benefits from treatment (Gibson et al.
1996; Middaugh et al. 1988). Types of improvement in-
clude increased activity, decreased magnitude of pain, re-
ductions in the use of medical services, improvement in de-
pression and anxiety, and decreased use of medications. In
general, the elderly experience a level of improvement that
is the same or even greater than that of younger patients.
Therapeutic nihilism is not justified and should never be
the treatment of choice for any patient suffering from
chronic pain.

Ultimately, the goal of treating patients with chronic
pain is to end disability and return people to work or other
productive activities. In the longest follow-up study of an
inpatient pain management program, patients with
chronic pain did not demonstrate an increased risk of mor-
tality 13 years after treatment (Maruta et al. 1998). Only
half of the patients were unemployed compared with al-
most 90% of the patients at the time of their admission for
treatment. In a 30-month follow-up study of patients with
chronic pain receiving multidisciplinary treatment, em-
ployment status was predicted by the patient’s voiced “in-
tent” to return to work as well as the perception of a job’s
dangerousness and the patient’s education level (Fishbain
et al. 1997). Patients not intending to return to work were
more likely to complain of their job’s excessive physical de-
mands and reported more job dissatisfaction and feelings of
disability (Fishbain et al. 1995; Hildebrandt et al. 1997).

Summary

Chronic pain is a significant public health problem and
frustrating to everyone affected by it, especially the elderly
who believe that health care has failed them but who wish to
remain in their own homes, live independently, and avoid
becoming a burden to others (Anikeeff and Mueller 1998;
Bendelow and Williams 1996). Neuropsychiatrists as med-
ical specialists should take an active role in the care of these
patients. Neuropsychiatrists offer skills with pharmaco-
logical and psychological treatments now recognized as ef-
fective in the management of chronic pain. Recent ad-
vances in the treatment of chronic pain include the
diagnosis and treatment of psychiatric comorbidity, the ap-
plication of neuropsychiatric treatments to chronic pain,
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and the development of interdisciplinary efforts to provide
comprehensive health care to the patient suffering with
chronic pain. Specifically, the neuropsychiatrist provides
the expertise of examining mental life and behavior as well
as understanding the individual person and the systems in
which he or she interacts. And finally, neuropsychiatrists
can facilitate the integration of the delivery of medical
care with other health care professionals and medical
specialists.
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Delirium

Larry E. Tune, M.D.

Delirium is a serious and often unde-
tected neuropsychiatric syndrome. De-

lirium is particularly common in elderly patients in hospi-
tals, where as many as 32%–67% of all cases of delirium
are undetected (Beresin 1988; Inouye et al. 1990). Failure
to identify delirium can have serious consequences. De-
lirium is associated with increased morbidity and mortal-
ity. In-hospital mortality rates for elderly patients with
delirium are 10%–65% (Gottlieb et al. 1991; Levkoff et
al. 1986). Outcome studies of patients with delirium at
1 month and at 1 year postdischarge from hospital also
show increased mortality rates (Rabins and Folstein
1982). A few studies have matched elderly patients both
with and without delirium by severity of concomitant
medical illnesses. Under this condition, delirium may be a
risk for significantly increased morbidity and mortality
independent of medical status (Flacker and Lipsitz 1998).

The financial impact of delirium is enormous. Approx-
imately 35% of all Americans over the age of 65 were hospi-
talized in 1993 (accounting for 40% of all inpatient days).
By using a 20% prevalence estimate for delirium in the el-
derly, it is estimated that 7% of all persons over the age of
65 become delirious annually. Delirium will complicate the
hospital stay for over 2.2 million patients (for 17.5 million
inpatient days). Based on these estimates, the cost of delir-
ium exceeds $8 billion annually (Inouye 1998). Delirium in

the hospital is associated with increased morbidity, closer
nursing surveillance, higher hospital costs per day, longer
hospitalizations, and increased rates of nursing home
placements (Inouye and Charpentier 1996; Thomas et al.
1986). Delirium in the nursing home is associated with sig-
nificantly increased morbidity and mortality and with in-
creased requirement for nursing time (Fries et al. 1993).

Because delirium is often treatable, early detection and
aggressive medical treatment, including management of
associated neuropsychiatric symptoms, should result in
substantial reduction in morbidity and mortality.

Diagnostic Terminology

Detection of delirium has been hampered by the absence of
reliable and valid diagnostic criteria, a dearth of rating in-
struments, and a wide array of terms applied to the condi-
tion. Table 19–1 lists a number of “diagnoses” that have
been used synonymously with delirium. Most of these
terms (with the exception of metabolic encephalopathy)
have little or no explicit diagnostic criteria. When this wide
array of terms is applied to patients in the same clinical set-
ting, the magnitude of the unitary underlying problem is
often unappreciated.

The later versions of the DSM (American Psychiatric
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Association 1952) have provided more rigorous diagnostic
criteria. DSM-IV criteria (Table 19–2) represent the most
current criteria to date (American Psychiatric Association
1994).

Clinical Features

The essential clinical features of delirium are 1) relatively
acute onset with fluctuating course, 2) disorganized think-
ing, 3) alteration in level of consciousness, and 4) inatten-
tion. Other symptoms are associated with delirium; for ex-
ample, inappropriate behavior, disorientation, and
psychosis (e.g., hallucinations, paranoid ideation) are com-
mon in cases of delirium (Gottlieb et al. 1991). However,
these symptoms are not absolute requirements for the di-
agnosis.

Onset. The disturbance of consciousness usually
evolves over hours to days and often fluctuates through the
day. It is this disturbance of consciousness that distin-
guishes delirium from most cases of dementia and affective
disturbance.

Although the onset of delirium is usually acute, it can
present subacutely. Psychopathology tends to fluctuate
through the day in most cases, although reliance on this
clinical feature will likely lead to underdetection. It is com-
mon for a subsyndromal prodrome phase, lasting many
days to (occasionally) weeks, to precede the onset of the full
syndrome of delirium. During this prodrome, the most
common symptoms are restlessness, sleep disturbance (in-
somnia and daytime sleeping), behavioral problems in-
cluding anxiety and irritability, and subjective difficulty
thinking (Inouye and Charpentier 1996).

Disturbance in attention and concentration.
Many aspects of cognitive functioning are impaired in de-
lirium, including orientation, memory, and information
acquisition, processing, and retrieval. Specific impair-
ments include diminished awareness of the environment,
disorientation to time and place, and diminished capacity

to focus or sustain attention (e.g., in response to questions
asked at the bedside). Part of a routine clinical examination
of any patient suspected of having delirium should include
questions about orientation to time and place, ability to re-
call several items after a few minutes, and ability to focus at-
tention on a particular task (e.g., subtracting serial 7s or
spelling “world” backwards). These types of questions are
incorporated into a number of short screening instruments
(Mini-Mental State Examination [Folstein et al. 1975], the
Short Portable Mental Status Questionnaire [Pfeiffer
1975]).

Thinking is usually disorganized and often incoher-
ent. The content of the patient’s language may be either
rich in imagery or impoverished. The ability to think in a
logical, goal-directed manner is usually compromised.
This disturbance will often include rambling, unpredict-
able switching from topic to topic, or responses that are ir-
relevant to questions asked of the patient.

Detection of disturbances in consciousness is often
difficult, partly because the concept of “disturbance of con-
sciousness” is inherently vague. This disturbance is none-
theless a critical feature of the syndrome. Disturbance of
consciousness refers to impairments in attention and the
ability to be aware of and sustain attention to the environ-
ment. The patient may sit in bed with his or her eyes open.
Through the course of a routine clinical examination, it is
clear that the patient’s ability to mobilize and sustain atten-
tion for a reasonable period of time is seriously impaired.
Her or his overall level of alertness is usually impaired (i.e.,
the patient is either hypervigilant or hypovigilant).

This disturbance in consciousness tends to fluctuate
through the day. Patients will often “sundown” (much like
that seen in patients with dementia), with their symptoms,
including hallucinations and delusions, worsening at night.
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TABLE 19–1. Alternative diagnostic labels for
delirium

Acute brain syndrome
Acute confusional state
Acute toxic psychosis
Metabolic encephalopathy
Subacute befuddlement
Toxic brain syndrome
Toxic encephalopathy

TABLE 19–2. DSM-IV criteria for delirium

A. Disturbance of consciousness (i.e., reduced clarity of
awareness of the environment) with reduced ability to
focus, sustain, or shift attention.

B. A change in cognition (such as memory deficit,
disorientation, language disturbance) or the development
of a perceptual disturbance that is not better accounted
for by a preexisting, established, or evolving dementia.

C. The disturbance develops over a short period of time
(usually hours to days) and tends to fluctuate during the
course of the day.

D. There is evidence from the history, physical examination,
or laboratory findings that the disturbance is caused by
the direct physiological consequences of a general
medical condition.



The patient may have a “lucid interval,” during which he or
she becomes more aware of his or her situation. The expla-
nation for these fluctuations is poorly understood. They
have been attributed to fluctuations in disease state or to
environmental or psychosocial factors (e.g., greater stimu-
lation during the day, more environmental cues).

The practical result of these impairments is that the
patient usually cannot 1) learn new information, 2) solve
problems, or 3) engage in meaningful goal-directed behav-
ior. It is for these reasons that even the patient who is mildly
delirious is usually disabled.

Phenomenology. Delusions and hallucinations oc-
cur in as many as 90% of patients with delirium. The most
typical delusion is of persecution, but all types of delusions
can be found. The delusions are often poorly articulated,
are often related in some way to environmental stimuli, and
tend to fluctuate through the day. At some point in the
course of the syndrome, 40%–90% of patients have hallu-
cinations, which are usually visual and less commonly audi-
tory. The hallucinations may be dramatic and vivid, often
threatening in nature. The patient, who is usually unable to
appreciate that these hallucinations are unreal, often re-
sponds with fear and agitation. Hallucinations tend to fluc-
tuate through the day, though many patients hallucinate
only at night.

Clinical Subtypes

Attempts to distinguish subtypes of delirium according to
etiology (e.g., infection, drug toxicity) have failed
(Lipowski 1987; Wolf and Curran 1935). Generally, the
two clinical subtypes of delirium are the hypervigilant and
the somnolent. Hypervigilant delirium is more commonly
found in drug or alcohol intoxication or withdrawal. It is
also seen in delirium resulting from other causes. The typi-
cal hypervigilant patient is agitated, psychotic, and often
uncooperative with medical therapy; the typical somnolent
patient is lethargic or sluggish. A large number of etiolo-
gies have been associated with somnolent delirium, and it is
this type of delirium that is most frequently undiagnosed.

Neurobiology of
Arousal and Consciousness

The central features of delirium are alterations in arousal
and attention and disorders of cognition. The normal
physiology of arousal and attention is only partially under-

stood, but pathway tracing techniques and chemical ana-
tomical techniques have identified ascending systems
likely to be involved in maintenance of normal arousal and
attention (see Ross 1991; Saper 1986; Shute and Lewis
1974).

The classic picture of a central arousal system involves
the reticular activating system diffusely distributed in the
brainstem and projecting multisynaptically to the thalamic
intralaminar nuclei (Chedru and Geschwind 1972;
Lindsley et al. 1950; Moruzzi and Magoun 1949). Studies
using modern anatomical techniques (for a review, see
Saper 1986) have shown that the so-called nonspecific
afferents to the superficial cortex, which are believed to be
involved in maintenance of cortical arousal, do not arise ex-
clusively from the thalamus. Critical sources of nonspecific
cortical afferents may be extrathalamic regions such as
basal forebrain, hypothalamus, and caudal brainstem.
These extrathalamic cortical afferent systems contain sev-
eral neurotransmitters (discussed below) that may relate to
the pathophysiology of delirium.

Anatomical studies (see Saper 1986) suggest a differing
organization of cortical nonspecific afferents within the
thalamus. The diffuse innervation of superficial cortex may
arise less from the intralaminar nuclei and more from the
ventromedial thalamic nucleus, as well as the ventro-
anterolateral nucleus, the lateral dorsal nucleus, and the
posterior and lateral posterior nuclei (Herkenham 1980).
Physiological studies of the role of the thalamus in sleep
and arousal have yielded contradictory results. Ranson
(1939) found little effect of large lesions of the thalamus on
sleep and arousal from sleep in the monkey. However, a he-
reditary condition involving the selective degeneration of
certain thalamic nuclei is associated with abnormalities of
sleep and consciousness (Lugaresi et al. 1986), supporting
other clinical observations. Little is known of the
neurotransmitters involved in these thalamic projections.

Basal Forebrain Cholinergic Projections

Cholinergic neurons in the basal forebrain provide wide-
spread topographically organized innervation of layers 1,
3, 5, and 6 of the cerebral cortex (Saper 1984, 1986). Appli-
cation of acetylcholine within the cortex causes predomi-
nantly excitatory responses. These cholinergic projections
may be involved in the generation of cortical and
hippocampal electroencephalogram (EEG) rhythms.
Basal forebrain cholinergic neurons degenerate in Alzhei-
mer’s disease (see Chapter 24 in this volume). Drugs with
anticholinergic properties are important contributors to
the problem of delirium in some hospitalized patients. It
may be that disruption of the function of the basal forebrain
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cholinergic cortical afferents explains some of the features
of anticholinergic delirium. This hypothesis would be con-
sistent with the fact that patients with Alzheimer’s disease,
in whom these neurons are already compromised, are un-
usually sensitive to anticholinergics. Under most circum-
stances, patients with Alzheimer’s disease do not have
changes in consciousness, despite their loss of basal
forebrain cholinergic neurons, suggesting that abnormali-
ties of other cholinergic neurons (e.g., cholinergic neurons
in the brainstem) may be more important in delirium.

Hypothalamic-Cortical Projections

Classic physiological experiments suggested an important
role for the hypothalamus in the regulation of sleep and
arousal (Nauta 1946). More recent experiments, such as
those using injections of excitatory amino acid toxins
(Jouvet 1988), have suggested a particular role for the post-
erolateral hypothalamus in regulation of sleep and waking.
Although traditional views of the reticular formation as-
sume that the hypothalamus projects through the thalamus
to reach the cortex, modern pathway tracing techniques
have demonstrated direct hypothalamic projections to the
cerebral cortex (Kievet and Kuypers 1975; Saper 1985).
The areas that project directly to the cortex are the fields of
Forel, the posterior lateral hypothalamic area, and the
tuberal lateral and tuberal mammary hypothalamic areas.
The hypothalamus contains more neurons innervating the
cerebral cortex than does the basal forebrain. Most sugges-
tive for the pathophysiology of delirium are neurons in this
region of hypothalamus containing γ-aminobutyric acid
(GABA) and histamine.

Double-label retrograde transport immunocyto-
chemical techniques have identified GABA-synthesizing
neurons residing in the posterior hypothalamus and pro-
jecting to the cerebral cortex (Vincent et al. 1983). These
systems may be involved in the pathophysiology of hepatic
encephalopathy. Alterations of GABA or benzodiazepine-
like systems in animal models with hepatic encephalopathy
are suggested by reports of altered benzodiazepine recep-
tor binding (Baraldi et al. 1984; Basile et al. 1991). Benzo-
diazepine antagonists can ameliorate hepatic encephalo-
pathy in animal models and in patients (Bansky et al. 1985;
Baraldi et al. 1984; Bassett et al. 1987). Clinical studies in
humans have suggested that benzodiazepine antagonists
may be helpful in treating hepatic encephalopathy.

Histamine-synthesizing hypothalamic neurons 1) are
present in the posterior hypothalamus, 2) are concentrated
in the magnocellular nuclei and the tuberal regions (Wada
et al. 1991), and 3) project diffusely to the cerebral cortex.
Jouvet (1988) suggested that histaminergic neurons in the

hypothalamus have a function in arousal. These neurons
may be involved in the delirium caused by anticholinergic
drugs because many drugs with anticholinergic properties
are also antihistaminergics.

Brainstem Neuronal Groups

In addition to projections from the hypothalamus and basal
forebrain, well-known monoaminergic nuclei in the pons
and midbrain project diffusely to the cerebral cortex.
These nuclei include midbrain dopaminergic groups in the
midbrain ventral tegmentum, cholinergic neurons in the
rostral pons, noradrenergic neurons in the locus ceruleus,
and serotonergic neurons in the raphe complex. Dopa-
minergic systems appear to have no clearly identified role
in the pathophysiology of delirium. Neurons in the locus
ceruleus have been implicated in the control of attention
and arousal (Foote et al. 1980). Serotonergic neurons have
been linked to the visual hallucinations after ingestion of
lysergic acid diethylamide (LSD)–like hallucinogenic
drugs (Glennon et al. 1984). Hallucinogens induce an
oneiroid state resembling delirium. Unlike the characteris-
tic auditory hallucinations of schizophrenia or bipolar dis-
order, the hallucinations induced by hallucinogens and
seen in delirium tend to be visual.

Pathophysiology of Delirium

Delirium has been investigated with animal models (Gib-
son et al. 1991; Posner and Plum 1960), human EEG stud-
ies (Romano and Engel 1944), and functional brain imag-
ing studies (Gjedde et al. 1978). Several animal models of
encephalopathy have identified a disturbance of cortical
glucose metabolism. These models support an early patho-
physiological hypothesis that cerebral metabolic insuffi-
ciency is the underlying mechanism or final common path-
way in delirium. This mechanism is generally thought of as
a threshold-related phenomenon: the cumulative effects of
multiple cerebral insults lead to “depletion of cortical re-
serves” and then to an insufficiency in global metabolism. A
few brain imaging studies of cerebral blood flow (in pa-
tients with delirium tremens and with traumatic brain in-
jury) have also shown impairments in cerebral glucose me-
tabolism.

EEG data support involvement of white matter gener-
ally and of thalamocortical projections particularly. The
commonest EEG abnormality in somnolent delirium is
diffuse, nonparoxysmal delta-wave slowing. This finding
has been taken to suggest that the cortex is deafferentiated.
In some cases of delirium, the posterior dominant rhythm
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is slowed, possibly implicating thalamocortical projec-
tions. Patients with hypervigilant delirium associated with
alcohol withdrawal often have EEGs with low-voltage fast
activity. This finding represents a global disturbance that
may reflect a hyperactivity of catecholaminergic neuro-
transmission.

Of the possible neurotransmitters, disturbances in
cholinergic transmission are the most consistently impli-
cated in preclinical and clinical investigations. One animal
model found dose-dependent effects of the cholinergic an-
tagonist atropine (Trzepacz et al. 1992). The behavioral re-
sults resemble the EEG and cognitive-behavior changes
found in patients with delirium. In autoradiographic stud-
ies of the effects of atropine, dose-dependent reductions in
glucose metabolism were found in cortex (Gibson et al.
1991). In drug-induced delirium in the elderly, where anti-
cholinergic medications are additive with age-related de-
creases in cholinergic neurotransmission, the relationship
is stronger (see Chapter 4 in this volume). Anticholinergic
medications have been shown to impair memory, especially
in the elderly (Miller et al. 1988).

Several investigations have found correlations be-
tween elevated anticholinergic levels, as measured by se-
rum radioreceptor assay, and the presence of delirium in el-
derly patients. Mach et al. (1995) found that delirious
inpatients have 1) higher serum anticholinergic levels,
2) greater impairments in activities of daily living that cor-
related with anticholinergic levels, and 3) lower serum
anticholinergic levels as the delirium resolved. In a sepa-
rate study, Flacker et al. (1998) found that elevated serum
anticholinergic levels were independently associated with
delirium. Self-care capacity in the nursing home is nega-
tively associated with elevated serum anticholinergic levels
(Rover et al. 1988). Tollefson et al. (1991) conducted a
blinded intervention study of nursing home patients who
received more than one anticholinergic medication for
more than 2 weeks. Patients were randomly assigned to an
intervention (where an attempt was made to reduce
anticholinergics by 25%) or nonintervention group. At the
conclusion of the study, baseline and end-of-study
anticholinergic levels were compared. Patients in the inter-
vention group showed significant improvements in mea-
sures of delirium and cognition.

Epidemiology of Delirium

Epidemiological research has been difficult because of dif-
ferences in study populations and the absence of clear,
operationalized criteria for delirium. DSM-IV has pro-
vided suitable criteria so that cross-study comparisons are

more likely to yield meaningful results. Other method-
ological issues include 1) absence of reliable and valid re-
search instruments, 2) differences in case-finding methods,
and 3) comorbidity, especially with dementing illnesses.
For these reasons, it is not surprising that prevalence esti-
mates for medical inpatient units vary from 10% to 30%
and incidence estimates range from 4% to 53%. Levkoff et
al. (1992) reviewed five previously published studies and
applied DSM-III diagnostic criteria. Using these criteria,
instead of widely fluctuating incidence and prevalence esti-
mates, the prevalence of delirium was 11%–16%, with an
incidence of 4%–10% for five separate groups of medical
inpatients. The Commonwealth-Harvard Study (Levkoff
et al. 1992) assessed all patients over the age of 65 who were
admitted over a 1-year period to the Beth Israel Hospital.
Patients came either from a long-term rehabilitation cen-
ter for the elderly or from a local community catchment
area (East Boston). Of the 211 community-based elderly
patients who were admitted, 24% satisfied criteria for de-
lirium. Of the 114 patients admitted from the long-term care
facility, 65% were delirious on admission. Data from the Epi-
demiological Catchment Area survey of East Baltimore
found that 0.4%–1.1% of the community-based population
over the age of 55 were delirious (Folstein et al. 1991).

Etiology and Risk Factors

The commonest identifiable “etiologies” include 1) intoxi-
cation syndromes, including drug toxicity resulting from
polypharmacy, benzodiazepines, anticholinergics, or alco-
hol; 2) cerebrovascular diseases; 3) systemic metabolic dis-
orders with known effects on brain function, for example,
tumors, heart failure, and infections, especially urinary
tract infections and pneumonia; and 4) withdrawal from
addicting substances. Table 19–3 provides an expanded list
of the commonest causes of delirium. The major risk fac-
tors for delirium include age (Schor et al. 1992; Michocki
and Lamy 1988), prior brain damage (Berggren et al. 1987;
Erkinjuntii et al. 1986; Francis et al. 1990; Schor et al.
1992), drug intoxication (Berggren et al. 1987; Michocki
and Lamy 1988), and dementia (Erkinjuntii et al. 1986).

Among hospitalized elderly, several immediate risk
factors have been identified and included into predictive
models for delirium. Francis et al. (1990) found that the risk
of delirium in the elderly was 60% when three or more of
the following risk factors were present: hypothermia, se-
verity of illness, dementia, fever, azotemia, and psychoac-
tive drug use. In a separate investigation, the risk of delir-
ium among elderly patients admitted to a medical or
surgical ward was greatest among those patients who 1) had
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prior cognitive impairment, 2) were older than 80 years,
3) had a fracture on admission, 4) had symptomatic infec-
tion, 5) were male, and 6) received either antipsychotic or
narcotic analgesic medication (Schor et al. 1992).

Inouye et al. (1996, 1998) incorporated five independ-
ent risk factors into a predictive model for delirium. These
risk factors were 1) use of physical restraints, 2) malnutri-
tion, 3) more than three medications added while in the
hospital, 4) use of bladder catheter, and 5) any iatrogenic
event. In one cohort of 196 inpatients, the delirium rate was
3% in patients who had none of these risks in the 24-hour
period before admission, 20% in patients with one to two
risk factors, and 59% in patients with three or more risk
factors. For this latter category, the delirium rate per 100
person-days was 21.3%. Table 19–4 provides a list of risk
factors for delirium.

Age and Delirium

One of the most consistently identified risk factors for de-
lirium is age. Potential explanations for this relation in-

clude structural brain disease, reduced capacity for homeo-
stasis, impairments in vision and hearing, high prevalence
of chronic diseases, reduced resistance to acute disease,
age-related changes in pharmacokinetics, and pharmaco-
dynamics of drug disposition. Common psychosocial
precipitants of delirium in the elderly include sleep loss,
sensory deprivation, sensory overload, and severe
psychosocial stress (e.g., death of spouse, relocation).

Dementia and Delirium

One important risk factor for delirium is preexisting cogni-
tive impairment or dementia (Erkinjuntii et al. 1986;
Inouye 1998). In a study of patients with delirium admitted
to a general medical service, dementia was present in 9.1%
of all patients over the age of 55 and in 31% of all patients
over the age of 85. Of the patients with dementia, 41% were
delirious on admission. Of the delirious patients, 25% were
found, on subsequent examination, to have some evidence
of prior cognitive impairment. Patients with delirium have
more evidence of preexisting cerebrovascular disease (e.g.,
lacunar infarcts, periventricular white matter disease) on
brain imaging than do control subjects.

The relationship between delirium and dementia is
less clear, when considering the transition from delirium to
dementia. Recovery from delirium in elderly patients with
dementia is much less common than that in patients with
delirium without dementia. Levkoff et al. (1996) found that
only 17.7% of patients with both dementia and delirium
had complete resolution of symptoms of delirium at
6-month follow-up.

Drug Toxicity:
Focus on Anticholinergic Effects

Drugs are a common cause of delirium. Possible reasons
for this relation include 1) age-related changes in drug me-
tabolism and disposition (see Chapters 33 and 34 in this
volume), 2) polypharmacy, 3) lack of knowledge regarding
drug-drug interactions of multiple medications, 4) medi-
cation errors arising from complex regimens that patients
who are cognitively impaired are unable to follow, and
5) age-related decreases in neurotransmitter production
and turnover. Drug toxicity is one of the commonest causes
of delirium in the hospitalized elderly and one of the com-
monest “treatable dementias” (Larsen et al. 1985; Report
of Royal College of Physicians 1984).

The cumulative effect of anticholinergic medications
is one likely mechanism of drug-induced delirium in the el-
derly. Cholinergic neurotransmission declines with age.
Many neurodegenerative diseases of brain, especially de-
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TABLE 19–3. Common causes of delirium in the
elderly

Metabolic or endocrine
Electrolyte abnormality (especially Na+, K+, Ca++, and

Mg++)
Hyperglycemia or hypoglycemia
Hypoxia or hypercarbia
Liver or kidney failure
Thyroid disorder
Fever

Infection
Sepsis
Pneumonia
Urinary tract infection or upper respiratory infection in

elderly patients
Drug toxicity

Anticholinergics
Anticholinergic psychoactive medications

(e.g., neuroleptics and tricyclic antidepressants)
Lithium
Electroconvulsive therapy
Steroids

Drug or alcohol withdrawal
Central nervous system lesion

Postictal states
Raised intracranial pressure
Head trauma
Encephalitis or meningitis
Vasculitis

Multifactorial



mentia (most notably Alzheimer’s disease), have a central
cholinergic lesion that further diminishes cholinergic
neurotransmission (see Chapter 24 in this volume). These
cholinergic impairments are then compounded by medica-
tions. More than 600 medications have known anti-
cholinergic effects, and these medications are dispropor-
tionately administered to elderly patients (Blazer et al.
1983; Report of Royal College of Physicians 1984;
Tollefson 1991). Many commonly prescribed medications
have modest anticholinergic effects. In one study, 11.60%
of patients with suspected dementia had drug-related cog-
nitive impairments. The risk of drug-induced cognitive
toxicity was greatly increased in those patients receiving
four to five prescription medications. This study did not in-

clude nonprescription medications (Lamy 1986).
Many commonly prescribed medications not typically

associated with anticholinergic effects have modest
antimuscarinic effects when measured by radioreceptor as-
say. Table 19–5 shows that 14 of the 25 medications most
frequently prescribed for the elderly (Tune et al. 1992) have
modest anticholinergic effects. Although many of these
medications cannot be avoided, and by themselves usually
do not pose a significant challenge to the cholinergic sys-
tem, physicians must be aware of the potential cumulative
effects of these medications. This problem may well be
compounded when known potent anticholinergic
psychotropic medications (e.g., amitriptyline, clomipra-
mine, imipramine, and doxepin) are added.
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TABLE 19–4. Risk factors for delirium

Study Patient sample Age range Source
Percent
delirious Risk factors

Schor et al. 1992 291 patients not
delirious on first
evaluation

> 65 Medical and
surgical
wards

Incidence in
hospital =
31.3%

Prior cognitive impairment
Age > 80
Fracture on admission
Symptomatic infection
Male gender
Neuroleptic or narcotic use

Michocki and
Lamy 1988

46 orthopedic
patients

Mean
age = 67.5

Orthopedic
inpatient unit

26% Primary aging factors: slower thought
and metabolic factors

Secondary aging factors: hypoxia,
ischemia, sepsis, uremia, fluid
electrolyte imbalance, and anemia

Tertiary aging factors: psychosocial
stress

Drug factors: alcohol, antidepressants,
sedatives, and anticholinergics

Rogers et al.
1989

46 orthopedic
patients

Mean age =
67.5

Orthopedic
inpatient unit

26% Drugs: propranolol, flurazepam,
scopolamine

Berggren et al.
1987

57 patients with
femoral neck
fracture

> 64 years Orthopedic
inpatients

44% History of mental confusion
History of anticholinergic drug use

Erkinjuntii
et al. 1986

2,000 consecutive
patients

≥ 55 years Medical
inpatients

41.4% of
patients with
dementia

12.4% of
patients
without
dementia

Early postoperative hypoxemia and
dementia

Francis et al.
1990

229 elderly
patients

≥ 70 years Medical
inpatients

22% overall Predictors include abnormal sodium
level, severe illness, chronic
cognitive impairment; fever or
hypothermia; psychoactive drug use;
azotemia



Detection

The Mini-Mental State Examination (MMSE) (Figure
19–1) is useful in detecting the presence and global severity
of cognitive impairments. Although not specifically cre-
ated to distinguish delirium from dementia, the full MMSE
contains a clinical assessment of the patient’s level of con-
sciousness. Although this measure may seem a bit simplis-
tic, it serves to identify alterations in level of consciousness.
The MMSE is sensitive (87%) and specific (82%) com-

pared with a clinical diagnosis of delirium (Anthony et al.
1982). Thus, the MMSE can be of considerable value in
primary care in both the inpatient and outpatient setting.
The major caveats are the false-positive ratio for detection
of significant cognitive impairment—39%—largely a re-
sult of patient-related variables (e.g., low educational sta-
tus, impaired vision, impaired hearing).

MMSE items most likely to be missed by the patient
with delirium are calculation, orientation (especially to
time), and three-item recall at 5 minutes. Naming and reg-
istration are relatively preserved, even in patients with de-
lirium who are severely impaired. This preservation of
naming and registration may partially explain why delir-
ium is often undetected in a routine clinician examination.

Numerous other screening methods are available for
detecting delirium. One of the simplest instruments is the
Confusion Assessment Method (CAM) (Inouye et al. 1990)
(Table 19–6). This scale incorporates the nine opera-
tionalized criteria from DSM-III-R into a reliable rating
instrument that can be quickly administered by incorpo-
rating the elements of the CAM into a routine clinical ex-
amination. The CAM has a sensitivity of 94%–100%, a
specificity of 90%–95%, and a positive predictive accuracy
of 91%–94% for the clinical diagnosis of delirium.

Management

Few systematic studies of the management of delirium
have been undertaken. The following recommendations
are based largely on collective clinical experience. The first
step is the identification of underlying medical condi-
tion(s). At times, the etiology is unclear either because it
cannot be identified or, more commonly, because multiple
etiologies have been identified. It is important to provide
an appropriate, supportive environment (Table 19–7).

Because the patient with delirium has a primary distur-
bance in attention and concentration, professional and
family visits should usually be short but frequent. Reassur-
ance and reorientation are often helpful and will likely be
required on a frequent basis throughout the day. One goal
is to not tax the patient needlessly. Care should be taken to
avoid approaches that distress the patient. For example,
some patients are comforted by the explanation that they
are encountering side effects from their medications or are
confused because of their infection. Others are distressed
by this news. It is important to observe the patient’s re-
sponse to this type of conversation. If the patient is visibly
distressed, then further discussion should be avoided.

Moving the patient out of stressful environments (e.g.,
the intensive care unit) as soon as medically safe may prove
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TABLE 19–5. Anticholinergic drug levels in
25 medications ranked by the
frequency of their prescription
for elderly patients

Medicationa
Anticholinergic drug level

(ng/mL of atropine equivalents)
Furosemide
Digoxin
Dyazide (hydro-

chlorothiazide and
triamterene)

Lanoxinb

Hydrochlorothiazide
Propranolol
Salicylic acid
Dipyridamole
Theophylline, anhydrous
Nitroglycerine
Insulin
Warfarin
Prednisolone
Methyldopa
Nifedipine
Isosorbide dinitrate
Ibuprofen
Codeine
Cimetidine
Diltiazem hydrochloride
Captopril
Atenolol
Metoprolol
Timolol
Ranitidine

0.22
0.25
0.08

0.25
0.00
0.00
0.00
0.11
0.44
0.00
0.00
0.12
0.55
0.00
0.22
0.15
0.00
0.11
0.86
0.00
0.02
0.00
0.00
0.00
0.22

aDrug concentration = 10−8 M.
bA digoxin compound.



helpful. Having a limited number of family or friends (who
have been properly appraised of the circumstances) at hand
to reassure and reorient the patient may prove beneficial.
Psychiatric consultation is often helpful to provide behav-
ioral management recommendations and to serve as a liai-
son to staff and family. Many patients with delirium do
better in psychiatric environments rather than in a typical
medical unit. The general medical management of the pa-
tient with delirium includes prevention and/or manage-
ment of fluid and electrolyte disturbances, aspiration,
decubitus ulcers, nutritional status, and other less common
medical complications of delirium.

Agitation is a serious problem in patients with delirium
(see Chapter 22 in this volume). These patients are at
greater risk of falls and of injury to both themselves and
their caregivers (Berggren et al. 1987). Because agitation
often occurs in response to psychotic symptoms (hallucina-
tions, delusions), short-term pharmacotherapy is often
necessary. Although few controlled trials of medications
for management of delirium have been performed,
haloperidol is the most widely used and accepted medica-
tion. Typical well-tolerated doses of haloperidol are
0.5–2.0 mg intramuscularly or intravenously, repeated ev-
ery 30 minutes to 1 hour as needed to suppress the agitated
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Patient _____________________
Examiner ___________________
Date _______________________

Maximum score Score
Orientation

5 ( ) What is the (year) (date) (day) (month) (season)?
5 ( ) Where are we (state) (county) (town) (hospital) (floor)?

Registration
3 ( ) Name 3 objects: 1 second to say each. Then ask the patient all 3 after you have said

them. Give 1 point for each correct answer. Then repeat them until he or she learns all
3. Count trial and record.
Trials

Attention and calculation
5 ( ) Serial 7s: 1 point for each correct. Stop after 5 answers. Alternately spell “world” back-

wards.
Recall

5 ( ) Ask for 3 objects repeated above. Give 1 point for each correct answer.
Language

2 ( ) Name a pencil and watch (2 points)
1 ( ) Repeat the following: “no ifs, ands, or buts” (1 point)
3 ( ) Follow a 3-stage command: “Take a paper in your right hand, fold it in half, and put it

on the floor.”
1 ( ) Read and obey the following: “Close your eyes.” (1 point)
1 ( ) Write a sentence. Must contain subject and verb and be sensible. (1 point)

Visual-motor integrity
1 ( ) Copy design (2 intersecting pentagons. All 10 angles must be present and 2 must inter-

sect.) (1 point)
Total score _______

30 ( ) Assess level of consciousness along a continuum.
Alert _____ Drowsy _____ Stupor _____ Coma _____

FIGURE 19–1. Mini-Mental State Exam.
Source. Reprinted with permission from Folstein MF, Folstein SE, McHugh PR: “Mini-Mental State: a practical method for
grading the cognitive state of patients for the clinician.” J Psychiatr Res 12:189–198, 1975.



behavior. Side effects include drug-induced parkinsonian
symptoms. Of concern is akathisia and motor restlessness,
which can easily be confused with agitation. A few recent
investigations have used atypical antipsychotic medica-
tions, such as risperidone, successfully (Sipahimalani et al.
1997). One advantage to these antipsychotics is their favor-
able side-effect profile. An alternative to antipsychotics is
the addition of a short- or intermediate- acting benzodiaz-
epine. Lorazepam 0.5–1.0 mg intravenously, repeated
hourly as necessary, has been shown to be effective in the
management of agitated delirium.

Summary

Delirium is a common, often unrecognized clinical syn-
drome characterized by potentially reversible disturbances
in attention and other aspects of cognition. The clinical ex-
amination is the mainstay of diagnosis, though several
screening instruments (e.g., MMSE, CAM) have made the

process easier. The neurobiology of delirium may include
specific alterations in ascending pathways as well as diffuse
disturbances in glucose metabolism. The most consistent
risk factors for delirium include age, prior cognitive im-
pairment, increasing number of comorbid medical condi-
tions, and drug toxicity.
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TABLE 19–6. Confusion Assessment Method

(1) Acute onset and fluctuating course
Is there evidence of an acute change in mental status
from the patient’s baseline?
AND
Did this behavior fluctuate during the past day, that is,
tend to come and go or increase and decrease in severity?

(2) Inattention
Does the patient have difficulty focusing attention, for
example being easily distractible, or having difficulty
keeping track of what was being said?

(3) Disorganized thinking
Is the patient’s speech disorganized or incoherent, such
as rambling or irrelevant conversation, unclear or illogical
flow of ideas, or unpredictable switching from subject to
subject?

(4) Altered level of consciousness
Overall, how would you rate this patient’s level of
consciousness?

Alert (normal)
Vigilant (hyperalert)
Lethargic (drowsy, easily aroused)
Stuporous (difficult to arouse)
Comatose (unarousable)

The diagnosis of delirium requires the presence/abnormal rat-
ing for criteria: (1), (2), and either (3) or (4).

Source. Reprinted with permission from Inouye SK, van Dyck CH,
Alessi C, et al.: “Clarifying Confusion: The Confusion Assessment
Method.” Ann Intern Med 113:941–948, 1990.

TABLE 19–7. Management of delirium

A. Pharmacological interventions and physical restraints
1. Avoid physical restraints if possible. Evaluate their

need daily. Consider alternatives, including the use
of sitters and family members to calm the patient.

2. Use lowest possible doses of neuroleptics and/or
benzodiazepines.

3. Reassess need for these interventions at least daily.
The goal is to discontinue neuroleptics as soon as
possible.

4. When patients are administered neuroleptics,
carefully monitor and document the patient’s
neurological status for presence of extrapyramidal
side effects.

B. Psychosocial aspects (providing a predictable, orienting
environment)
1. The room should be adequately lit, including the use

of night lights in the evening, to decrease illusions.
2. Avoid excessive stimulation. Keep exposure to

chaotic environments (e.g., intensive care units) to a
minimum because many delirious patients are
hyperresponsive to stimuli.

3. The room should have a large calendar and clock.
4. The staff and family should make an effort to remind

the patient of the day and date frequently.
5. If possible, familiar items from home should be

brought in.
6. If clinical state allows, provide eyeglasses and hearing

aids to patients who had them before the illness.
7. Encourage frequent interactions with staff and

family.
8. Consider telling the patient he or she is confused and

disoriented.
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20
Contemporary

Personality Psychology

Paul T. Costa, Jr., Ph.D.

Robert R. McCrae, Ph.D.

Personality may seem to be too vague and
metaphysical a topic to belong in a mod-

ern textbook of neuropsychiatry, but in fact it connects
squarely with that discipline on two levels. First, it has be-
come increasingly clear in the past decade that personal-
ity traits have a biological basis. Although convincing the-
ories of the specific neurological or neurohormonal
mechanisms involved are still lacking, strong collateral
evidence indicates that such mechanisms must exist. Sec-
ond, personality is directly relevant to the thoughts, feel-
ings, and behaviors of patients, caregivers, and physicians.
Forms of psychopathology, medical compliance, symp-
tom reporting, caregiver burden (Hooker et al. 1998),
and the physician’s bedside manner are all influenced to a
substantial degree by the pervasive and enduring charac-
teristics that define personality.

The personality of patients with neuropsychiatric dis-
orders is often ignored in the belief that neuropsy-

chological assessment is sufficient to understand the pa-
tient (Cahn and Gould 1996). When personality is
considered, it is typically construed either in terms of per-
sonality disorders—as when the premorbid personality of
an individual with late-life–onset psychosis is described as
paranoid or schizoid (Pearlson and Petty 1994)—or as a
catalog of traits discerned by clinical judgment (Todes and
Lees 1985). In this chapter, we present a contemporary
model of normal personality and discuss its relevance to ge-
riatric neuropsychiatry.

Definition and Measurement
of Personality

Although a textbook of personality theories can offer a be-
wildering array of definitions of its subject matter, two

The authors thank Jamie Berry and Jeffrey Herbst for assistance in the preparation of this chapter.
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common and complementary approaches are in use. The
first sees personality as a system that organizes and directs
the behavior of the individual in ways that allow the satis-
faction of needs and the expression of the self. Figure 20–1
provides a contemporary example of this type of model. In
this view of the personality system, biologically based basic
tendencies interact over time with external influences to
create a repertoire of characteristic adaptations (skills, hab-
its, attitudes, preferences, roles, relationships, and so on).
These adaptations in turn interact with the immediate situ-
ation to determine what the individual does and experi-
ences at a particular moment (McCrae and Costa 1996).

Some such model of the personality system is required
to understand how human beings function. For example,
Figure 20–1 calls attention to the biological bases of per-
sonality dispositions, consistent with a wealth of literature
on the heritability of most personality traits (Loehlin 1992;
Riemann et al. 1997). But the system approach is limited as
a definition of personality because—with the possible ex-
ception of patients with severe psychosis or dementia—it
applies equally to everyone. The second approach com-
monly used to define personality calls attention to individ-
ual differences.

From the perspective of individual differences, per-
sonality refers to the psychological features that confer
both individuality and identity. Among the most important
of these features are personality traits, defined as pervasive
and enduring styles of thinking, feeling, and acting. Be-
cause they reflect something intrinsic to the person, these
traits are manifested in a wide range of situations; because
they form a core part of one’s identity (McCrae and Costa
1988), they must endure over substantial periods of time.
Personality traits are thus to be distinguished from
situationally bound habits and relationships and from tran-
sient moods and motives, and they are located in Figure
20–1 in the category of basic tendencies.

Personality traits are ubiquitous in laypersons’ de-
scriptions of themselves and others, and traitlike con-
structs have been measured by psychologists for decades.
Needs, temperaments, characters, folk concepts, cognitive
styles, and a variety of personality disorders have all been
proposed as the basic units of personality psychology. For
many years, one of the central problems in the field was that
so many individual difference variables had been identified
that little progress could be made in understanding any of
them.
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FIGURE 20–1. A model of the personality system, showing the major components of the system and the principal paths by
which they are related.
Source. Adapted from McCrae and Costa 1996.



It was clear, however, that all these different constructs
were heavily redundant: poor ego strength was akin to low
psychological resiliency and to general anxiety and nega-
tive affectivity (Watson and Clark 1984). Factor analysts
such as Cattell (1973) and Eysenck (1960) attempted to
summarize the redundancy in terms of a few broad person-
ality factors or dimensions. After years of research and de-
bate, a general (if not universal) consensus has emerged
that most specific traits can be understood in terms of five
broad factors, usually labeled neuroticism, extraversion,
openness to experience, agreeableness, and conscientious-
ness (Digman 1990; McCrae 1992).

These five factors were initially identified in studies
based on English-language trait adjectives, but they were
soon replicated in a variety of theoretically based personal-
ity questionnaires. One of the first inventories designed
specifically to measure the Five-Factor Model was the
NEO Personality Inventory (NEO-PI) (Costa and Mc-
Crae 1985); Table 20–1 lists the 30 facets that define the
five factors and gives some indication of their scope and na-
ture. For example, the table shows that individuals high in
openness to experience have an active fantasy life, appreci-
ate art and beauty, are keenly aware of their feelings and
emotions, prefer variety and novelty, are intellectually cu-
rious, and have liberal value systems.

The Five-Factor Model has proven to be generalizable
not only over a wide range of personality instruments but
over many different populations. Similar factor structures
are found in young and old adults, men and women, and

white and nonwhite subsamples (Costa et al. 1991). Per-
haps more importantly, the structure has also been repli-
cated in studies using translations of the revised NEO-PI
(NEO-PI-R) into such languages as Portuguese, Korean,
and Filipino (McCrae and Costa 1997; McCrae et al. 1998).
These cross-cultural replications suggest that personality
traits are a specieswide characteristic. Finally, recent stud-
ies (Bagby et al., in press; Yang et al., in press) have reported
the same structure in psychiatric samples as that found in
psychiatrically healthy samples.

Personality trait assessment has been the topic of ex-
tensive research for decades. Because traits are abstract
constructs that must be inferred from patterns of behavior
and experience, no single method or instrument is perfect,
but several approaches yield reasonably accurate assess-
ments. Most common are self-report questionnaires or
checklists (e.g., Costa and McCrae 1992; Trapnell and
Wiggins 1990) that ask respondents to describe their own
interests, behaviors, and feelings. More familiar to psychia-
trists are structured interviews (Trull and Widiger 1997), in
which self-reports are elicited and evaluated by a trained
professional. Informant ratings have also been shown to be
valid alternatives to self-reports, especially valuable in situ-
ations in which self-reports may not be trustworthy. For ex-
ample, considerable research has been done on personality
in patients with dementia by using ratings from spouses or
caregivers (Glosser et al. 1995; Siegler et al. 1991).

Personality and Aging

Personality development from infancy through adoles-
cence has been a major focus of personality theory and re-
search for most of this century. From the time of Freud on,
however, most psychologists assumed that personality de-
velopment had ended by adulthood. Until Erikson’s (1950)
influential epigenetic model extended psychosocial devel-
opment into old age, little attention was paid to adult per-
sonality. Erikson’s stage model has received only partial
support (e.g., Van de Water and McAdams 1989), but it
stimulated cross-sectional and longitudinal research that
has led to a clear and consistent picture of what happens to
personality in the normal course of aging.

Two important and distinct questions need to be asked
about personality and aging. The first concerns the preser-
vation of individual differences; the second, stability or
change in mean levels. The first question requires assess-
ment at different points in time and is usually addressed by
longitudinal studies that measure the same group of indi-
viduals on multiple occasions separated by intervals of
years or decades. Questions about mean levels can also be
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TABLE 20–1. Revised NEO Personality Inventory
Facet scales defining the five
basic personality factors

Neuroticism
Anxiety
Angry hostility
Depression
Self-consciousness
Impulsiveness
Vulnerability

Extraversion
Warmth
Gregariousness
Assertiveness
Activity
Excitement seeking
Positive emotions

Openness to experience
Fantasy
Aesthetics
Feelings

Actions
Ideas
Values

Agreeableness
Trust
Straightforwardness
Altruism
Compliance
Modesty
Tender-mindedness

Conscientiousness
Competence
Order
Dutifulness
Achievement striving
Self-discipline
Deliberation



addressed by longitudinal data, but they are often ap-
proached through cross-sectional comparisons of different
age groups.

By definition, traits are enduring dispositions, so if
they exist at all, they must show some stability of rank order
over a period of months or years. But traits might well
change across longer portions of the life span, and most re-
searchers anticipated that life events, changes in physical
health, and changing roles and responsibilities would each
have profound impact on personality traits. That view is
tenable during the first part of adulthood (Siegler et al.
1990); personality scores at age 30 are only moderately pre-
dictable from scores at age 18. After age 30, however, evi-
dence shows impressive predictability and thus stability.
Longitudinal studies covering periods of up to 30 years
(Costa and McCrae 1992; Finn 1986) find substantial sta-
bility in rank order for traits from all five factors. Costa and
McCrae (1992), for example, reported retest correlations
ranging from .61 to .71 over a 24-year interval for a set of 10
traits. In the normal course of aging, extraverts at age 40 are
still likely to be relatively extraverted at age 70; conscien-
tious people remain conscientious across the adult life
span.

Retest correlations, however, reflect only relative
standing; they do not reflect developmental trends that
may be common to an entire age group. It is entirely possi-
ble to show high retest correlations even when there are
dramatic changes in mean level, and reasons have been sug-
gested to hypothesize a number of changes in personality
that might accompany aging. Popular stereotypes suggest
that old age brings depression, withdrawal, rigidity, and
crankiness—although popular stereotypes also suggest
that it brings mellowness and wisdom. If predictable age
changes in personality do exist, that fact is of considerable
importance. Rival disengagement (Cumming and Henry
1961) and activity (Maddox 1963) theories of aging lead to
public policy debates on how society should deal with the
elderly (Neugarten 1982): should they be allowed to fade
away with dignity or should they be surrounded with op-
portunities and incentives for social interaction?

The major finding from subsequent research is one of
stability: most cross-sectional studies of adults over age 30
reported only a small age difference across long portions of
the life span (Costa et al. 1986), and many longitudinal
studies found no consistent evidence of change at all (Costa
and McCrae 1988). Stereotypes about depression, with-
drawal, and rigidity are myths, applicable, if at all, only to a
small percentage of the elderly.

Coupled with the findings of stability in rank order,
mean level stability implies that personality traits are es-
sentially constant across the adult life span. The same range

of individual differences is thus found in older men and
women as in younger men and women. Social plan-
ners—and geriatric physicians—cannot prepare for the
“typical” old person; they must learn to appreciate and re-
spond to the full range of individual differences.

Although the major lesson from studies of adult per-
sonality development is that personality changes little,
more recent research has confirmed that the little it
changes is predictable. Between age 18 and age 30, moder-
ately large changes—on the order of one-half standard de-
viation—are found in the mean levels of all five traits. The
pattern, seen in both men and women, makes considerable
sense: neuroticism, extraversion, and openness decline and
agreeableness and conscientiousness increase—changes
that collectively might be described as an increase in psy-
chological maturity. Further, these same trends continue,
at a slow rate, after age 30.

So small are these changes that they can be detected
usually only by very large samples observed across very
long intervals. For example, the correlation of age with
neuroticism in a national sample of individuals ages 32 to
88 was −.12 (Costa et al. 1986). It would be easy to dismiss
such small effects as meaningless were it not for the fact that
similar trends are found in Germany, Croatia, South Ko-
rea, Portugal, and Italy (McCrae et al. 1999). Despite dif-
ferences in language, culture, and recent history, the same
developmental pattern appears everywhere. One interpre-
tation of this phenomenon is that personality development
is not so much the result of life experience as it is an intrinsic
maturational process common to the species.

Normal and Abnormal Personality

Neuropsychiatrists are likely to be most familiar with per-
sonality in the form of DSM-IV Axis II personality disor-
ders (American Psychiatric Association 1994). Personality
disorders—including borderline, paranoid, and antisocial
disorders—are marked by extreme and inflexible styles of
behaving and experiencing and cause personal distress or
social impairment. Ten specific disorders are currently cat-
aloged in DSM-IV, along with a category for disorders “not
otherwise specified.”

Personality disorders clearly represent significant
clinical conditions to which neuropsychiatrists ought to at-
tend. But for many reasons, Axis II is not an optimal system
for describing personality (McCrae 1994). The selection of
disorders is based on no clear rationale—indeed, several
disorders have come and gone in successive editions of the
DSM. Many individuals meet criteria for several personal-
ity disorder diagnoses—the problem of comorbid-
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ity—whereas most people receive no Axis II diagnosis at all
and can be characterized only as “normal.” Little empirical
evidence exists to indicate that the defining symptoms co-
here as syndromes (Livesley et al. 1989) or to substantiate
the postulated categorical breaks between normal and ab-
normal personalities (Trull et al. 1990).

In 1989, Wiggins and Pincus proposed a radical alter-
native to Axis II: they hypothesized that the characteristic
maladaptive styles described by personality disorders were
in fact variants of the normal personality traits assessed by
the Five-Factor Model. Borderline personality disorder,
for example, is associated with high neuroticism; histrionic
disorder with extraversion; antisocial and paranoid disor-
ders with (low) agreeableness. That hypothesis has subse-
quently been supported by a number of studies using dif-
ferent samples and measures of the personality disorders
(Ball et al. 1997; Costa and Widiger 1994).

From this perspective, personality disorders can be
viewed as personality-related problems, the kinds of affec-
tive, cognitive, and interpersonal difficulties toward which
different personality traits predispose people. Most people
have problems and all people have personalities, so the lim-
ited applicability of Axis II diagnoses is avoided in this ap-
proach. Instead, the clinician can obtain useful insight into
the strengths and weaknesses of all patients.

Normal personality traits are also relevant to a number
of Axis I disorders (Widiger and Trull 1992). For example,
low extraversion is associated with major depression
(Bagby et al. 1995); low conscientiousness with substance
abuse (Brooner et al. 1993); and high neuroticism with
posttraumatic stress disorder (Hyer et al. 1994). Personal-
ity traits may predispose individuals to the development of
certain forms of psychopathology or they may themselves
result from neuropsychiatric disorders. In a later section,
we review a body of literature on the effects of Alzheimer’s
disease on personality traits.

Biological Basis of Personality

Figure 20–1 presented a model of the personality system in
which both biology and the environment play prominent
shaping roles, reflecting the truism that personality is the
result of both nature and nurture. But Figure 20–1 differs
fundamentally from most earlier conceptualizations of
personality by presuming that personality traits themselves
are endogenous and that the environment affects only their
expression in acquired habits, tastes, attitudes, and so on.
Doubtless the model oversimplifies, but it rests on a rapidly
growing body of information on the biological basis of per-
sonality.

A long tradition links personality traits directly to
neurophysiology. Perhaps most influential is the work of
Hans Eysenck (1967), whose theories of the biological ba-
sis of neuroticism and extraversion have stimulated many
programs of research. More recently, Cloninger (1988) has
proposed that personality traits (or at least those related to
temperament) reflect activity of the serotonergic,
dopaminergic, and noradrenergic systems. Some evidence
supports these claims. For example, Cloninger links dopa-
mine to a set of traits he calls novelty seeking, and both nov-
elty seeking (Cloninger et al. 1994) and D2 dopamine re-
ceptors (Roth and Joseph 1994) decline with age.

But the human brain is extraordinarily complex, and
personality/brain associations are not readily amenable to
experimental study, so it is perhaps not surprising that, at
the present time, overall support for Eysenck’s and
Cloninger’s theories is weak (Amelang and Ullwer 1991;
Ebstein et al. 1997; Vandenbergh et al. 1997). However, a
wealth of evidence shows that personality is firmly rooted
in biology and thus that the neurophysiological mecha-
nisms are there to be discovered eventually.

Perhaps the most persuasive evidence comes from
adoption and twin studies that have conclusively demon-
strated the importance of genetic influences on all five per-
sonality factors (Bouchard 1994; Riemann et al. 1997) and
on the specific traits that define them (Jang et al. 1998). By
contrast, shared environmental influences (such as social
class, parental role models, and religious training) appear
to have little or no influence on adult personality traits, al-
though they clearly have major effects on characteristic ad-
aptations. In recent years, attempts have been made to
identify specific genes associated with personality traits
(Benjamin et al. 1996); so far, these findings have not
proven to be replicable (Malhotra et al. 1996; Vandenbergh
et al. 1997). It seems likely that a large number of genes in-
fluence each trait, so the effects of any single gene are small
and difficult to detect.

A second line of evidence for the biological basis of
personality comes from cross-cultural studies. Both per-
sonality structure (McCrae and Costa 1997) and personal-
ity development (McCrae et al. 1999) appear to follow uni-
versal patterns that transcend language, culture, and
history. Although such universal patterns might be attrib-
utable to shared experiences—for example, humans every-
where are aware of their own mortality—it is more plausi-
ble to see these as results of a common biology.

That argument is even stronger when comparisons are
made not across cultures but across species. Research on
both primates (King and Figueredo 1997) and nonprimates
(Gosling and John 1998) shows that personality character-
istics resembling those found in humans can be reliably
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observed in other animal species. Some personality fac-
tors— notably conscientiousness—are absent or difficult
to detect, but stable individual differences in aggressive-
ness, activity level, and shyness are easily demonstrated.
Whatever their evolutionary function (if any; see Tooby
and Cosmides 1990), personality traits appear to be a part
of human beings’ mammalian heritage.

A final source of evidence on the neurological basis of
personality comes from studies of neuropsychiatric disor-
ders. It has long been recognized that both dementia and
traumatic brain injury could affect such characteristics as
motivation, mood, and impulse control. However, ade-
quate descriptions of personality changes associated with
these conditions was impeded by the lack of a comprehen-
sive model of personality to guide systematic study and by
difficulties in personality assessment among impaired pa-
tients. Recent advances associated with the Five-Factor
Model have resolved both these problems.

Self-report questionnaires are the mainstay of person-
ality assessment in both normal and psychiatric samples,
but the validity of such instruments in cognitively impaired
individuals is questionable. Instead, most personality as-
sessments of individuals with dementia or those who are
otherwise incapacitated have relied on clinician ratings. Al-
though these are of considerable value in describing the
current functioning of the patient, they are of limited use in
assessing personality changes because clinicians rarely
know the premorbid status of the individual. Instead of a
consequence, personality traits might be long-term pre-
dictors of the neuropsychiatric condition in question.

In the first of a series of papers, Siegler and colleagues
(Siegler et al. 1991) asked caregiver informants (spouses
and children) to provide personality ratings of 35 patients
with memory impairment. Informants described both pre-
morbid and current personality characteristics using the
observer rating version of the original NEO-PI (a version
that measured all five factors but identified specific facets
for only the first three). Premorbid personality profiles
showed slightly lower than average levels of openness, but
otherwise, mean scores were in the normal range. By con-
trast, current ratings depicted patients as being high in
neuroticism, especially vulnerability to stress, low in extra-
version, and very low in conscientiousness. These results
were clearly replicated in three other studies (Chatterjee et
al. 1992; Siegler et al. 1994; Welleford et al. 1995). Results
(expressed as difference between premorbid and current
ratings) from all four studies are plotted in Figure 20–2.

These dramatic and remarkably consistent findings
are the basis for a number of conclusions. First, they clearly
demonstrate that neuropsychiatric status can have pro-
found effects on rated personality—in clear contrast to the

general absence of effects from such physical conditions as
heart disease and cancer (Costa et al. 1994). The wide-
spread clinical belief that personality changes are among
the more important signs of dementing disorders is appar-
ently well-founded.

Next, these data point to specific traits and factors that
are likely to change. At the facet level, the greatest change
for patients with Alzheimer’s disease is in vulnerability, an
inability to deal effectively with stress. At the factor level,
these patients became higher in neuroticism and lower in
extraversion, but changed relatively little in openness or
agreeableness. The largest changes are in conscientious-
ness, a factor defined by such traits as competence, order,
achievement striving, and self-discipline. It is impairment
in purposeful, goal-directed striving that most character-
izes these individuals.

In hindsight, that finding seems intuitively reasonable
because even individuals with mild dementia have diffi-
culty in organizing and directing their lives. But the impor-
tance of conscientiousness could not have been predicted
from the prior literature. Most attention has been paid to
memory loss and other forms of cognitive decline, but con-
scientiousness is not related to cognitive ability (McCrae
and Costa 1985), and neuropsychiatrists should not assume
that they can infer levels of conscientiousness from cogni-
tive tests such as measures of executive function. Closer to
personality, in the PsycLIT database, of more than 4,000
articles involving Alzheimer’s disease that were published
between 1991 and 1997, 464 included the word
“depression,” but only 4 included “conscientiousness”—all
from studies informed by the Five-Factor Model. One of the
chief advantages of a comprehensive model of personality is
that it allows systematic exploration of personality correlates,
includingtraits thatmightotherwisehavebeenoverlooked.

These studies suggest that informant ratings may be
useful in the assessment of personality in many neuropsy-
chiatric conditions. Additional studies by Strauss and col-
leagues (Strauss and Pasupathi 1994; Strauss et al. 1993)
show that retrospective ratings are consensually valid and
temporally stable and that current ratings are sensitive to
progression of the disease. Standardized questionnaires
provide an effective way to enlist the aid of caregivers in the
comprehensive assessment of the patient.

Personality in Geriatric
Neuropsychiatry

The methods and findings of contemporary personality
psychology are potentially useful at two levels: in research
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on the causes and consequences of neuropsychiatric disor-
ders and in understanding and helping patients and their
families. Research on personality correlates of disease is
valuable for several reasons. Patterns such as those shown
in Figure 20–2 may offer insights into brain/behavior rela-
tionships; for example, something about the neuro-
hormonal and neuroanatomical changes that accompany
the progression of Alzheimer’s disease profoundly affects
planning and goal-directed behavior, while leaving intact
the quality of interpersonal orientation (agreeableness ver-
sus antagonism) (see Chapter 24 in this volume). A compar-
ison of patterns across many different disorders would be
particularly illuminating.

Some of that research has already been conducted.
Two studies (Glosser et al. 1995; Mendelsohn et al. 1995)
have used similar designs to investigate Parkinson’s disease
and found increased neuroticism and decreased
extraversion, openness, and conscientiousness—a pattern
very similar to that seen in Alzheimer’s disease. Two un-
published studies of patients with traumatic brain injury

(Costa 1996) also showed similar patterns of personality
changes. It appears that diffuse brain damage, with or with-
out cognitive impairment, leads to predictable patterns of
personality change.

That information has important clinical implications
as well. These changes in personality can be detected by lay
observers and can provide early signs of dementing disor-
ders. Because these changes are progressive in Alzheimer’s
disease (Strauss and Pasupathi 1994), their recognition can
help caregivers anticipate how the patient is likely to
change over the course of the disease. Memory loss is not
the only, or even necessarily the most troubling, effect of
Alzheimer’s disease; loss of purposefulness and vulnerabil-
ity to stress also present problems with which the caregiver
may have to deal.

But information on personality can be valuable to geri-
atric neuropsychiatrists at a broader level because all
patients have personality traits that influence their interac-
tions with physicians (McCrae and Stone 1997). Individ-
uals high in neuroticism are prone to exaggerate medical
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complaints, whereas those who are low may minimize
them. Extraverts are talkative and may more readily volun-
teer information about their medical condition or ask ques-
tions about treatment. Open individuals are unconven-
tional and willing to experiment; they may prefer
innovative or nontraditional medical therapies. Disagree-
able people are suspicious, demanding, and frequently dis-
satisfied with the medical treatment they receive (Roter
and Hall 1992). Conscientious people have better health
habits to begin with and comply more diligently with pre-
scribed medical regimens. Those persons who are chroni-
cally low in conscientiousness, such as those whose initial
levels of conscientiousness are decreased by dementing
disorders, may require extra assistance from family care-
givers. For all these reasons, physicians are better equipped
to understand, diagnose, and treat their patients if they ap-
preciate the role of enduring individual differences.
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Mental Retardation

James D. Duffy, M.B., Ch.B.

Eleanore Hobbs, M.D.

Although 1%–3% of the population
meet diagnostic criteria for mental re-

tardation (MR), the physical and mental health needs of
this large segment of society have remained largely unex-
plored. In addition, little rigorous research on the assess-
ment and treatment of behavioral disorders in people
with MR has been undertaken. Bearing these caveats in
mind, and with the understanding that considerable re-
search still needs to be done, in this chapter we attempt to
provide a broad overview of the current scientific data
available on the neuropsychiatry of MR, with a particular
emphasis on the elderly.

Definition of Mental Retardation

Reaching a consensus on the most appropriate definition of
MR remains elusive. The diagnostic approach subsumed
under DSM-IV provides clear criteria based on the pa-
tient’s measurable IQ (American Psychiatric Association
1994). Although this approach is concrete and therefore
easy to operationalize, it fails to identify many individuals
with MR who, through an enriched environmental experi-

ence or because of intellectual competence, are able to
score above the cutoff IQ scores. In recognition of these
limitations of the DSM-IV’s “uni-dimensional” IQ-driven
approach, the American Association on Mental Retarda-
tion (1992) has proposed a broader definition that is based
on an assessment of functional capacity:

Mental retardation refers to substantial limitations in
present functioning. It is characterized by significantly
subaverage intellectual functioning, existing concurrently
with related limitations in two or more of the following ap-
plicable adaptive skills areas: communication, self-care,
home living, social skills, community use, self-direction,
health and safety, functional academics, leisure and work.
Mental retardation manifests before age 18. (American As-
sociation on Mental Retardation 1992)

The American Association on Mental Retardation ap-
proach also includes a multidimensional classification sys-
tem that contains a description of the individual’s status
within the domains of intellectual, psychological, physical,
and environmental functioning. This approach provides a
broader perspective of the individual’s clinical status and
assists with treatment planning.
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Demographics

Because of the “graying” of the postwar baby boomers and
of their increasing life expectancy, the number of elderly
persons with MR in the United States is growing rapidly.
Current estimates suggest that 6.1%–15.7% of the popula-
tion with MR in the United States is over age 55, with the
greatest proportion of these older individuals residing in
state institutions (Jacobson et al. 1985). Current demo-
graphic trends indicate that this rate can be expected to
double in the next 30 years (National Institute on Aging
1987). The remarkable increase of individuals with MR is
reflected in the statistic that between 1932 and 1976 the
number of 10-year-old children who were mentally re-
tarded who could expect to survive to age 60 increased from
28% to 46% (Balakrishnan and Wolf 1976; Dayton et al.
1932). This upward trend is most evident in people with
Down’s syndrome (DS), whose life expectancy has in-
creased from 9 years in 1929 to at least 70% surviving be-
yond age 30 in 1987 (Penrose 1949). As would be expected,
people with mild MR are most likely to live longer than
those with severe MR, a fact that dictates that the elderly
population with MR is overrepresented by individuals with
mild compared with those with severe MR.

Deinstitutionalization programs have resulted in an
elderly person with MR being more likely to reside in the
community and therefore seek services from commu-
nity-based health care professionals. Unfortunately, the
health care system has failed to anticipate or respond to this
demographic trend, with the result that few clinicians pos-
sess the skills necessary to provide adequate medical or
mental health care for patients with MR. Indeed, in most
regions, including urban and suburban areas, the person
with MR has difficulty even finding health care profession-
als willing to provide medical services. This situation is
even more dire in the elderly patient with MR whose par-
ticular needs demand a composite of skills not currently
taught in any professional training programs.

Normal Aging in Mental Retardation

The neurobiology of normal aging is described elsewhere
in this text (see Chapter 3 in this volume). People with MR
are particularly vulnerable to age-related changes in sen-
sory and cognitive functioning. Hearing loss has been
found to be common in people with DS. More than half of
patients with DS develop hypothyroidism that is fre-
quently associated with cognitive deficits that may be mis-
interpreted as indicating Alzheimer’s disease (AD). Al-
though little is known about the sleep pattern of persons

with DS, they are predisposed to developing sleep apnea,
which, in turn, produces cognitive and behavioral deficits
that may become disabling. The association between DS
and AD is discussed below.

Social Aspects

Although little is known about the social functioning of the
elderly population with MR, the research studies that have
been undertaken have reported similar findings. Anderson
et al. (1984) examined the living arrangements of adults age
63 and older in four settings: state institutions, private fa-
cilities, foster homes, and group homes. Their major find-
ing was that across all settings the subjects with MR had a
very low level of social integration. This finding was sup-
ported by several other studies that have reported that, re-
gardless of their community placement, elderly patients
with MR are likely to be socially withdrawn (Legault 1992;
Markova et al. 1992). Interestingly, the most comprehen-
sive study of social integration by elderly patients with MR
has reported that those individuals exhibiting mild
“anti-social” behavior are more likely to become involved
in community activities, probably because of their more as-
sertive and socially aggressive behavior (Moss et al. 1992).
The social isolation of the elderly patient with MR is likely
to be compounded by the fact that almost three-quarters
are physically limited and require mobility aids (e.g.,
wheelchairs, crutches, canes) (Parette and Vanbiervliet
1992). These findings indicate that community placement
programs for elderly patients who are mentally retarded
require adequate staffing and support services to ensure
that these individuals are able to take advantage of social
opportunities.

Although most group homes are willing and able to
continue caring for their aging residents with MR, an in-
creasing number of elderly people with MR are residing in
nursing homes. Unfortunately, few of these facilities have
the resources necessary to provide the most appropriate
care environment for their residents with MR (also see
Chapter 37 in this volume).

Clinical Assessment of the Elderly
Patient With Mental Retardation

The neuropsychiatric assessment of the elderly patient
with MR requires a wide range of clinical diagnostic skills.
Indeed, probably no other patient population challenges
the clinician with such a complex interplay of neuropsychi-
atric, psychological, and social factors. The clinician
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repeatedly faces the challenge of diagnosing a specific
DSM-IV or ICD-10 disorder in which clinical manifesta-
tions are obscured or modified by a premorbid develop-
mental disability. Bearing in mind the complexity of
achieving a valid neuropsychiatric diagnosis, a few guiding
principles are helpful when evaluating any behaviorally
disturbed patient with MR:

Individuals with MR have the same psychiatric disorders
as those found in the general population. As many as
40%–70% of individuals with MR have a diagnosable
psychiatric disorder, yet their behavioral distur-
bances are frequently dismissed by clinicians as sim-
ply being a manifestation of the patient’s premorbid
developmental disability. This failure to identify a
specific psychiatric disorder inevitably results in a
downward spiral of ineffective behavioral strategies
or inappropriate psychopharmacological interven-
tions.
Wherever possible, psychiatric diagnoses should be made
using DSM-IV behavioral checklists and behavioral ques-
tionnaires developed specifically for individuals with MR.
DSM checklists have been demonstrated to be more
sensitive and specific than either case record reviews
or clinical interviews in making a definitive psychiat-
ric diagnosis. These behavioral checklists do, how-
ever, have the disadvantage of being skewed toward
current or recent behaviors. In addition, the patho-
logical significance of a behavior may be unclear in
the case of a person with a developmental disability
(Sturmey 1993). Two behavioral questionnaires, the
Psychopathology Instrument for Mentally Retarded
Adults (PIMRA) (Mattson et al. 1984) and the Diag-
nostic Assessment for the Severely Handicapped
(Mattson et al. 1991), are specifically designed to
identify behavioral disorders in the mentally retarded
and have demonstrated adequate reliability and inter-

nal consistency. Ideally, the clinical assessment of
behaviorally disturbed individuals with MR should
employ one of these behavioral checklists in conjunc-
tion with a thorough clinical evaluation.
The clinical presentation of psychiatric disorders in the pa-
tient with MR are modified by his or her comorbid
neurodevelopmental disorder. Most people with MR
possess an extremely limited repertoire of behavioral
responses. Different subjective states and environ-
mental stressors are therefore likely to produce
overtly similar behavioral responses, thereby making
it difficult to identify the underlying primary psychi-
atric disorder or the person’s subjective behavioral
state. The pathoplastic effects of MR and their im-
pact on the phenomenology of psychiatric disorders
have been elegantly distilled by Sovner (1986) (Table
21–1).
Patients with MR frequently manifest behavioral symp-
toms as the herald sign of an underlying physical com-
plaint. The limited behavioral repertoire of patients
with MR dictates that they often have difficulty in lo-
calizing the source of their subjective discomfort
(e.g., an ear infection can manifest as aggressive irri-
tability). Therefore, it is important that any neuro-
psychiatric evaluation should include a thorough
physical assessment (see Chapter 5 in this volume).
Individuals with MR are exquisitely sensitive to their so-
cial milieu. When taking a psychosocial history, the
clinician should carefully note all recent changes in
the patient’s history. Social changes that might nor-
mally be considered of little importance (e.g., change
of bus route or group home routine) can have an
enormous impact upon the patient with MR, who is
likely to respond poorly to any change in routine. It is
important that the clinician obtain a detailed
psychosocial history and be cognizant of the poten-
tial significance of apparently minor stressors.
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TABLE 21–1. Pathoplastic effects of mental retardation and their clinical impact

Factor Definition Clinical impact
Intellectual distortion Concrete thinking and impaired

communication skills
Inability to name and label subjective feeling state

Psychosocial masking Impoverished social skills and life experience Inappropriate social behavior can inhibit or
modify typical behavior markers for
psychopathology.

Cognitive disintegration Stress-induced disruption of information
processing

Cognitive disorganization can be difficult to
distinguish from psychopathology.

Baseline exaggeration Increase in severity of preexisting cognitive
deficits and maladaptive behaviors

Atypical clinical features can dominate (increase
in incontinence).

Source. Adapted from Sovner 1986.



The etiology of the patient’s developmental disability is of-
ten an important predicator of behavioral patterns and a
predictor of treatment responses. Although few
neurodevelopmental syndromes have a specific be-
havioral phenotype (e.g., Williams syndrome), an un-
derstanding of the patient’s neurodevelopmental
disorder is often helpful in developing a diagnostic
formulation and treatment plan. In particular, the cli-
nician should be alert to the consequences of seizure
disorders (see below).
Neurodiagnostic studies have only a limited role to play in
the clinical assessment of patients with MR. Patients with
MR, particularly those with more severe disability,
are usually unable to tolerate the claustrophobia or
inertia necessary to complete a neurodiagnostic study
such as a magnetic resonance imaging study or elec-
troencephalogram. This intolerance necessitates that
these studies are usually performed under general an-
esthesia or conscious sedation.
The groups of individuals or community agencies responsi-
ble for the care of patients with MR each have their own
group dynamics. The professionals and volunteers who
work with people who are mentally retarded have de-
veloped a remarkable network of competent agencies
that provide outstanding care, sometimes in ex-
tremely difficult circumstances. However, each of
these groups or agencies has its particular group dy-
namics. It is important that the clinician understand
the dynamics of each patient’s living situation, re-
garding staff and other residents. Changes in group
home membership or staffing will usually result in
significant stress and consequent behavioral change
among other group home residents. In some circum-
stances, it may be appropriate for the clinician to
work with several group home members or staff to
identify and treat maladaptive transactional patterns.
Treatment decisions should be driven by a specific diagnos-
tic hypothesis, and treatment response should be monitored
with quantified behavioral outcome data. All too often,
clinicians attempt to treat behavioral disorders in pa-
tients with MR by simply targeting the most promi-
nent symptom (e.g., aggression) rather than
developing a DSM-IV–based diagnosis. This symp-
tom-driven approach inevitably results in a series of
medication trials that has only a modest chance of
success. In addition to developing a solid testable di-
agnostic hypothesis, it is important that the clinician
and community caregivers work together to develop
measurable behavioral data that can be used to assess
treatment response. These data are necessary if the
clinician is to avoid the trap of reacting to each “cri-

sis.” For example, a single destructive act by an ag-
gressive patient may overshadow the fact that a
treatment has produced a 50% reduction in the fre-
quency of aggressive acts.

Medical Evaluation in the Elderly
Patient With Mental Retardation

It has been estimated that 20%–40% of patients with MR
who are diagnosed as having a chronic mental illness actu-
ally have one or more physical disorders that cause or exac-
erbate their neuropsychiatric symptoms (Ryan and
Sunanda 1997) (see Chapter 31 in this volume). A recent
community survey reported that people with MR who are
residing in the community have no more medical problems
than the general population (McDermott et al. 1997). In
stark contradiction to this finding, a survey of New Jersey
Medicare health care expenditures for acute care admis-
sions for alternate years between 1983 and 1991 found that,
although expenditures for the general population had actu-
ally dropped during this period, the number of admissions
and length of stay for individuals with MR had increased by
56% and 42%, respectively (Walsh et al. 1997). The total
hospital charges for people with MR during the period
1983–1991 rose 206%, almost twice that of the general
population (Walsh et al. 1997). These statistics suggest that
current health services for persons with MR are inefficient
and ineffective—a situation that is likely to increase with
the aging of the MR community. The increased utilization
of health care services by people with MR in this study was
found to be attributable to an increased number of psychi-
atric admissions and a significant number of “outliers” for
whom appropriate community placements could not be
found. In addition, elderly patients with MR were found to
have unusually long medical and surgical hospitalizations.
The authors concluded that these expenditure burdens
could have been reduced through coordinated case man-
agement and subsequent effective discharge planning
(Walsh et al. 1997). Fortunately, the fiscal inefficiencies
highlighted in the New Jersey study are likely to focus in-
creasing attention upon the needs of the MR community.

When evaluating the patient with MR, it should be
borne in mind that certain syndromes predispose the indi-
vidual to specific disorders (e.g., hypothyroidism with DS).
Ryan et al. (1997) recently reported the results of their sur-
vey of the medical problems of 1,135 adults with MR who
underwent an extensive medical evaluation (Ryan and
Sunanda 1997) (Table 21–2). Conditions that were most
likely to produce a behavioral disorder included epilepsy,
chronic arthritic pain, hypothyroidism, and lupus. This
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study highlights the importance of obtaining a thorough
medical evaluation of all patients with MR and also sug-
gests that the neuropsychiatrist may be the most appropri-
ate physician to assume the role of primary care provider.

The neuropsychiatrist may frequently encounter el-
derly patients with MR in whom the etiology of their
neurodevelopmental disability has not been previously as-
certained. Although certain phenotypic characteristics
make the identification of the disability clear (e.g., DS,
Angelman syndrome), in the large majority of patients no
specific syndrome can be identified. It is important, how-
ever, that the clinician be alert for those conditions that
have predictable neurobehavioral sequelae (e.g., tuberous
sclerosis, Angelman syndrome). The appropriate diagnos-
tic work-up to identify the etiology of MR in a particular el-
derly patient is open to debate. It is our experience that a
thorough history and physical examination provide an ade-
quate screen for those conditions that may warrant specific
therapeutic or diagnostic interventions (e.g., hydrocepha-
lus). Although genotyping may provide information re-
garding inheritability, it is unlikely to provide any helpful
clinical data.

Neuropsychiatric Disorders
in the Elderly Patient With
Mental Retardation

The research literature on the prevalence of neuropsychi-
atric disorders in the elderly with MR remains extremely

sparse. In addition, what data are available are confounded
by the fact that researchers have studied different patient
samples (e.g., community dwellers versus institutionalized
subjects) and employed varying and usually imprecise diag-
nostic methods (e.g., retrospective chart reviews versus di-
agnostic interviews) and outcome measures. Using a clini-
cal diagnostic interview, Day (1987) reported that
approximately one-fifth of 99 patients with MR over age 55
were experiencing a psychiatric disorder. Based on an in-
terview of patient caretakers, Lund (1985) reported that
30% of a random sample of 302 adults with MR met
DSM-III criteria (American Psychiatric Association 1980)
for a psychiatric disorder. A more recent report (Crews
1994), based on a diagnostic interview of 124 institutional-
ized patients with MR between the ages of 60 and 94, re-
ported that 12.9% had a dementing illness, 8.9% an affec-
tive disorder, and 6.5% schizophrenia (all according to
DSM-III-R criteria [American Psychiatric Association
1987]). As might be expected, the prevalence of neuropsy-
chiatric disorders is higher in the elderly population with
MR. Cooper (1997a, 1997b) has reported that the psychi-
atric morbidity among elderly patients with MR is 68.7%
compared with 47.9% in younger control subjects with
MR. In particular, the prevalence rate for depression (6%
versus 4.1%), anxiety disorders (9.0% versus 5.5%), and
dementia (21.6% versus 2.7%) is higher in the elderly pop-
ulation with MR (Cooper 1997b).

Myriad factors appear to be responsible for the in-
crease in psychiatric disorders among the elderly with MR.
The limited cognitive reserve of the patient with MR
makes him or her particularly vulnerable to manifesting
the clinical sequelae of dementia, which in turn is more
likely to manifest itself in behavioral rather than cognitive
symptoms (see discussion below). Furthermore, underly-
ing neurological dysfunction linked to the patient’s devel-
opmental delay can also produce progressive functional
decline; for example, the consequences of repeated seizures
and anticonvulsant medication. Unfortunately, as a conse-
quence of self-injurious behavior (SIB) or assault, many pa-
tients with MR experience repeated minor neurotrauma
throughout their lives—producing a cumulative decline in
cognitive capacity (see Chapter 28 in this volume). In addi-
tion to physical burden, factors such as social stigmatiza-
tion, isolation, loss of loved ones and unstable support sys-
tems are all likely to place an increasing psychosocial
burden upon the elderly person with MR and increase his
or her vulnerability to psychiatric illness.

Depression
Adults with DS appear to be more susceptible to depression
and dementia, but less susceptible to other psychiatric dis-
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TABLE 21–2. Most common medical conditions
seen in a cohort of adults with
mental retardation referred for
psychiatric evaluation

Condition Percentage of cases
Epilepsy 45.8%
Hypothyroidism 12.7%
Gastroesophageal reflux 9.7%
Chronic pain 6.3%
Abnormal electroencephalogram 5.4%
Autoimmune arthritis 5.0%
Hypertension 4.7%
Scoliosis 4.1%
Peptic ulcer disease 4.0%
Insulin-dependent diabetes mellitus 3.5%
Asthma 3.0%

Source. Adapted from Ryan and Sunanda 1997.



orders, compared with the general population of individu-
als with MR (Collacott et al. 1992). Although depression
may be causally related to hypothyroidism, this association
has not been established in patients with DS (Collacott et
al. 1992). In addition, although the stereotypic character-
ization of people with DS as happy, loving, and outgoing
may be exaggerated, they do appear to manifest a lower in-
cidence of conduct disorders, psychosis, and aggression
than other people with MR (Collacott 1992).

Research on the prevalence and clinical characteristics
of depression in adults with MR has been largely neglected,
and what studies have been undertaken have produced con-
flicting results. Factors that have led to this confusion in-
clude 1) the belief that individuals with impaired intelli-
gence and an immature ego-defense are incapable of
becoming depressed, 2) the inability of many patients with
MR to provide a subjective report of their depression, and
3) the unusual clinical features of depression in individuals
who are severely retarded.

The symptoms of depression in adults with MR are
likely to differ from those of the general population. In par-
ticular, the person with MR who is depressed is less likely to
report subjective feelings of sadness, hopelessness, and
guilt and is more likely to manifest external behavioral
manifestations such as irritability, aggression, SIB, and de-
clining function (Charlot 1997). This differential in clini-
cal symptomatology is further emphasized in people with
more severe degrees of intellectual handicap who are statis-
tically more likely (than those who are mildly retarded) to
exhibit SIB, screaming, stereotypy, incontinence, and
vomiting. Although no data are available, patients with MR
who are experiencing the additional burden of age-related
cognitive deficits or a neurodegenerative disorder are also
more likely to exhibit these atypical features of depression.

Sovner (1986) has recommended behavioral criteria
for the diagnosis of depression in subjects with MR. Under
these criteria, a diagnosis of depression is made if there is a
disturbance of mood characterized by sadness, withdrawal,
or agitation and any four of the following eight symptoms:
1) change in appetite or weight, 2) onset or increase in se-
verity of SIB, 3) apathy, 4) psychomotor retardation, 5) loss
of activity of daily living skills (e.g., onset of incontinence),
6) catatonic stupor or rigidity, 7) spontaneous crying, and
8) fearfulness. (In patients with a family history of depres-
sion, only three symptoms are required). Although these
criteria have not been validated empirically, they do pro-
vide a useful reference point for assessing the presence of
depression in the person with MR.

Contrary to commonly held beliefs, the depressed per-
son with MR is at risk for suicidal ideation and behavior.
The only systematic study in this regard reported that 30%

of the patients with depression who were mildly retarded
and 8% of patients with depression who were severely re-
tarded experienced suicidal ideation or attempts (Meins et
al. 1995).

As discussed above, the atypical clinical features asso-
ciated with depression in the patient with MR have made
research in this area fraught with difficulties. These meth-
odological difficulties are reflected in the conflicting re-
sults of epidemiological studies. Community studies have
reported that the population with MR experiences a re-
duced prevalence of depression compared with that of the
general population, that is, 1.7% (Lund 1985) compared
with 5.4% (Corbett 1979), respectively. In the only study of
the prevalence of depression in the elderly population with
MR residing in the community, Cooper (1997a) has re-
ported that they are more likely to be diagnosed as having
depression than their younger counterparts (6% versus
4.1%, respectively).

Within institutions, the frequency of affective disor-
ders has been reported as between 1.2% (Heaton-Ward et
al. 1977) and 24.4% (Duncan et al. 1936). The study with
the soundest methodological design (i.e., employing a psy-
chiatric interview and DSM-III-R criteria) reported a
prevalence of 8.4% for affective disorders in adults with
MR who were residing in institutions (Sansom et al. 1994).

Although a number of case reports have described the
efficacy of antidepressants in treating depression in indi-
viduals with MR, no controlled studies have addressed this
question (Davis et al. 1997; Rummans et al. 1999). In a re-
cent review of the research literature, Mikkelson et al.
(1997) reached the following generalizations about the use
of antidepressants in patients with MR: 1) patients with
MR experience a positive response and adverse side effects
at lower doses than are typically demonstrated in the gen-
eral population, 2) adverse behavioral responses to antide-
pressants occur in 5%–20% of subjects, 3) hallucinations
and delusional thought content are related to either an
adverse response or no response to antidepressant medica-
tion, and 4) serotonergic agents appear to be better toler-
ated and more effective antidepressants than nor-
adrenergic medication (Mikkelson et al. 1997).

The phenomenology and demographic characteristics
of bipolar affective disorder in the elderly with MR remain
unexplored. The limited data available suggest only that
patients with MR and bipolar disorder are less likely to re-
spond to lithium than to anticonvulsant mood stabilizers.

A small literature of uncontrolled clinical reports (and
our clinical experience) also suggest that electroconvulsive
therapy may be an effective and well-tolerated treatment
for mood disorders in patients with MR (Krystal and
Coffey 1997). Electroconvulsive therapy may also be effec-
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tive for self-injurious and other aggressive behaviors (see
below) when they occur secondary to a mood disorder in
patients with MR.

Anxiety Disorders

Estimates of the prevalence of anxiety disorders within the
population with MR vary between 1% and 25% (Benson et
al. 1985; Eaton and Menolascino 1982). This wide variance
in estimated prevalence reflects the difficulty in assessing
both the subjective and objective clinical features of anxiety
disorders in patients with MR.

Generalized anxiety disorder in persons with MR
typically presents as an increase in maladaptive and
oppositional behaviors, increased somatization, nausea,
shortness of breath, and fatigue and can become the impe-
tus for a downward spiral in social functioning (Khreim and
Mikkelson 1997). Clinically, it is helpful to remember that
the person with MR is likely to experience fears similar to
those of children at a similar developmental stage (Duff et
al. 1981; Vandenberg 1993). Behavioral therapy remains
the mainstay of treatment for generalized anxiety disorder,
and although several psychotropic agents including
buspirone and clonazepam have received anecdotal sup-
port (Khreim and Mikkelson 1997; Ratey et al. 1989), no
controlled studies have addressed the issue of drug therapy
for general anxiety disorders in people with MR (see Chap-
ter 15 in this volume).

Because in most cases it is not possible to assess the
presence of cognitive obsessions, the diagnosis of obses-
sive-compulsive disorder in the patient with MR relies pri-
marily upon the observation of compulsive ritualistic be-
havior. Distinguishing compulsive rituals from stereotypic
motor behaviors, perseveration, and stimulus-bound re-
sponses presents the clinician with a formidable challenge.
Furthermore, virtually every person with MR feels most
comfortable in a well-structured routine, and the anxiety
they experience when their schedule is disrupted may be
misinterpreted as indicating compulsive behavior. Case
studies have reported that clomipramine and sertraline are
effective treatments for obsessive-compulsive disorder in
patients with MR (Barak et al. 1995).

Although specific phobias are thought to occur more
commonly among individuals with MR, the incidence of
this disorder in this population remains unknown (Vitiello
and Behar 1992). The authors’ experience suggests that
school and workplace phobias, social phobia, and specific
phobias produce significant psychiatric morbidity in the
patient with MR and result in a downward spiral of
oppositional behavior, somatization, and diminishing
functional status. Specific phobias, agoraphobia in particu-

lar, are likely to be prevalent among the elderly population
with MR who tend to have limited social interactions or are
likely to be intimidated by younger, more aggressive resi-
dents in institutional settings. Panic disorder should of
course be considered as an historical antecedent to the de-
velopment of any specific phobia.

The physical and emotional vulnerability and limited
cognitive coping capacity of the person with MR, as well as
the difficult and sometimes abusive environments they
have encountered in institutional and community settings,
would suggest that they are at extreme risk for developing
posttraumatic stress disorder (PTSD). The prevalence of
PTSD within the MR community remains unknown, de-
spite the predictable susceptibility to PTSD of persons
with MR. As with other psychiatric disorders, the patho-
plastic effects of MR upon the clinical manifestations of
PTSD render the diagnosis extremely difficult to make.
However, a close review of the clinical cornerstones of the
disorder, that is, hyperarousal, intrusive memories, flash-
backs, reenactments, and interpersonal irritability, will as-
sist in distinguishing the disorder from other causes of ag-
gression (Ryan 1994, 1996).

Dementia

The identification of dementing illness in individuals with
MR presents the clinician and researcher with major chal-
lenges. Although attempts are under way to establish stan-
dard assessment and diagnostic criteria, currently no gold
standard exists for the diagnosis of dementia in the person
with MR (Aylward et al., in press).

The increasing life span of people with MR dictates
that they will experience an increasing incidence of demen-
tia. A recent study (Holland et al. 1998) of all elderly (i.e.,
> 65 years) residents of Leicestershire, United Kingdom,
who were mentally retarded reported a dementia preva-
lence of 21.6% (against an expected prevalence of 5.7% in
the general population). The prevalence of dementia was
found to increase with advancing age. Because this cohort
contained few patients with DS, other reasons for the in-
creased prevalence of dementia need to be identified, that
is, decreased cognitive reserve, progressive neurological
disorders (e.g., hydrocephalus, seizures), acquired
neurotrauma, and medication effects.

Patients with MR who have a comorbid dementing
process are likely to present to clinicians with a decline in
functional capacity or with behavioral symptoms (Cooper
1997a). Psychotic symptoms with persecutory content are
the most common neuropsychiatric symptoms in dementia
associated with MR and occur in 27.6% of patients (Coop-
er 1997a). In addition, the patient with MR and dementia is
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likely to exhibit or experience disrupted sleep, irritability,
social withdrawal, aggression, and weight loss (Ballard and
Oyebode 1995; Moss and Patel 1995).

The linkage between DS and AD is well established.
Several studies have reported that AD-like neuro-
pathological changes occur in virtually all subjects with DS
over age 30. The earliest changes of AD (i.e., cerebral amy-
loid deposition) appear to begin as early as age 10 (Mann
and Esiri 1989). The prevalence of AD in patients with DS
has been reported at 3.4%, 10.3%, and 40% in the 30–39,
40–49, and 50–59 age groups, respectively (Holland et al.
1998). The association between AD and DS is further
strengthened by the finding of an increased risk of AD
among the relatives of individuals with DS (Heston et al.
1981). These findings suggested that chromosome 21
might be a possible locus for a candidate gene for familial
AD—an association further supported by the identifica-
tion of the gene responsible for B-amyloid production on
chromosome 21 (q11-q22). Royston et al. (1994) have re-
ported a correlation between the presence of dementia and
the presence of diffuse and classic amyloid plaque forma-
tion in the temporal cortex of 21 patients with DS. These
findings have led to the hypothesis that excess amyloid pro-
duction or abnormalities in the processing of amyloid pro-
tein and its subsequent deposition are the critical pathol-
ogy underlying the pathophysiology of AD. Abnormalities
in the distribution of paired helical filament tau protein
have also been postulated as an etiological factor in AD, as
evidenced by one study that reported a significant reduc-
tion in tau protein in patients with DS and dementia, but
not those without dementia (Mukaetova-Ladinska, in
press). The connection between the apolipoprotein E ge-
notype and AD in DS remains unclear. A recent review of
published studies indicates that the risk of the individual
with DS of developing AD is probably not influenced by
her or his E genotype (Cooper 1998). The possible thera-
peutic benefits of cholinesterase inhibitors in subjects with
MR with depression remains to be explored. (Also see
Chapter 24 in this volume.)

Self-Injurious Behavior and
Stereotypic Movement Disorder

SIB in the patient with MR has a number of possible etiolo-
gies, including depression, psychosis, stereotypic move-
ment disorder, and hyperarousal states including PTSD. In
its broadest sense, SIB could be used to cover a wide range
of behaviors including self-destructive acts such as smok-
ing or risk-taking behavior. However, in the context of MR,
the term SIB is most commonly used to describe the repeti-
tive, sometimes rhythmic acts that are characteristic of ste-

reotypic movement disorder (SMD) and produce concom-
itant self-injury. Head banging, head hitting, eye gouging,
biting, and scratching are the most common stereotypic
(and self-injuring) behaviors encountered in individuals
with MR. SMD occurs in more than 50% of the population
with MR, and the incidence of SMD is inversely related to
the subjects’ degree of MR (Stein et al. 1998). The inci-
dence of SIB and SMD appears significantly lower in older
compared with younger subjects with MR (Stein et al.
1998). Several neurodevelopmental disorders, including
autism, pervasive developmental disability, Lesch-Nyhan
syndrome, Cornelia de Lange syndrome, and Prader-Willi
syndrome, are characterized by SMD.

A number of theories have been developed to under-
stand the functional utility of SMD. Psychological con-
structs posit that the rhythmic movements represent the
individual’s attempt to reenact an idealized nurturing rela-
tionship with the mother. One behavioral model of SMD
suggests that, through their ability to modulate arousal, the
behaviors are reinforcing and therefore self-propagating.
Another behavioral model suggests that SMD represents a
form of displacement behavior that the subject uses to re-
duce the anxiety produced in situations that engender
helplessness.

Although the biochemical basis of SMD still remains
to be elucidated, the abnormalities in striate dopaminergic
innervation found in rhesus monkeys who have been sepa-
rated from their mothers early in life have supported the
hypothesis that SMD is a consequence of dopaminergic
supersensitivity within these striatal systems. In support of
this hypothesis, high doses of methylxanthines produce
SMD in animals through an effect thought to be mediated
through striatal D2 receptors. Haloperidol has been shown
to be effective in reducing stereotypic behaviors in cats and
pigs (Willemse 1992; von Burrell and Hurnik, 1991). The
efficacy of selective serotonin reuptake inhibitors (SSRIs)
and the association of SMD with conditions believed to in-
volve dysregulation of serotonergic systems (e.g., autism,
Cornelia de Lange syndrome) have provided indirect evi-
dence that serotonergic dysregulation plays an important
role in the genesis of SMD.

Two primary hypotheses have been posited to suggest
a pivotal role for endogenous opiates in the genesis of
SMD. The excessive opioid hypothesis suggests that SMD oc-
curs as a consequence of excessive endogenous opiate re-
lease that raises the subject’s pain threshold (Hermann et al.
1989). The alternate hypothesis, opiate addiction hypothesis,
suggests that SMD elicits self-reinforcing opiate release
and subsequent dependence upon the reinforcing motor
trigger (Cataldo and Harris 1982). In support of these opi-
ate hypotheses, increased plasma enkephalin levels have
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been found in subjects with MR (Sandman 1988). The re-
sults of studies on the clinical efficacy of opiate antagonists
remain inconclusive, with various studies on naltrexone re-
porting that the drug is effective in 0%–50% of subjects
with SIB (Bauermeister et al. 1993; Sandman et al. 1993).
Those studies that have documented that naltrexone is ef-
fective have noted, however, that the opiate antagonist is
effective in reducing the subject’s SIB but not any associ-
ated SMD (Sandman et al. 1993). In addition, it is impor-
tant to appreciate that many patients receiving opiate an-
tagonists will exhibit an increase in SIB (i.e., preextinction
burst) before administration of the medication reducing
these behaviors.

The pharmacological management of SMD remains
poorly studied and consequently somewhat controversial.
Several studies have reported that typical antipsychotics
exert a selective effect in inhibiting SMD without produc-
ing any significant sedation or deterioration in general
function (Aman et al. 1989; Cohen et al. 1980; Heistad et al.
1979). Several other studies have reported that, although
neuroleptics are effective in reducing SMD, their efficacy
comes at the price of reducing the patient’s overall func-
tional capacity (Anderson et al. 1982; Campbell et al.
1982). A recent open-label study reported that risperidone
was effective in reducing SIB and aggressive behavior in a
small case series of 13 patients (Khan 1997). Although the
clinical efficacy of other currently available atypical
neuroleptics (i.e., olanzapine and quetiapine) in SMD has
not been formally studied, our clinical experience indicates
that olanzapine, in particular, may have significant efficacy
in this regard. In our experience, the potent sedating and
anticholinergic side effects of clozapine limit its use in
many patients with MR.

Several studies have confirmed that the SSRIs are ef-
fective in reducing self-injurious stereotypic behaviors
such as trichotillomania and nail biting (Gordon et al.
1993; Sovner 1993; Swedo et al. 1993) in patients with SIB
who are autistic (McDougle et al. 1996). The serotonergic
tricyclic clomipramine has been shown to be superior to
desipramine (a predominantly noradrenergic reuptake in-
hibitor) and placebo for the treatment of SMD
(Castellanos et al. 1996; Garber 1992; Lewis 1996).

One study has reported the efficacy of valproic acid in
reducing SIB in 12 of 18 patients (Kastner et al. 1993).
Clinical response in this study was associated with a history
of seizure disorder and affective symptoms. Two small
studies have reported that the β-blockers propranolol
(dose range 90–410 mg/day) and pindolol (40 mg/day)
were effective in reducing SIB in small samples of patients
with MR (Luchins and Dojka 1989; Ratey and Lindem
1991).

In summary, although SMD and SIB are extremely
common and disabling symptoms in patients with MR,
their pharmacological treatment remains in its infancy.
The development of animal models of stereotypy promise
to provide new insights into the neurobiology and treat-
ment of these disorders (Stein and Simeon 1998).

Behavioral modification techniques provide a safe and
effective treatment of SMD and SIB that is unfortunately
increasingly overlooked (Ammerman 1998; Keuthen and
O’Sullivan 1998). Unfortunately, these behavioral ap-
proaches are often construed to involve aversive tech-
niques that have been “outlawed” within the MR commu-
nity. Research data indicate that behavioral modification
techniques are effective in reducing SMD, provided the in-
tervention is developed by a skilled behavioral analyst who
is able to perform a detailed functional assessment of the
particular behaviors and select appropriate behavioral in-
terventions (Keuthen and O’Sullivan 1998). These pro-
grams are expensive to implement, however, and require
the cooperation of the patient’s entire social milieu.

Aggression

Aggression toward others and destruction of property is
extremely common among people with MR and has been
reported to occur in 30% of the residents of public facilities
and in 16% of community facilities (Hill and Bruinicks
1984). Aggression is the most frequent reason why persons
with MR are admitted to psychiatric facilities or are pre-
scribed psychotropic medications. Despite the magnitude
of the problem and its devastating impact on individuals
and public health resources, little is known about its etiol-
ogy and treatment in persons with MR. It is our clinical ex-
perience that these behaviors frequently persist or increase
in late life and are the genesis of significant social morbidity
among this group.

A number of studies have addressed the efficacy of
psychotropic medications in reducing aggression in per-
sons with MR. Unfortunately all of these studies share the
same methodological pitfall, that is, they fail to appreciate
that, rather than representing a unitary disorder, aggres-
sive behavior in the person with MR may be the manifesta-
tion of distinct psychopathological processes. Given the
heterogeneity of aggression within the population with
MR, any attempt to undertake a clinical trial of any single
psychotropic agent in a sample of patients with MR who are
aggressive is likely to produce conflicting results.

Numerous studies have reported that neuroleptics (in-
cluding thioridazine, trifluoperazine, haloperidol,
chlorpromazine, and clopenthixol) are effective in reduc-
ing aggressive behavior (Bauermeister et al. 1993; Kiernan
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1995; Rubin 1997). However, in virtually all studies, in ad-
dition to reducing aggressive behaviors, neuroleptics have
been reported to produce a decline in the patient’s func-
tional status (Bauermeister et al. 1993). Limited case series
have reported that clozapine is helpful in reducing the ag-
gression of patients with MR who have any of a wide range
of psychiatric disorders (Cohen and Underwood 1994).

Although at least 10 published studies have addressed
the efficacy of lithium in aggression in MR, only two of
these were methodologically sound (Bauermeister et al.
1993). All these studies have reported that lithium is effec-
tive in reducing aggressive behavior with particular suscep-
tibility to the drug’s side effects (Bauermeister et al. 1993).

Several recent reports have indicated that SSRIs may
be effective for aggressive behavior—most particularly in
patients with autism (Markowitz 1992; McDougle et al.
1997). Other medications that have been reported (in
poorly controlled studies) to be beneficial in treating ag-
gression in MR include propranolol, reserpine, and diaze-
pam (Bauermeister et al. 1993).

The association between depression and aggression
has been described above. Reiss et al. (1993) reported an in-
cidence of depression of 8.9% among 528 individuals with
MR who were receiving community-based services. Of
particular note, 40% of subjects with depression exhibited
aggressive behavior compared with 10% of nondepressed
subjects. Charlot et al. (1993) reported that, within a cohort
of 16 subjects with MR with depression, 75% displayed ag-
gressive behavior and 50% displayed SIB. The aggression
exhibited by these subjects with MR with depression was
characterized by interpersonal irritability, dysphoria, and
frequent remorse. It is interesting to note that “irritable”
mood is an acceptable alternative for the DSM-IV diagnos-
tic criteria for depression in children. Although the issue
has not been scientifically assessed, one can reasonably as-
sume that the aggression associated with depression should
respond to effective antidepressant treatments.

Sociopathic behavior represents an important cause of
aggressive behavior in MR. As in any other social group,
people with MR who live together will develop hierarchical
patterns of dominance and subordination. Changes in the
social milieu, challenges to the social hierarchy, or the ar-
rival of new members into the community will result in
power struggles that frequently manifest as aggression.
This predatory aggression is typically directed toward a
particular individual or individuals and is purposeful, sus-
tained, nonstereotypic, not associated with remorse, and is
“cold-blooded” (i.e., there are no associated autonomic
symptoms). It is important that predatory aggression be
distinguished from other forms of aggression so that be-
havioral, rather than pharmacological, interventions can

be established. In our experience, elderly patients with MR
are typically the victims, rather than the perpetrators, of
predatory aggression.

Because some patients with MR may have sustained
neurotrauma, they are likely to exhibit the intermittent,
stimulus-bound, short-lived, explosive aggression stem-
ming from damage to the orbitofrontal cortex. In addition
to behavioral interventions, SSRIs appear to be the treat-
ment of choice for reducing disinhibited violence (Ranen
et al. 1996). (Also see Chapter 22 in this volume.)

Seizure Disorders

The epidemiology of seizure disorders in the elderly popu-
lation with MR has not been studied. However, an extrapo-
lation of data available in the younger population with MR
suggests that seizure disorders are a significant problem
that produces major behavioral and physical morbidity. Al-
though the data remain contradictory, the overall preva-
lence of epilepsy in mild MR is approximately 15% and in-
creases to at least 30% in patients with severe MR
(Sillanpaa 1996). As one would expect, the prevalence of
epilepsy is higher in institutionalized patients and in those
with cerebral palsy or specific congenital disorders associ-
ated with seizures (e.g., Angelman syndrome, West’s syn-
drome, tuberous sclerosis). As many as 75% of patients
with DS and comorbid AD experience seizures (Collacott
1993). Recurrent partial and generalized seizures occur in
25% of patients with fragile X syndrome, many of whom
live into old age (Forsgren et al. 1990).

Attempts to classify seizures in the patient with MR ac-
cording to the classification system of the International
LeagueAgainstEpilepsyare fraughtwithdifficulties.Mariani
etal. (1993)reportedthat theywereable tospecificallyclassify
the seizure type of only 28% of their sample of patients with
MR. Convulsive status epilepticus appears to be more com-
mon in this patient population, with one study reporting an
incidence of 18.7%. The differential diagnosis of paroxysmal
alteration in consciousness is outlined in Table 21–3.

Pseudoseizures appear to be more common in patients
with MR with or without epilepsy, and making the diagno-
sis presents the clinician with a formidable challenge. Al-
though some clinical characteristics aid in distinguishing
pseudoseizures from epilepsy (e.g., duration > 3 minutes,
gradual termination, absence of cyanosis, whole-body ri-
gidity, pelvic thrusting, absence of a postictal confusion), a
definitive diagnosis of pseudoseizures is usually difficult to
reach. In particular, temporolimbic or frontal partial
seizures can mimic pseudoseizures and can be difficult to
diagnose even with videotelemetry, prolactin assays, and
depth electrode studies.
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Patients with MR who experience seizures are more
likely to demonstrate behavioral problems such as aggres-
sion, emotional lability, and SIB compared with matched
control subjects (Hermann 1982). The largest study in this
regard reported that, of patients with MR who had sei-
zures, “behavior disorders” occurred in 40%; “temper tan-
trums” in 38%; hyperkinesis in 30%; and “autism” in 15%
(Corbett et al. 1975). The relationship of seizures to sec-
ondary thought, mood, and personality disorders in per-
sons with MR has not been investigated.

The effective treatment of epilepsy in patients with
MR demands a team approach that takes into account the
physical and psychological antecedents and sequelae of the
patient’s seizures. Caretakers should be educated to iden-
tify unusual seizure events such as staring or motor
automatisms and are important allies in identifying and
avoiding environmental seizure precipitants. The vulnera-
bility of the patient with MR to the adverse effects of
anticonvulsants presents the clinician with difficult phar-
macological challenges. In particular, agents with sedating

side effects (e.g., phenobarbitone, phenytoin) are seldom
tolerated and typically produce an unacceptable decline in
functional status (Corbett et al. 1985). In addition, the pa-
tient with MR and seizures is likely to be sensitive to the
ataxic side effects of anticonvulsants. A recent case series
described five patients who developed unprovoked aggres-
sive behavior after starting lamotrigine to control their sei-
zures (Beran and Gibson 1998). Wherever possible, the cli-
nician should attempt to employ monotherapy with an
anticonvulsant known to exhibit positive psychotropic ef-
fects (e.g., carbamazepine, valproic acid, vigabatrin,
gabapentin). However, despite the best efforts of the treat-
ment team, epilepsy in the patient with MR is likely to pre-
sent a formidable therapeutic challenge (also see Chapter
29 in this volume).

Conclusion

In this chapter, we attempt to provide a broad overview of
the neuropsychiatric assessment and treatment of elderly
patients with MR. Although the scientific foundations of
clinical practice remain sparse, by adhering to the basic
principles of a thorough clinical assessment and close mon-
itoring, the clinician can provide effective, respectful, and
safe care to a population whose needs have been overlooked
for too long.
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Aggression

Constantine G. Lyketsos, M.D., M.H.S.

Human aggression is a complex topic be-
cause of uncertainties in defining the

term, because of limited understanding of the underlying
neuroscience, and because the environmental contribu-
tions to the development of the aggression are also not
well delineated. Knowledge regarding aggression among
the elderly is further limited by the relative absence of spe-
cific research in this age group. Thus, it is necessary to ex-
trapolate knowledge from younger samples to develop a ru-
dimentary understanding of aggression in the elderly. The
reader should keep in mind that inferences drawn from the
young might not always apply to the old. Nevertheless,
from the existing literature, it does appear clear that aggres-
sion in the elderly is strongly associated with the presence of
neuropsychiatric disorders, particularly dementia.

In this chapter, I focus on physically aggressive behav-
ior (PAB), defined as any observable behavior that threat-
ens to or actually inflicts harm on an individual or on an in-
animate object. This definition does not require intent to
harm because of the difficulty in ascertaining intent among
the elderly, particularly those with dementia. Additionally,

this definition excludes other behaviors among the elderly
that have been described as “agitated,” such as non-
threatening verbal outbursts, wandering, intrusiveness,
uncooperativeness, or other aberrant motor behaviors (see
Chapter 24 in this volume). In this chapter, I do not discuss
aggression directed against the elderly. Although an im-
portant public health problem, aggression directed at the
elderly is usually perpetrated by younger persons, placing it
beyond the scope of this chapter.

The impact of PAB on elderly patients and those
around them should immediately be apparent. Physically
aggressive elderly patients are at greater risk of harming
themselves and others. Additionally, they are much more
likely to be restrained, treated with medications, hospital-
ized, or placed in an institutional setting such as a nursing
home (see Chapter 37 in this volume). Similarly, the care of
physically aggressive elderly patients is much more labor
intensive for direct care providers, whether family or pro-
fessional, and for clinicians and psychiatrists. Thus, physi-
cally aggressive behavior in the elderly represents a serious
clinical problem.

Supported in part by National Institute of Mental Health Grant 1R01-MH56511 and by the Copper Ridge Institute. The author is
grateful to Cynthia Steele, R.N., M.P.H., for her comments and to Betty Burgeois for preparing this chapter for publication.
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In this chapter, I begin with a consideration of the epi-
demiology of PAB in the elderly as well as its risk factors. A
discussion follows of the etiology of PAB by applying the
epidemiological causal model of host, agent, environment. A
segment on the evaluation and differential diagnosis of ag-
gression in the elderly is next, and then I conclude with a re-
view of management approaches for aggression in the el-
derly. Every effort is made to base the content of this
chapter on the empirical literature. Where there are limi-
tations in the available evidence, the discussion is based on
the aggression literature in nonelderly populations and on
my clinical experience.

Epidemiology

Direct estimates of the prevalence and incidence of PAB
among the elderly are not available, and essentially no liter-
ature exists on incidence. The general population preva-
lence is probably approximately 10–20 cases per 1,000 el-
derly people. This indirect estimate is derived from the
prevalence of aggression among a random sample of com-
munity-residing elderly persons with dementia in the
United Kingdom (Burns et al. 1990). Another indirect esti-
mate comes from the Cabe County Study of Memory in
Aging. In that study, 1,002 elderly residents underwent
comprehensive neuropsychiatric evaluations and were also
rated on the Cummings Neuropsychiatric Inventory.
Those without dementia had a prevalence of “agitation-
aggression” of 3% (19/672), and those with dementia had a
prevalence of 24% (78/330) (Lyketsos et al., unpublished
observations, 1999).

Prevalence data from clinical settings are much more
widely available. Almost all are from studies of individuals
who have cognitive impairment. Most studies reviewed in-
volve small samples (N < 100), although a few included a
sample size of several hundred.

From community-residing samples, typically of pa-
tients who attend geriatric, geropsychiatric, or dementia
clinics, it is estimated that 10%–15% of elderly had been
physically aggressive in the past month, and that
15%–30% had been physically aggressive in the past year
(Aarsland et al. 1996; Deutsch et al. 1991; Eastley et al.
1997; Gibbons et al. 1997; Gilley et al. 1997; Hamel et al.
1990; Malone et al. 1993; Mendez et al. 1990; Paveza et al.
1992; Ryden 1988; Shah 1993; Swearer et al. 1988; Tsai et
al. 1996). Some estimates suggest that as many as
50%–60% of elderly patients had been aggressive in the
past year (Patel and Hope 1993; Ryden 1988). In our study
of community-residing outpatients with dementia, by us-
ing a strict definition of physically aggressive behavior we

found that 15% of patients had been aggressive in the past 2
weeks (Lyketsos et al. 1999a).

Samples from nursing homes indicate a somewhat
higher prevalence of PAB among elderly patients, with es-
timates ranging from a low of 23% (Zimmer et al. 1984) to a
high of 91% for all types of aggressive behavior (Winger et
al. 1987) (see Chapter 37 in this volume). The most consis-
tent estimates suggest that PAB is exhibited by 40%–48%
of nursing home residents over a year’s time (Chandler and
Chandler 1988; Rovner et al. 1986).

Hospital samples from geropsychiatric units indi-
cate that between 20% (Burns et al. 1990) and 47% of el-
derly are physically aggressive (Rabins et al. 1982).
Thus, although physical aggression is uncommon in the
community, it is a frequent problem in specific clinical
samples.

Studies of the characteristics of PAB among elderly
persons have also been reported. In most of these studies, it
is unclear what proportion suffered from dementia and
what proportion did not. However, it is likely that most el-
derly in these samples had dementia because these were
studies from clinical settings, such as nursing homes or ge-
riatric psychiatry clinics, where the prevalence of dementia
is high.

Physical aggression among the elderly usually takes
the form of pushing, shoving, kicking, pinching, or hitting
(Cohen-Mansfield and Billing 1986; Patel and Hope
1993). Less frequent are biting, scratching, and destroying
property (Cohen-Mansfield and Billing 1986; Patel and
Hope 1993). Occasionally, elderly patients will trip others,
hit themselves, or bang on tables and walls (Co-
hen-Mansfield and Billing 1986; Patel and Hope 1993).
Male elderly patients will also at times exhibit what has
been described as “sexually aggressive behaviors,” usually
meaning grabbing the breasts of women or slapping
women on the buttocks (Cohen-Mansfield and Billing
1986; Patel and Hope 1993). These physically aggressive
behaviors have been found to be distinct from the other 11
“agitated” behaviors in the elderly in factor analytic and
similar studies (Cohen-Mansfield and Billing 1986; Patel
and Hope 1992).

Precise estimates of the frequency of individual behav-
iors (e.g., hitting) are rare and depend on the clinical set-
ting. Ryden (1988) reported that, over a year’s time, 27% of
elderly persons with dementia in the community exhibited
threatening or physical aggression at some point: 26%
pushed or shoved, 24% threw an object, 16% damaged
property, 14% pinched or squeezed, and another 14% hit.
Other aggressive behaviors were much less frequent. In
contrast, in a nursing home study (Malone et al.
1993)—with prevalence of dementia uncertain—it was re-

478 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



ported that 57% of aggressive behaviors consisted of hit-
ting; 17% of grabbing or throwing; 6% of kicking; 6% of
punching; 5% of pushing; 5% of scratching; and 2.1% of
biting.

A different study (Bridges-Parlet et al. 1994) investi-
gated to whom the physically aggressive behaviors in a
nursing home were directed. Here too, the prevalence of
dementia in the sample was unknown. Eighty-two percent
of PAB was directed toward nursing staff, and 18% was
directed toward other nursing home residents. Fifty-four
percent of PAB occurred during personal care, such as
bathing, dressing, grooming, etc. Eighteen percent oc-
curred during redirection of the patient. Only 11% had no
apparent antecedent.

Evidence indicates two subgroups of elderly patients
who exhibit PAB. (This distinction probably applies best to
elderly with dementia.) First are the majority who engage
in few or infrequent aggressive acts, usually during daily
care. Second are a minority who commit repetitive and fre-
quent aggressive acts of a wide variety, who are hard to
manage, and who frequently require restraint. For exam-
ple, in a prospective, 1-year study of aggressive behaviors in
a nursing home, Malone et al. (1993) reported that, of a
sample of 349 residents (with the proportion with demen-
tia unknown), 47 exhibited PAB at some point during the
year. Of these, 6 patients (13%) accounted for 44% of all
PAB episodes, whereas the other 41 patients were aggres-
sive fewer than two times.

We had similar findings in routine resident surveil-
lance at Copper Ridge, a specialty residence that includes a
nursing home and an assisted-living facility for 126 persons
with dementia. At admission to the facility, approximately
28% of residents (of a sample of 116) had been aggressive in
the past week. After admission, 9 residents (7 of them men)
were responsible for 48% of aggressive acts over a year’s
time (M. Lavrisha, personal communication, May 1998).

With regard to the temporal characteristics of aggres-
sive episodes among the elderly, reports from nursing
home settings provide mixed results. One unreplicated
study (Meyer et al. 1991) reported an increased prevalence
of aggression in the winter months. Cohen-Mansfield and
Billing (1986), in their studies of “agitation” in nursing
home elderly, found that aggression was more likely to oc-
cur in the late afternoon and evening. In contrast, others
suggest that it is more common in the daytime, especially in
the morning (Meyer et al. 1991; Patel and Hope 1992). In
the surveillance of PAB at Copper Ridge (both in the as-
sisted-living and in the skilled nursing facility), no consis-
tent variation between daytime and evening nursing shifts
was found in the frequency of the patients’ aggressive be-
haviors, although they were much less frequent on night

shifts. Also, there was no apparent variation by season or lu-
nar cycle (M. Lavrisha, personal communication, May
1998).

Several risk factors for physical aggression in elderly
patients have been described. The most consistent across
studies are dementia, delirium, male gender, and the pres-
ence of psychotic symptoms (Aarsland et al. 1996; Burns
and Levy 1990; Deutsch et al. 1991; Eastley et al. 1997;
Gilley et al. 1997; Hamel et al. 1990; Lyketsos et al. 1999a;
Malone et al. 1993; Mendez et al. 1990; Mungas 1983;
Paveza et al. 1992; Ryden 1988; Shah 1993; Swearer et al.
1988; Tsai et al. 1996). Other risk factors include depres-
sion (Lyketsos et al. 1999a), greater severity of dementia
(Eastley et al. 1997; Hamel et al. 1990; Ryden 1988;
Swearer et al. 1988), earlier age at dementia onset (Tsai et
al. 1996), wandering (Tsai et al. 1996), concurrent medical
illness (Malone et al. 1993), limited space and living ar-
rangements (Paveza et al. 1992), and sleep disorder (Tsai et
al. 1996).

Several environmental risk factors for aggression
among the elderly have been described. These factors re-
late both to the people around the patient, particularly
their caregivers, as well as to the ambient environment. En-
vironmental noise, inadequate lighting, and moving to un-
familiar places are risk factors for aggression (Silliman et al.
1988). Also, specific caregiver characteristics are impor-
tant. Caregivers who are depressed or irritable might pre-
cipitate aggression among elderly patients (Tsai et al.
1996). The approach of the caregiver to the patient is also
critically important. Caregivers who are demanding, intru-
sive, confrontational, or who rush patients through tasks
that are difficult for them might also precipitate aggression
(Minde et al. 1990). One study has found that nursing home
caregivers who have “subtly adversarial management
styles” may also precipitate aggression from elderly pa-
tients (Cooper et al. 1989).

The relationship between physical aggression and
psychopathology must be underlined. Several studies have
found a relationship between PAB in the elderly, particu-
larly elderly with dementia, and symptoms of psychosis
(delusions and hallucinations) or depression (reviewed by
Lyketsos et al. 1999a; Patel and Hope 1993). In a study of
PAB in outpatients with dementia who were residing in the
community, we found that PAB was closely linked to the
presence of moderate to severe depressive symptomato-
logy and that this association remained strong after adjust-
ing for severity of dementia, delusions, or hallucinations.
Indeed, after adjusting for severity of dementia and depres-
sion, the association between aggression and delusions or
hallucinations was no longer significant (Lyketsos et al.
1999a).
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Etiology of Aggression in the Elderly

The expression of aggressive behavior is phylogenetically
quite old. “Adaptive” aggression is present throughout the
order Mammalia (Saver et al. 1995). Such adaptive aggres-
sion, which is readily observed in animals, has a variety of pur-
poses. These purposes were classified by Moyer (Saver et al.
1995) into seven types of hostile behavior: predatory, territo-
rial, intermale, fear-induced, maternal, irritable, and instru-
mental. Each of these types of aggression appears to have its
own “eliciting stimulus.” For example, a natural prey might
elicit predatory aggression, whereas frustration, deprivation,
or pain might elicit irritable aggression. Each of these aggres-
sive subtypes is probably controlled by a distinct, albeit over-
lapping, neural system, which in humans is located in the
more primitive aspects of the brain (Saver et al. 1995).

As the human species evolved, it developed complex
regulatory mechanisms for these more basic aggressive
“drives” (Saver et al. 1995). Areas of the brainstem, in par-
ticular in the pons and mesencephalon, mediate certain ste-
reotypic movements associated with aggression, including
facial expression and the autonomic aspects of aggression
(Saver et al. 1995). The hypothalamus appears to be a basic
regulator and suppressor of aggression (Saver et al. 1995).
Specific cortical structures such as the amygdala, temporo-
limbic cortex, and prefrontal cortex also appear to be
higher level regulators of aggression (Saver et al. 1995).
Thus, existing neuroscience proposes that aggression in
humans has its origin in basic, phylogenetically old drives,
each with a specific purpose and neural structure (Krakow-
ski 1997). These drives are regulated by complex interplay
of more primitive and more advanced regulating mecha-
nisms that involve cognitive and affective components.

Several neurotransmitter systems have been found to
modulate aggressive behaviors (Saver et al. 1995; Volavka
1997). The systems include serotonin, acetylcholine, do-
pamine, norepinephrine, and γ-aminobutyric acid
(GABA). Serotonin is associated with reduction of aggres-
sion; serotonin brain levels are lower in persons who die of
violent suicide, and serotonin metabolites in cerebrospinal
fluid are decreased in violent criminal offenders (Saver et
al. 1995; Volavka 1997). Serotonin agonists, such as
buspirone, a relatively selective serotonin subtype 1A ago-
nist, reduce certain types of aggression in mice (Saver et al.
1995; Volavka 1997). The effect of serotonin is most spe-
cific in types of aggression that are mediated by testoster-
one (Saver et al. 1995; Volavka 1997). Also, among patients
with Alzheimer’s disease who have come to autopsy, ab-
sence of aggression has been associated with relative spar-
ing of serotonergic neurons (Proctor et al. 1992).

Acetylcholine is associated with increased aggression,

particularly predatory aggression. As well, cholinesterase
inhibitors have led to aggressive behavior in humans, as
noted in case reports (Volavka 1997).

Catecholamine systems are also associated with ag-
gression (Saver at al. 1995; Volavka 1997). Nor-
epinephrine, particularly when acting on the α2 receptor,
increases aggressive behavior. For example, patients with
Alzheimer’s disease who were aggressive before death have
higher counts of α2-adrenergic receptors in the cerebellum
at autopsy (Russo-Neustadt and Cotman 1997). Nor-
epinephrine antagonists, such as clonidine, reduce such be-
havior. Adrenergic blocking agents, such as propranolol,
reduce aggressive behavior in laboratory animals and in di-
verse patient groups exhibiting violent behaviors (Saver et
al. 1995; Volavka 1997).

Dopamine antagonists also tend to reduce aggression,
and dopamine agonists such as apomorphine induce ag-
gressive fighting in rats (Saver et al. 1995; Volavka 1997). In
humans with dementia, aggression is associated with rela-
tive preservation of the dopaminergic system at autopsy
(Victoroff et al. 1996).

GABA is widely known to inhibit aggression in animals
and humans (Saver et al. 1995; Volavka 1997). GABA an-
tagonists can induce mouse-killing behavior in mice, and
benzodiazepines, which are GABA mediators, can attenu-
ate aggression in animals (Saver et al. 1995; Volavka 1997).

Testosterone and other androgens are important me-
diators of certain types of aggression in males. Multiple
studies suggest that aggression is more common in males
across species (Saver et al. 1995). Additionally, androgen
antagonists have been associated with reductions of violent
behavior across species, including in humans (Saver et al.
1995; Volavka 1997). One small study found that serum
testosterone level was correlated with the likelihood of ag-
gression in male elderly patients with dementia (Orengo et
al. 1997). Case reports indicate alleviation of aggression in
the elderly with dementia by antiandrogen treatment, such
as with progesterone and leuprolide (Amadeo 1996;
Kyomen et al. 1991; Lyketsos et al. 1998).

Given this rudimentary understanding of the neuro-
science and risk factors relating to aggression, and assum-
ing that it applies to the elderly, it is useful to consider an
epidemiological model of host, agent, environment as it
applies to the development of aggression. Aggressive be-
haviors among the elderly might be considered the product
of one or more perturbations in the host, agent, environ-
ment triangle. Different types of aggressive behavior
might be the product of different perturbations, and differ-
ent magnitudes and types of perturbation might give rise to
different types of aggressive behavior.

Host factors to consider include direct damage to the
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neural substrate regulating aggression (see above). This
damage may involve inhibitors of aggression, although it
may also involve overactivity of aggressive drives. Damage
or dysfunction may come from diseases of the brain, with
conditions causing dementia being the most common.
Thus, Alzheimer’s disease, frontotemporal degeneration
(Hooten and Lyketsos 1996), and stroke with damage in
amygdala temporolimbic structures, dorsolateral pre-
frontal cortex, hypothalamus, medulla, or mesencephalon
may be most relevant here. Similarly, metabolic distur-
bances might disrupt brain inhibitory pathways and give
rise to aggression. Therefore, elderly people who have
brain damage from one of the diseases causing dementia or
who have a metabolic disturbance (including delirium)
from a general medical condition are more likely to exhibit
PAB, as noted by the epidemiological findings.

Brain disease leading to concurrent damage in areas
that exercise inhibitory control over aggression might ac-
count for the more serious cases of aggression reported in
nursing homes and that are chronic and hard to treat. The
occurrence of aggression at certain times of day might also
be associated with effects of the circadian rhythm on the in-
hibitory control of aggression.

Other factors that influence a host’s ability to modulate
aggressive drives include the mood state or the presence of
other abnormal mental states, such as delirium, delusions,
and hallucinations. A low mood state, such as depression,
or an irritable, expansive, or anxious mood state might
make an elderly person more likely to exhibit aggression.
Delirium, by impairing an elderly person’s level of con-
sciousness, might lead to fear, suspiciousness, and irritabil-
ity and thus be a predisposition to PAB. Similarly, the pres-
ence of a delusion or a hallucination might make an elderly
person more likely to misinterpret a stimulus or a situation
that is otherwise nonthreatening.

As noted, the great majority of aggressive episodes in
the elderly are associated with specific antecedent, perhaps
provoking, stimuli. The stimulus or provocation plays the
role of the agent in the epidemiological triangle. Several
features of this stimulus might be considered, including the
occurrence of a random stimulus presented to a vulnerable
host. For example, hungry elderly persons with dementia
might become aggressive if they smell or see food. Agnosia
may also increase the likelihood of aggression as frustrated
patients attempt to communicate with or assess their sur-
roundings. Patients with aphasia who cannot understand
what they are being told might become aggressive in self-
defense when someone intrudes in their personal space and
attempts to help them bathe or clean. This phenomenon
would account for PAB episodes in patients with dementia
occurring during daily and physical care. In the same way,

caregivers who approach a vulnerable patient in an inap-
propriate way might provoke an aggressive behavior.

Environmental features that facilitate the expression
of aggressive behaviors may interfere with the host’s ability
to modulate aggressive behavior, may accentuate certain
aspects of the stimulus, or may themselves provide an ad-
verse stimulus to the host. Loud environments might dis-
tract a patient’s attention and make it harder to inhibit an
aggressive drive if the patient is hungry. An unfamiliar en-
vironment might provide a stimulus for irritable aggres-
sion. The presence of many other people in the environ-
ment, such as in a nursing home, might stimulate
threat-induced aggression or territorial aggression.

In summary, the etiology of aggression in the elderly is
complex and is best understood as an inappropriate display
of phylogenetically old, adaptive behavior that is being in-
appropriately modulated. Damage to modulating systems,
specific stimuli that might provoke the expression of ag-
gression, or environments that might interfere with modu-
lation or provide particular stimulation increase the
chances of expression of PAB.

Evaluation of Aggression
in an Elderly Person

The evaluation of any elderly person with aggression
should attempt to define the areas outlined in Table 22–1
(Lyketsos et al. 1998). The first goal of evaluation is careful
clinical description (define the case). The actual aggressive
behavior should be noted in detail as well as its impact, such
as injury to the patient and others or damage to property.
The temporal characteristics and modifying variables of
the behavior (e.g., apparent precipitants) should be de-
scribed in detail. Other features of the case should also be
understood. For example, does the patient show any evi-
dence of cognitive decline or dementia (amnesia, agnosia,
aphasia, apraxia, executive disorder)? Does the patient have
evident psychiatric symptoms such as depression, anxiety,
delusions, or hallucinations? Is there evidence of a medical
disorder or symptom (most common are urinary tract in-
fection, pain, constipation)? Exacerbations of preexisting
medical conditions should also be considered. What medi-
cines is the patient taking? Are they being consumed prop-
erly or could there be a possibility of undermedication or
overmedication by accident or on purpose? What is the pa-
tient’s personal, social, and family history?

The information necessary to describe a PAB should
be collected in a standard neuropsychiatric examination as
described elsewhere in this textbook (see Chapters 5 and 6
in this volume). A careful history of present illness, sub-
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stance use (especially alcohol), medical status, review of
systems, personality, and psychiatric status should all be re-
viewed and updated. An examination should be conducted
including general medical, neurological, cognitive, and
general mental status examination directed at describing
the behaviors and the associated features of the case.

The evaluation should also include laboratory and
other necessary studies as part of determining potential
contributing causes of the aggression. Blood tests to inves-
tigate abnormalities in electrolyte levels and liver and thy-
roid function should be considered. Toxicology screens or
medication levels to investigate acute intoxication with
substances or chronic use of substances should also be con-
ducted. To rule out a urinary tract infection, urinalysis and
urine culture with sensitivity should be considered in al-
most every case of aggressive behavior in an elderly person.
If clinically appropriate, electrocardiography and chest X
ray should also be ordered. In cases where the aggression is
stereotypical and episodic, electroencephalography might
be considered to rule out a seizure disorder (see Chapter 29
in this volume). If there is evidence of injury or an acute
neurological event, head computed tomography or mag-
netic resonance imaging should be considered to investi-
gate an intracranial cause of aggression. It is presumed that
in patients with dementia who exhibit aggression a com-
plete dementia work-up has already been conducted.

After the evaluation, the psychiatrist should decode the
case—this is essentially a process of differential diagnosis,
looking at host, agent, and environment as they relate to

the particular case. Are there important host factors that
likely have made the patient vulnerable to expressing ag-
gression by affecting her or his ability to modulate aggres-
sion? For example, is the aggressive behavior occurring in-
dependently or is it occurring in the context of coexisting
brain damage, dementia, psychopathology, delirium, or an
active (new or exacerbated) medical condition? Could the
aggression be related to one or more medications? Is it
linked to specific aspects of dementia, such as aphasia?
Physical aggression that occurs in the context of other con-
ditions (e.g., depression, pneumonia) should generally be
considered as secondary to these other conditions. The im-
plication is that removal or treatment of the host vulnera-
bility will lead to resolution of the aggression.

Next, stimulus factors should be considered. For ex-
ample, is the aggression always provoked? What are the
features of the provoking stimulus? If there is no apparent
stimulus, is additional observation needed to confirm the
absence of a provocation? If provoked, is the provocation
daily care or some other circumstance? If aggression is oc-
curring during daily care, what exactly is the provocation:
caregiver approach, specific activities, other? Does the
aggression always occur with a specific caregiver (e.g., a
spouse or a nursing aide)? What else in a stimulus may be
contributing to the expression of aggression?

Finally, environmental factors should be considered.
What is the ambient environment like at the time of the
PAB? Is it too cold or hot? Too loud or quiet? Too bright or
too dark? Is there inadequate stimulation to the patient by
the environment? Does the aggression occur at specific
times of day? Are there any other environmental patterns
associated with the aggression?

At the conclusion of the decoding process, the clini-
cian should have a good understanding of the aggressive
behavior and the contributing causes to its expression from
the point of view of host, stimulus, and environment. The
neuropsychiatrist should also have a sense of the modifi-
able and unmodifiable contributors to the aggression. For
example, if a contributing factor is believed to be the pres-
ence of a depressive illness, this factor may be modifiable
through appropriate treatment. The same is true if the con-
tributing factor is a delusion. However, if the contributing
factor is advanced dementia, resolution of the underlying
disease is more difficult.

Management of
Aggressive Behavior in the Elderly

The define and decode process above typically will leave
the neuropsychiatrist with an understanding of the causes
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TABLE 22–1. Evaluation of an elderly person with
aggression

Define
Describe the aggressive behaviors in detail
Ascertain the temporal characteristics of the behavior(s)

Frequency, duration, time of day
Specify precipitants, mediators, alleviators of the behavior
Determine other features of the case

Decode
Host factors

Cognitive disorder
Mental disorder or syndrome
Medical disorder
Medications
Brain damage

Stimulus/provocation factors
Caregiver approach

Environmental factors
Ambient environment



of aggression in a particular case and with a set of poten-
tially modifiable contributing features. For example, if the
patient has a mood disorder, a psychotic disorder, delu-
sions, hallucinations, delirium, or a comorbid medical dis-
order, primary treatment of those conditions should be ini-
tiated first. The principle is that treatment of an underlying
primary condition causing aggression should be pursued
with the hope that removal of the contributing cause or
concurrent removal of several contributing causes will lead
to resolution of the aggression.

If the aggression is exacerbated or caused by an envi-
ronmental circumstance, then steps should be taken to
modify the environment. This approach is particularly rel-
evant to patients who have dementing disorders and other
brain diseases and for whom modification of brain disease
is not always possible. If patients become aggressive in
overstimulating, unfamiliar environments, then they
should receive one-on-one support in more familiar envi-
ronments that are less stimulating.

Aggression may also be provoked by factors related to
the state of the patient, for example, pain, hunger, and con-
stipation. Attention to these conditions can markedly alle-
viate aggressive behavior.

If the decode process reveals that the aggression is oc-
curring exclusively in the context of daily care assistance,
every effort should be made to modify the approach to the
patient during daily care. An experienced clinician should
first observe the provision of the care in which the aggres-
sion arises in order to study in detail the antecedents of ag-
gression. Is it that the patient strikes out when approached
from one particular direction? Does the problem occur
when someone makes an effort to take off the patient’s
pants or to wash particular parts of his or her body? What
has the caregiver tried to reduce the behavior? This ap-
proach allows the clinician to determine the stimuli and
provocations that are immediately followed by aggressive
behavior and to find alternative approaches to daily care
not involving the aggression-provoking stimuli.

If aggression is provoked by a caregiver who is hostile
or otherwise inappropriate with the patient, this caregiver
should be provided with education and hands-on modeling
of a proper approach to the patient. For example, if a pa-
tient with dementia asks a caregiver repetitive questions
and the caregiver responds by criticizing the patient for
asking these questions, thus leading to aggression, the
caregiver should be taught why the patient repeats the
questions and given alternative ways to respond other than
being critical of the patient.

Caregivers of patients who are at risk for PAB should
be instructed in various management techniques. They
should be reminded that it is possible to prevent PAB by us-

ing structure and routines in the patient’s day-to-day life.
They should be shown how to approach patients with de-
mentia in a nonconfrontational manner and how to com-
municate with patients based on what means of communi-
cation patients understand best (e.g., to use body language
and not words in very aphasic patients). Caregivers should
be assisted in learning how to detect when a patient is esca-
lating toward a PAB in order to set limits and attempt a
de-escalation before the expression of the PAB.

The success of a variety of nonpharmacological inter-
ventions for aggression in the elderly, such those presented
above, has been investigated in the literature (Beck et al.
1994; Fritz et al. 1995; Maxfield et al. 1996; Mishima et al.
1994; Satlin et al. 1992). Most studies have supported the
use of nonpharmacological interventions in managing ag-
gression or in reducing its impact on the clinical situation.
However, the interventions reported have often been un-
standardized, expensive, hard to replicate, or assessed in
studies without control subjects. The latter issue is impor-
tant because any intervention, and even no intervention at
all, has been associated with a reduction of aggression over
time in 40%–50% of aggressive elderly patients, particu-
larly those with dementia. Thus, in the absence of a control
condition for intervention studies addressing aggression in
the elderly, it is not clear that patients are being helped by
anything more than the nonspecific common features of
these interventions.

Examples of successful interventions reported from
noncontrolledstudies include:behavioralanalysis,validation,
therapy, conditioning, differential reinforcement strategies,
and environmental modification (reviewed by Beck et al.
1994). The use of activity programs, stimulus enhancement
techniques, relaxation, ambient light manipulation, ambient
sound manipulation, and increased social interaction have
also been shown in noncontrolled studies to reduce aggres-
sion among elderly patients (reviewed by Beck et al. 1994).

Maxfield et al. (1996) provided a detailed behavior
analysis approach accompanied by classroom and bedside
education for nurses working in a geriatric hospital. The
intervention was targeted at preventing and reducing ag-
gressive incidents during bathing and grooming. The in-
tervention was found to impart significant new knowledge
to the nursing staff on pretest and posttest assessment. Ad-
ditionally, the intervention led to a 54% reduction in ag-
gressive incidents during bathing and grooming in the
units to which this was applied and a 49% reduction in the
use of as-required medications to facilitate the provision of
bathing and grooming.

Another study (Fritz et al. 1995) investigated the effect
of exposing elderly patients with dementia to companion
animals. These patients were residing in the community
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and being cared for by a family caregiver. Assignment to ex-
posure or nonexposure to animals was not randomly set by
the investigators. Over the months after exposure to pets, it
was noted that patients exposed to pets had significantly
lower rates of aggression, approximately one-third the
rates in patients not exposed to pets. Similarly, noncogni-
tive symptoms and other behavior disturbances, including
verbal aggression and anxiety, were overall lower in pa-
tients exposed to pets.

Noncontrolled studies of bright light therapy (BLT)
have indicated some efficacy in reducing aggressive behaviors
in patients with dementia (Mishima et al. 1994; Satlin et al.
1992). We recently conducted a study at Copper Ridge as-
sessing theefficacyofBLTversusacontrol condition (staff at-
tention with dim lights) in reducing aggressive and agitated
behavior in patients with dementia (Lyketsos et al. 1999b).
Patients in both the control and bright light condition had a
30%–35% reduction in scores on the Behavior Pathology in
Alzheimer’s Disease Scale (Reisberg et al. 1987). No statisti-
cally significant difference was found between the active and
control conditions, however, suggesting no specific benefits
of BLT in reducing aggression in dementia.

Given that in most cases in the elderly aggression is
likely in part the result of a brain dysfunction affecting the
patient’s ability to modulate aggressive drives, several
pharmacological interventions have been attempted and
investigated.

It is important to note that, although medications are
often efficacious in reducing aggression in elderly patients,
this indication has been primarily based on an understand-
ing of the putative neurochemical activity of the medica-
tions and of aggression and less so on controlled, random-
ized clinical trials. The antipsychotic medications (e.g.,
thiothixene, haloperidol, risperidone, quetiapine, olan-
zapine) have repeatedly been found superior to placebo in
randomized, controlled clinical trials in treating “agita-
tion” in elderly persons or in patients with dementia
(Birkett 1997; Katz et al. 1999; Scheider et al. 1990).

A few clinical trials were found that have specifically
investigated treatment of aggression in the elderly (re-
viewed by Rummans et al., in press). One of the notable
findings from placebo-controlled trials to treat aggression
and agitation in elderly patients, particularly in those with
dementia, is that there is a high placebo response, as high as
60% in some cases (Katz et al. 1999). Thus, it is critical that
medication treatments for PAB in the elderly be evaluated
in rigorously designed and implemented controlled trials,
typically with a placebo control.

Placebo-controlled trials of medications for aggres-
sion in the elderly have assessed several classes of medica-
tions. Most often assessed are the antipsychotic neuro-

leptic agents. Petrie et al. (1982) compared haloperidol and
loxapine in the treatment, among other symptoms, of hos-
tility and agitation in 61 elderly persons with dementia.
Both antipsychotics were superior to placebo, and similar
to each other, in efficacy, although they both produced se-
dation in study participants. In other studies using similar
methods, thioridazine (Barnes et al. 1982), milenperone
(DeCuyper et al. 1985), and thiothixene (Finkel et al. 1995)
were reported superior to placebo in efficacy for aggression
in patients with dementia.

More recent studies have reported efficacy for newer
“atypical” antipsychotics for the treatment of aggression in
patients with dementia. The latter studies have had several
hundred participants and have been well-designed multi-
center studies. In one study of the treatment of aggression
in institutionalized patients with dementia (Katz et al. 1999),
approximately 72% of those on risperidone, as compared
with approximately 68% of those on haloperidol and 60% of
patients on placebo, had 30% or greater reductions in scores
on the Behavioral Pathology in Alzheimer’s Disease Scale
(Reisberg et al. 1987). Similar data regarding olanzapine have
been reported recently as well (Street 1998).

Attention has also been paid to “mood-stabilizing”
anticonvulsants as treatments for PAB in the elderly. How-
ever, only one randomized placebo-controlled study in-
volving carbamazepine has been reported (Tariot et al.
1998). After 6 weeks of treatment for agitation and aggres-
sion, Brief Psychiatric Rating Scale scores (Overall and
Gorham 1962) declined from a mean of 53 to a mean of 52
on placebo and from a mean of 55 to 47 in patients treated
with carbamazepine. Overt Aggression Scale (Yudofsky et
al. 1986) scores in patients treated with placebo were re-
duced by approximately 15% as compared with approxi-
mately 45% in patients treated with carbamazepine.

Serotonin reuptake inhibitors that elevate brain
serotonin levels, antipsychotic agents providing dopamine
blockade, direct serotonin agonists (buspirone), and
β-blockers such as propranolol are useful in reducing PAB
in certain elderly patients (Lyketsos et al. 1998; Steinberg
and Lyketsos 1997; Yudofsky et al. 1990).

Anecdotal evidence also suggests that other anti-
convulsants including divalproex sodium, gabapentin, and
lamotrigine have a role to play in the management of epi-
sodic aggression in elderly people whether or not seizures
are present (Lyketsos et al. 1998; Steinberg and Lyketsos
1997). The anticonvulsants appear to be most effective in
patients with advanced dementia, in patients without pro-
voking stimuli, and in patients who have other features of
mood instability or evidence of mania and/or hypomania
(Lyketsos et al. 1998; Steinberg and Lyketsos 1997).

Medications, such as progesterone and leuprolide, that
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interfere with the actions of testosterone are also reported to
be effective in reducing PAB in the elderly, particularly if sex-
ual aggression is evident (Amadeo 1996; Kyomen et al. 1991).
Combinations of medications have also been useful in this re-
gard. Benzodiazepines, being GABA agonists, also appear ef-
fective inreducingaggression (Lyketsosetal.1998;Steinberg
and Lyketsos 1997). However, in some elderly patients,
benzodiazepines may have a disinhibiting effect. That effect,
coupled with their propensity for addiction, their sedating
properties, and their interference with cognitive processing,
make benzodiazepines less preferable. Table 22–2 provides a
summary of medications useful in treating aggression in the
elderly, including reasons why they might be useful and ap-
proximate doses.

Carefully designed clinical trials of benzodiazepines,
antiandrogens, β-blockers, and other medications, such as
stimulants, for PAB in elderly patients have not been con-
ducted. Their use is primarily supported by anecdotal evi-
dence and case reports. However, a substantial literature of
noncontrolled studies (e.g., Lyketsos et al. 1998; Steinberg
and Lyketsos 1997; Yudofsky et al. 1990) exists on the use of
such medications for “agitation” and aggression in demen-
tia, based of the putative ability of these medications to ma-
nipulate neurotransmitter systems associated with the
modulation of aggression.

No empirical data have been published regarding the
reduction of aggression presumed secondary to other psy-
chiatric disorders in an elderly person. For example, if a pa-
tient with depression and aggression (or delusions and ag-
gression) is successfully treated for the depression (or the
delusions), does the aggression also resolve? Although
most clinicians probably would agree that this is the case,
no studies substantiating this could be located.

Similarly, clinical belief suggests that detection and
treatment of comorbid medical disorders, particularly uri-
nary tract infections, pain, and constipation, will lead to re-
ductions in aggression in the majority of patients. Never-
theless, this belief too has received inadequate research
support. In one study, the use of acetaminophen to treat
presumed pain in aggressive elderly residents of a nursing
home led to significant reductions in aggression and also to
reductions in psychotropic drug use (Douzjian et al. 1998).

As reviewed, aggression in elderly persons is often
multifactorial in cause and precipitants. Thus, the integra-
tion of environmental, educational, caregiver, and pharma-
cological interventions based on the findings of a solid eval-
uation as described in this chapter is often the key to
effective management of aggression. An example of inte-
grated interventions managing aggression is demonstrated
in an important study by Rovner et al. (1996). In this ran-
domized controlled clinical trial, an integrated approach

using staff education, activities programming, and careful
psychotropic management led to significant reductions in
aggression and in use of restraints and psychotropic agents
in nursing home patients with dementia.

Currently, recommended treatment for PAB in elderly
patients includes theremovalofcausativeorprecipitatingfac-
tors as determined by the evaluation of the patient.
Nonpharmacological interventions should be tried next. If
pharmacological interventions become necessary, they
should be introduced with caution, at low doses, and with
slowtitration followedbycareful side-effectmonitoring.The
atypical antipsychotics, such as risperidone and olanzapine,
are probably the best first-line agents, given their demon-
strated efficacy and better tolerability than that of the tradi-
tional antipsychotics. These latter should then be considered
as second-line treatments, followed by the anticonvulsants,
selective serotonin reuptake inhibitors, other antidepres-
sants, β-adrenergic blockers, antiandrogens, and the other
medications mentioned in this section.

Conclusion

Physical aggression among the elderly as a whole is rela-
tively uncommon, but it is quite frequent in a variety of
geroneuropsychiatric settings. When PAB occurs, it in-
variably presents a difficult management problem and can
be catastrophic. Most instances of PAB in the elderly are as-
sociated with a dementing illness or another neuropsychi-
atric disorder. A basic understanding of the neuroscience
underlying human aggression is important to appreciate
the complexities of etiology and management. When con-
fronted with elderly patients who are physically aggressive,
the neuropsychiatrist must consider host, stimulus, and en-
vironmental factors that are underlying the aggression.
That evaluation leads to a rational series of interventions
whose goal is to modify factors that provoke or contribute
to the aggression. In many instances, the aggression is then
managed in an empirical fashion by using a variety of inte-
grated behavioral, environmental, and pharmacological
approaches. Much research needs to be done in the field of
aggression in the elderly, given that most of our under-
standing of this problem is rudimentary.
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23
Nondegenerative

Dementing Disorders

William E. Reichman, M.D.

Dementia is a syndrome of acquired per-
sistent decline in several realms of in-

tellectual ability. Individuals display combinations of
impaired memory, disturbed language, visuospatial ab-
normalities, and loss of cognitive abilities such as calcula-
tion, abstraction, and problem solving. In concert with
these changes, patients may manifest impaired recogni-
tion (agnosia) and disturbances in motor planning and se-
quencing (executive functions deficits).

In addition to the intellectual impairment that charac-
terizes dementia, alteration often occurs in the patient’s be-
havior and mood. Neuropsychiatric symptoms such as hal-
lucinations, delusions, anxiety, aggression, and excessively
disinhibited or passive behavior commonly occur. Many
patients with dementia develop sleep-wake cycle abnor-
malities, alterations in sexual behavior, and dietary
changes. Performance in the activities of daily living such
as grooming, dressing, eating, toileting, and managing
household and personal affairs is universally disturbed in
dementia. These clinical features of the syndrome, taken
together with any concomitant neurological or medical
disability, severely impede the patient’s ability to fulfill im-
portant vocational, social, and familial obligations. The

emotional and financial costs associated with the care of pa-
tients with dementia have achieved staggering propor-
tions. Dementia has become and will continue to be a major
public health concern.

In this chapter, I review the nondegenerative dement-
ing disorders with emphasis on their recognition, underly-
ing pathophysiology, and treatment. Alzheimer’s disease
and frontotemporal dementia are discussed in Chapter 24
and dementia associated with movement disorders is ad-
dressed in Chapters 25 and 26 in this volume.

Nondegenerative Causes of Dementia

The nondegenerative causes of dementia in the elderly
population are a heterogeneous group of conditions that
include cerebrovascular disease (vascular dementia [VaD])
and other less common states such as hydrocephalus, the
dementia syndrome of depression (DOD), infections of the
central nervous system, neoplasms, toxic and metabolic
encephalopathies, endocrinopathies, and trauma (Table
23–1). Although these individual conditions may alone
cause dementia, they may also exacerbate the dementia
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resulting from degenerative diseases such as Alzheimer’s
disease or Parkinson’s disease.

With the exception of VaD, many of the non-
degenerative causes of dementia have been described as
“reversible” (Cummings et al. 1980; Rabins 1981). In such
cases, implementation of a specific therapy, such as thyroid
hormone replacement in hypothyroidism or vitamin B12

supplementation in pernicious anemia, is expected to result
in restoration of intellectual function. The proportion of
dementia cases that actually fulfills this criterion is un-
known. The reversibility of dementia associated with such
conditions has been subjected to increasing scrutiny and

challenge (Barry and Moskowitz 1988; Clarfield 1988;
Larson et al. 1986). Across several studies, potentially re-
versible conditions compose approximately 13% of all
cases of dementia (Clarfield 1988). Although substantially
more research is needed to explore the validity of “revers-
ibility” of dementia, it appears that many of the so-called
reversible conditions may be more accurately referred to as
“modifiable.” Treatment of the underlying cause of a
nondegenerative dementia may halt or slow the progres-
sion of intellectual decline but not necessarily result in
complete restoration of function.

Vascular Dementia

VaD is a clinical syndrome of acquired intellectual and
functional impairment resulting from the effects of
cerebrovascular disease. VaD is characterized by a wide
range of neurological and neuropsychological signs and
symptoms reflecting the heterogeneity of responsible le-
sions. Different causes of VaD demonstrate variability in
onset (abrupt or insidious) and course (static, remitting, or
progressive) (Roman et al. 1993). Until recently, the lack of
established diagnostic criteria for VaD hampered effective
research into its causes, prognosis, and treatment. The ap-
plication of different terms to describe dementia resulting
from cerebrovascular disease such as multi-infarct (MID)
or arteriosclerotic dementia has been imprecise or mislead-
ing. For example, it is now clear that neither multiple large
infarctions nor arteriosclerosis is a necessary prerequisite
for the development of dementia associated with vascular
causes. Whereas multiple large cortical infarctions invari-
ably cause VaD, single, strategically placed lesions;
small-vessel disease including lacunar infarction; hemor-
rhage; and hypoperfusion may all independently cause de-
mentia syndromes (Roman et al. 1993).

The risk factors for stroke leading to dementia are still
incompletely understood. Factors such as arterial hyper-
tension, cardiac disease, diabetes, hyperlipidemia, and
smoking are noted to increase the risk for stroke. Factors
that may increase the likelihood that stroke is associated
with dementia include the presence of aphasia, a major
dominant stroke clinical syndrome, a history of prior
cerebrovascular disease, and low educational level
(Pohjasvaara et al. 1998).

Importantly, the contribution of stroke to the cause of
dementia in an individual patient remains a matter of clini-
cal judgment (Hachinski 1991). In older patients, it is fre-
quently unclear as to whether identified cerebrovascular
lesions are the sole cause of dementia, are significantly con-
tributing to the clinical features of an underlying
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TABLE 23–1. Nondegenerative dementing
disorders

Vascular dementia
Hydrocephalus
Dementia syndrome of depression and other psychiatric

disorders
Infectious disorders

Neurosyphilis and other spirochetal illnesses
(e.g., Lyme disease)

Acquired immunodeficiency syndrome (AIDS)
Other viral and prion encephalitides

(e.g., Creutzfeldt-Jakob disease)
Fungal and bacterial infections

Neoplastic conditions
Primary and metastatic brain tumors
Meningeal carcinomatosis
Paraneoplastic dementia

Metabolic and toxic encephalopathies
Systemic disorders

Cardiopulmonary failure
Chronic hepatic encephalopathy
Chronic uremic encephalopathy
Anemia
Endocrinopathy
Inflammatory conditions
Porphyria
Chronic electrolyte disturbances

Nutritional deficiency (e.g., vitamin B12, folate, and
niacin)

Toxic disorders
Medication toxicity
Alcoholic dementia
Polysubstance abuse
Heavy metal intoxication

Posttraumatic dementia



neurodegenerative disease (“mixed dementia”), or are
neuropsychologically silent (Erkinjuntti and Sulkava
1991). In recent years, it has been noted that “pure” VaD
may actually be uncommon as the sole cause of dementia
(Hulette et al. 1997). Many, if not most, cases appearing as
VaD may actually represent cerebrovascular disease com-
plicating Alzheimer’s disease (mixed dementia). Diagnos-
tic criteria for research in VaD are readily available that at-
tempt to provide improved clarity of diagnosis and
standardization of nomenclature (Roman et al. 1993) (Ta-
ble 23–2).

Epidemiology of Vascular Dementia

Historically, the lack of an accurate definition for dementia
of vascular etiology has confounded attempts to reliably es-
tablish the epidemiology of the condition (Kase 1991;
Mirsen and Hachinski 1988). In studies of the causes of de-
mentia, the diagnosis may have been established by clinical
criteria or neuroimaging data such as computed tomogra-
phy (CT) or magnetic resonance imaging (MRI). Only a
few studies have had confirmatory pathological diagnoses.
In some studies, the co-occurrence of stroke and Alzhei-
mer’s disease is described as “mixed dementia” or is not ad-
dressed. As a result, the percentage of all cases of dementia
that are secondary to stroke has varied among studies from
4.5% to 39%. The frequency of VaD is generally quoted in
the 12%–20% range (Kase 1991). Despite the method-
ological limitations of epidemiological surveys, it appears
that after Alzheimer’s disease VaD is the second most com-
mon cause of dementia in Western societies (Roman 1991).

Clinical Features of Vascular Dementia

The Ischemia Scale (IS) (Hachinski et al. 1975) and subse-
quent modifications (Loeb and Gandolfo 1983; Small
1985) have enumerated the clinical features of VaD in an
attempt to distinguish it from Alzheimer’s disease. These
general features include all or some of the following:
abrupt onset, prior history of stroke, fluctuating course, fo-
cal neurological signs, focal neurological symptoms, step-
wise deterioration, nocturnal confusion, relative preserva-
tion of personality, depression, somatic complaints,
emotional lability, hypertension, and associated athero-
sclerosis. Despite a sensitivity and specificity of 70%–80%
in separating VaD from Alzheimer’s disease (Chui et al.
1992), the IS is less able to reliably diagnose the
co-occurrence of these two conditions in the same individ-
ual and may significantly overdiagnose VaD in patients
later found to have Alzheimer’s disease (Roman et al. 1993).

Subtypes of Vascular Dementia

As a result of improved recognition of the clinical and
pathological variability produced by cerebrovascular dis-
ease, subtypes of VaD have been described (Table 23–3).
These subtypes present with variable combinations of mo-
tor, sensory, and neuropsychological impairment reflect-
ing the anatomical region disrupted. In addition to clinical
features such as hemiparesis and hemisensory loss, patients
may demonstrate parkinsonism, gait instability, urinary in-
continence, visual field defects, hemineglect, and pseudo-
bulbar palsy (dysarthria, dysphagia, exaggerated facial and
gag reflexes, and pseudobulbar affect). Along with neuro-
psychological deficits such as impaired memory, language,
cognition, and visuospatial ability, patients may also mani-
fest impairment in frontal systems functions (Wolfe et al.
1990). Disturbances of mood, behavior, and perception
(hallucinosis) may complicate the clinical course of VaD. In
some patients, delusional thinking develops. In most cases
of VaD, many different types of lesions are identified in the
brain parenchyma and its vascular supply. The clinical fea-
tures of VaD reflect the location of the lesions, the volume
of infarcted tissue, the number of lesions, and their
laterality (Olsson et al. 1996).

Multi-infarct dementia. The cumulative effect of
multiple large complete cortical infarctions throughout
the distributions of the anterior, middle, or posterior cere-
bral artery circulations can result in dementia. Generally,
occlusion of these arteries is the consequence of athero-
sclerotic thrombosis or cardiac embolization. Multi-
infarct dementia is typically reported as having an abrupt
onset with stepwise progression. The resulting clinical pic-
ture is characterized by variable impairment across several
areas of intellectual function. Patients may demonstrate
“patchiness” of deficits such that certain intellectual func-
tions are spared, and others are significantly affected. As
the syndrome progresses, most areas of intellectual func-
tion become disturbed. Patients typically manifest neuro-
logical signs and symptoms such as dysarthria, hemi-
paresis, hemisensory loss, visual field disturbances, and
pathological reflexes or reflex asymmetries. Disturbances
of recognition (agnosia) and praxis (apraxia) are occasion-
ally noted. In many patients, multi-infarct dementia results
from a combination of cortical and subcortical infarctions
(see below).

Strategic single-infarct dementia. A solitary
infarction may abruptly cause dementia if it occurs in a cor-
tical or subcortical region critical to intellectual functions.
Strategically placed single lesions in the distributions of the
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TABLE 23–2. Diagnostic criteria for probable, possible, and definite vascular dementia

I. The criteria for the clinical diagnosis of probable
vascular dementia include all of the following:
1. Dementia, defined by cognitive decline from a

previously higher level of functioning and
manifested by impairment of memory and of two or
more cognitive domains (orientation, attention,
language, visuospatial functions, executive
functions, motor control, and praxis), preferably
established by clinical examination and documented
by neuropsychological testing; deficits should be
severe enough to interfere with activities of daily
living not due to physical effects of stroke alone.

Exclusion criteria: Cases with disturbance of consciousness, de-
lirium, psychosis, severe aphasia, or major sensorimotor im-
pairment precluding neuropsychological testing. Also
excluded are systemic disorders or other brain diseases (e.g.,
Alzheimer’s disease [AD]) that in and of themselves could ac-
count for deficits in memory and cognition.

2. Cerebrovascular disease (CVD), defined by the
presence of focal signs on neurological examination
(e.g., hemiparesis, lower facial weakness, Babinski’s
sign, sensory deficit, hemianopsia, and dysarthria)
consistent with stroke (with or without history of
stroke) and evidence of relevant CVD by brain
imaging (computed tomography [CT] or magnetic
resonance imaging [MRI]) including multiple
large-vessel strokes or a single, strategically placed
infarct (angular gyrus, thalamus, basal forebrain,
posterior cerebral artery, or anterior cerebral artery
territories), as well as multiple basal ganglia and
white matter lacunes or extensive periventricular
white matter lesions or combinations thereof.

3. A relationship between the above two disorders,
manifested or inferred by the presence of one or
both of the following:
a. Onset of dementia within 3 months after a

recognized stroke.
b. Abrupt deterioration in cognitive functions or

fluctuating, stepwise progression of cognitive
deficits.

II. Clinical features consistent with the diagnosis of
probable vascular dementia include the following:
1. Early presence of a gait disturbance (small-step gait

or marché a petits-pas, magnetic, apraxic-ataxic, or
parkinsonian gait).

2. History of unsteadiness and frequent unprovoked falls.
3. Early urinary frequency, urgency, and other urinary

symptoms not explained by urological disease.

4. Personality and mood changes, abulia, depression,
emotional incontinence, other subcortical deficits
including psychomotor retardation, and abnormal
executive function.

III. Features that make the diagnosis of vascular dementia
uncertain or unlikely include:
1. Early onset of memory deficit and progressive

worsening of memory and other cognitive functions
such as language (transcortical sensory aphasia),
motor skills (apraxia), and perception (agnosia), in
the absence of corresponding focal lesions on brain
imaging.

2. Absence of focal neurological signs other than
cognitive disturbance.

3. Absence of cerebrovascular lesions on brain CT or
MRI.

IV. Clinical diagnosis of possible vascular dementia: May be
made in the presence of dementia (Section I) with focal
neurological signs, but in the absence of brain imaging
confirmation of definite CVD; or in the absence of clear
temporal relationship between dementia and stroke; or
in patients with subtle onset and variable course
(plateau or improvement of cognitive deficits and
evidence of relevant CVD).

V. Criteria for diagnosis of definite vascular dementia are:
1. Clinical criteria for probable vascular dementia.
2. Histopathological evidence of CVD obtained from

biopsy or autopsy.
3. Absence of neurofibrillary tangles and neuritic

plaques exceeding those expected for age.
4. Absence of other clinical or pathological disorder

capable of producing dementia.
VI. Classification of vascular dementia for research

purposes may be made on the basis of clinical,
radiological, and neuropathological features for
subcategories or defined conditions such as:

Cortical vascular dementia
Subcortical vascular dementia
Binswanger’s disease
Thalamic dementia

The term AD with CVD should be reserved to classify patients
fulfilling the clinical criteria for probable AD and who also
present clinical or brain imaging evidence of relevant CVD.
Traditionally, these patients have been included with vascular
dementia in epidemiological studies. The term mixed dementia
used hitherto should be avoided.

Source. Adapted from Roman et al. 1993.



carotid, anterior, middle, and posterior cerebral arteries
(left angular gyrus, thalamus, caudate nucleus) give rise to
well-recognized dementia syndromes with a variety of neu-
rological and neurobehavioral features (Mahler and
Cummings 1991) (Table 23–3).

Hypoperfusion of watershed areas (borderzone
infarction) producing dementia. The border-
zoneregions exist at the borders between the vascular terri-
tories of the major cerebral arteries. Reduced cerebral per-
fusion resulting from cardiac arrest, severe hypotension, or
loss of blood volume causes stroke in these cortical areas.
The most vulnerable border-zone region appears to be the
area between the territories of the middle and posterior ce-
rebral arteries.

Small-vessel disease dementia. Occlusion of
small vessels most prominently causes lesions of sub-
cortical structures such as the basal ganglia, thalamus, in-
ternal capsule, and subhemispheric white matter. Disrup-
tion of these structures and their connections to the
dorsolateral frontal cortex leads to a syndrome called

subcortical dementia. This state is characterized by
psychomotor slowing, dilapidation in cognitive functions,
memory impairment, frontal systems dysfunction, and be-
havioral alterations such as depression and apathy
(Cummings 1990). Neurologically, such patients fre-
quently manifest parkinsonism, ataxia, and urinary incon-
tinence.

Lacunar state (etat lacunaire) refers to a pattern of in-
farction in which multiple small lesions in the basal ganglia,
thalamus, and internal capsule produce dementia. Neuro-
logical signs and symptoms include, but are not limited to,
pseudobulbar palsy, gaze abnormalities, psychomotor
slowing, and pyramidal and extrapyramidal disorders. De-
pression, apathy, and emotional lability are frequent ac-
companying psychiatric features. Dementia often features
prominent frontal systems dysfunction (Ishii et al. 1986;
Wolfe et al. 1990). Affected patients typically have a history
of hypertension.

Ischemic injury of the frontal hemispheric white mat-
ter produces a chronic progressive state called subcortical
arteriosclerotic encephalopathy or Binswanger’s disease
(Babikian and Ropper 1987; Peterson and Summergrad
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TABLE 23–3. Subtypes of vascular dementia

Subtype Features
Multi-infarct Abrupt onset, stepwise progression, “patchy” neuropsychological deficits,

pyramidal signs, hemiparesis, hemisensory loss, and impaired memory
Strategic single-infarct

Carotid artery

Anterior cerebral artery

Middle cerebral artery

Dominant angular gyrus

Posterior cerebral artery

Branches to thalamic region

Abrupt onset
Aphasia (left-sided), visuospatial deficits, and contralateral hemiparesis

and hemisensory loss
Abulia, dyspraxia, transcortical motor aphasia, dysarthria, apraxia,

impaired memory; contralateral hemiparesis and hemisensory loss in
lower extremities, and incontinence

Severe aphasia (left-sided)a, alexia, agraphia, dyscalculia, psychosis,
contralateral pyramidal signs, hemiparesis, hemisensory loss, and visual
field deficits

Aphasia, alexia, agraphia, impaired verbal memory, visuospatial deficits,
right-left disorientation, finger agnosia, and dyscalculia

Impaired memory, agnosia, alexia without graphia, visual field deficits,
brainstem signs

Aphasia (left-sided), impaired attention and memory, and variable motor
and sensory loss

Hypoperfusion of watershed (borderzone) Transcortical aphasias, impaired memory, apraxia, and visuospatial deficits
Small-vessel disease

Lenticulostriate arteries (lacunar state)

Subcortical arterioles

Memory loss, psychomotor slowing, apathy, depression, multifocal motor
symptoms, parkinsonism, and pseudobulbar palsy

Memory loss, psychomotor slowing, euphoria, psychosis, symmetric
hemiparesis, ataxia supranuclear palsy, incontinence, and parkinsonism
(often without tremor)

aIn the setting of severe aphasia, one cannot adequately determine whether, in fact, dementia exists.



1989; Summergrad and Peterson 1989). Like lacunar in-
farction, the signs and symptoms of Binswanger’s disease
reflect pathology localized to subcortical structures. Dis-
turbances of cortical origin such as agnosia or apraxia are
generally absent. Hypertension has been noted in 80% or
more of cases (Kinkel et al. 1985). Because the clinical triad
of dementia, gait disturbance, and urinary incontinence
may be seen in Binswanger’s disease, it is occasionally
misdiagnosed as normal-pressure hydrocephalus (NPH),
in which these features have been considered pathogno-
monic. As compared with patients with NPH, patients with
Binswanger’s disease demonstrate an earlier age at onset,
less frequent early gait abnormalities, longer illness dura-
tion, and more prominent signs of hypertension and
cerebrovascular disease (Gallassi et al. 1991).

Evaluation of Vascular Dementia

After review of the patient’s history, the evaluation of VaD
includes thorough physical, neurological, and mental sta-
tus examinations. This approach is complemented by CT
or MRI of the brain to identify changes consistent with vas-
cular lesions such as gray matter infarctions or ischemic
white matter changes.

The frequency of infarctions noted on CT scans of pa-
tients given the clinical diagnosis of VaD has varied consid-
erably (from 20% to 86%) (Erkinjuntti and Sulkava 1991).
Infarctions appear on CT as regions of lucency. With the
advent of MRI, the ability to detect ischemic changes in the
subhemispheric white matter has improved, leading to in-
creased speculation regarding their significance. In many
intellectually and neurologically intact older patients, MRI
may demonstrate patchy and diffuse white matter changes
evident as increased signal, especially on T2-weighted im-
ages (Almkvist et al. 1992; Boone et al. 1992; Leys et al.
1990). These lesions frequently appear in close proximity
to the ventricles and may consist of caps or thickened, ir-
regular rims. These changes have been often referred to as
leukoariosis. When these lesions are confined to the
periventricular region, their clinical significance is unclear
(Bondareff et al. 1990). In general, these changes are
thought to represent localized areas of demyelination and
increased amounts of free water (Zimmerman et al. 1986).
In some patients, the periventricular findings are accompa-
nied by single or multiple lesions of the basal ganglia, inter-
nal capsule, and thalamus. Large confluent lesions in the
subhemispheric white matter may also be noted. Arterio-
sclerosis may or may not be identified in these subcortical
lesions and seems to occur depending on their location
(Chimowitz et al. 1992). In general, widespread white mat-
ter lesions on neuroimaging are a frequent finding in

patients with VaD (Erkinjuntti and Sulkava 1991) (Figure
23–1). However, it remains that these lesions have different
pathological correlates and may be of variable clinical sig-
nificance (Chimowitz et al. 1992).

In VaD, functional neuroimaging techniques such as
single photon emission computed tomography (SPECT)
and positron-emission tomography (PET) (Figure 23–2)
demonstrate focal areas of hypoperfusion and hypo-
metabolism, respectively.

Although most cases of VaD occur on the basis of arte-
riosclerosis in the setting of prominent vascular risk fac-
tors, in some patients, stroke can result from inflammatory
vasculitis. In these individuals, the clinician often encoun-
ters other prominent signs of collagen-vascular disease
such as an elevated sedimentation rate and confirmatory
serologic abnormalities. Inflammatory diseases such as sys-
temic lupus erythematosus, temporal arteritis, and
sarcoidosis have been associated with VaD. Hematologic
disorders such as polycythemia, sickle-cell disease, and
thrombotic thrombocytopenic purpura may also cause
stroke and should be considered when routine blood work
is reviewed. Attention to potential embolic sources such as
cardiac valvular disease is an important component of the
diagnostic assessment.

Treatment of Vascular Dementia

At present, no medication has demonstrated definitive sus-
tained efficacy in preventing, reversing, or modifying the
course of VaD. Smoking cessation and optimal control of
hypertension or diabetes mellitus have been found to re-
duce mortality from stroke but have not yet been suffi-
ciently studied to demonstrate such an effect specifically in
VaD (Hier et al. 1989). Some data suggest intellectual im-
provement with moderately lowered blood pressure in hy-
pertensive patients, but other individuals with VaD may ex-
perience further cognitive decline (Meyer et al. 1986).
Meyer and colleagues (Meyer et al. 1988, 1989; Wade
1991) have observed therapeutic benefit from cigarette
smoking abstinence, aspirin therapy, and surgical interven-
tions such as endarterectomy and/or cardiac bypass sur-
gery. Though stroke prophylaxis has been shown with the
antiplatelet agent ticlopidine, its usefulness for the treat-
ment of VaD is unproven (Gent et al. 1989).

Pharmacological approaches to the treatment of VaD
have included vasodilating agents such as dihydro-
ergotamine (Hydergine) and pentoxifylline (Trental) and
calcium channel blocking agents. Although data analysis is
still preliminary, no agent has demonstrated unequivocal
efficacy over placebo.
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Hydrocephalic Dementia

The clinical hallmarks of hydrocephalic dementia include
dementia, gait instability, and urinary incontinence. Symp-
toms usually evolve over several months or years. The de-
mentia syndrome has subcortical features including slow-
ness, bradyphrenia, and inattentiveness. Although
memory is invariably impaired, patients also appear apa-
thetic and excessively concrete (Benson 1985).

NPH is associated with normal intracranial pressure
(Adams et al. 1965). The disorder results from impaired ab-
sorption of cerebrospinal fluid into the venous circulation
at the level of the arachnoid granulations. Although NPH
can be idiopathic in occurrence, it can follow cerebral
trauma, subarachnoid hemorrhage, encephalitis, or men-
ingitis. Despite its frequent consideration in the differen-
tial diagnosis of dementia, NPH is a rare cause of dementia,
accounting for less than 2% of cases (Clarfield 1988).

In addition to NPH, other forms of hydrocephalus
cause dementia in elderly people. Mass lesions or inflam-
matory conditions such as ependymitis or arachnoiditis can
obstruct the normal flow of cerebrospinal fluid (CSF) (ob-
structive, noncommunicating hydrocephalus). When ob-
struction due to these causes is relatively acute, the patient
demonstrates signs of increased intracranial pressure
(headache, papilledema, lethargy, nausea, and emesis) and
eventually progresses to somnolence and coma. Bilateral
abducens palsies and quadriparesis also can be present. When
the obstruction is subacute, however, the onset of
symptomatology is more gradual and frequently presents as
dementia without other neurological signs (Benson 1985).

Ataxia and urinary incontinence associated with hy-
drocephalic dementia are thought to result from displace-
ment by the enlarging lateral ventricles of those periven-
tricular corticospinal tracts that control lower-extremity
and bladder-motor function. Ataxia with hydrocephalus
tends to vary in severity and may be accompanied by
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spasticity of the legs and extensor plantar responses. Diffi-
culty initiating gait is common. Once the patient is ambula-
tory, however, the patient’s strides are noted to improve
(Fisher 1982).

Whereas ataxia is often a prominent feature of hydro-
cephalic dementia, urinary incontinence may be mild or
only late occurring (Benson 1985). Although frequently
cited as a pathognomonic feature of hydrocephalus, uri-
nary incontinence is a common feature of Alzheimer’s dis-
ease and other dementing disorders and is of limited diag-
nostic specificity.

Evaluation of Hydrocephalic Dementia

The accurate diagnosis of NPH is often difficult as the
characteristic signs and symptoms of the disorder occur in
other progressive causes of dementia (Cox et al. 1988).
Classically, the radiological appearance of NPH has been

reported to consist of ventricular dilation in the absence of
sulcal widening. Although this finding on CT or MRI
strengthens the diagnosis of NPH, it is not invariably pres-
ent; cortical atrophy can be present in some hydrocephalic
patients. In some cases, elderly patients with dementia and
with clear radiological evidence of NPH may not have the
associated features of incontinence or ataxia (Mulrow et al.
1987). Additional diagnostic techniques including radio-
isotope or CT cisternography are of limited value in im-
proving diagnostic accuracy (Vanneste et al. 1992). Al-
though most patients with NPH may be expected to
decline intellectually over time, some may remain stable
without additional intervention (Clarfield 1989).

Treatment of Hydrocephalic Dementia

The treatment of hydrocephalic dementia, particularly
NPH, involves surgical shunting procedures. Surgical suc-
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cess rates have been variable, and treatment complications
have been common (Graff-Radford et al. 1989). Dementia
appears to be the symptom of NPH that is least responsive
to treatment. Even when the diagnosis is reasonably cer-
tain, accurate, consistent predictive tests for surgical out-
come are still lacking. In general, those patients best suited
for shunt placement are those who initially present with the
full clinical triad, have a readily identified cause for NPH,
and have had a relatively short duration of symptoms
(Clarfield 1989).

Dementia Syndrome of Depression

Pseudodementia has been the term historically applied to de-
scribe memory and other cognitive impairments caused by
psychiatric disorders such as depression, mania, and
schizophrenia (Kiloh 1961). It has been argued that de-
mentia could be “mimicked” or “caricatured” by functional
psychiatric illness, implying a hysterical component to the
clinical presentation (Wells 1979). Although still contro-
versial, it is now generally accepted that the intellectual
deficits that result from psychiatric illness, in particular de-
pression, constitute a “true dementia” that may be modifi-
able or perhaps reversed with appropriate therapy.

Four essential criteria have been proposed to diagnos-
tically define dementia resulting from functional psychiat-
ric disorders (Caine 1981). First, there must be evidence of
a primary psychiatric disorder accompanied by intellectual
impairment. Second, the clinical features of the disorder
must resemble those noted in degenerative brain disorders
with neuropathological confirmation. Third, the intellec-
tual deficit should reverse with psychiatric treatment.
Fourth, there must not be evidence of a primary neuro-
degenerative process that can cause dementia.

Dementia specifically resulting from depressed mood
has been aptly termed the dementia syndrome of depression
(Folstein and McHugh 1978). The true prevalence of
DOD among the elderly population is unknown, reflecting
variability in sampled populations and assessment meth-
ods. Across studies, from 2% to 32% of patients evaluated
for dementia meet criteria for pseudodementia, of whom
50%–100% have DOD (Cummings and Benson 1992). In
elderly patients, depression is the psychiatric state most of-
ten responsible for dementia. In younger patients, there
may be greater variability in the psychiatric causes of intel-
lectual impairment.

The onset of DOD is most typically subacute, occur-
ring in an elderly individual with a personal or family his-
tory of depression. As the major depressive episode
evolves, intellectual impairment rapidly progresses. Pa-

tients appear dysphoric and may complain of poor motiva-
tion, anhedonia, and feelings of worthlessness.
Heightened levels of anxiety and nihilistic or persecutory
delusions also may be present. Neurovegetative features of
depression are evident and include disrupted sleep, im-
paired appetite, anergia, constipation, and impotence. Pa-
tients are often hypophonic and appear cognitively and
psychomotorically slowed; they may demonstrate dimin-
ished affective intensity and range.

The neuropsychological deficits of DOD tend to be
variable, and they include some or all of the following: im-
paired attention and concentration, restricted verbal flu-
ency, memory-retrieval deficits, visuoconstructional dis-
turbances, concreteness, and disrupted calculation ability
(Weingartner et al. 1981). Disturbances such as aphasia,
apraxia, and agnosia are notably absent. The severity of the
patient’s underlying depression is highly correlated with
the motivation to perform and the level of intellectual im-
pairment (Cohen et al. 1982). The degree of depression is
also strongly correlated with the individual’s tendency to
complain about memory impairment, irrespective of its se-
verity (Kahn et al. 1975; O’Connor et al. 1990). Patients
with depression often complain about forgetfulness, as well
as indecisiveness, poor concentration, and mental slowing
(O’Connor et al. 1990). The degree of awareness and con-
cern verbalized by the typical patient with DOD is far
greater than that evidenced by the patient with a degenera-
tive cause of dementia such as Alzheimer’s disease.

Several studies have documented reduced complaints
of impaired memory (Plotkin et al. 1985) and improved in-
tellectual functioning following successful treatment of
depression with pharmacotherapy (tricyclic antidepres-
sants and monoamine oxidase inhibitors) or electrocon-
vulsive therapy (Janowsky 1982; Kral and Emery 1989;
McAllister and Price 1982). It remains uncertain whether
intellectual improvement is complete or whether some
deficits persist despite a fully recovered mood (Ames et al.
1990; Greenwald et al. 1989; Jacoby et al. 1981; Savard et
al. 1980).

The long-term prognosis of DOD is also uncertain.
Some studies suggest that, over time, many patients with
DOD develop a progressive dementia (Ames et al. 1990;
Kral 1983; Reding et al. 1985), whereas other studies, using
relatively rigorous criteria for the diagnosis of DOD, have
concluded that the risk for developing an irreversible pro-
gressive dementia is no greater in patients who have had
DOD than in nondepressed elderly patients (Pearlson et al.
1989; Rabins et al. 1984).

Preliminary neuroimaging investigations have dem-
onstrated some structural abnormalities in DOD. In one
study (Pearlson et al. 1989), CT scans of patients with
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DOD had ventricle-to-brain ratios that were smaller than
those of patients with Alzheimer’s disease, but larger than
those recorded in depressed, age-matched control subjects
without dementia. However, in another series, no signifi-
cant differences between control subjects and patients with
DOD were detected with CT (Abas et al. 1990). Elderly pa-
tients with late-onset depression have significantly more
white matter ischemic changes on MRI than do psychiatri-
cally healthy, age-matched control subjects (Coffey et al.
1990). Whether these lesions predispose to the develop-
ment of DOD is unknown. In patients with left-
hemisphere stroke, concurrent major depression further
impairs neuropsychological test performance irrespective
of lesion size, lesion location, or other clinical variables
(Bolla-Wilson et al. 1989; Robinson et al. 1986).

The diagnosis of DOD rests on the demonstration of a
major depressive episode in a patient with secondarily ac-
quired intellectual impairment. The patient must not meet
diagnostic criteria for another dementing illness that may
cause similar clinical features (especially Parkinson’s dis-
ease or subcortical cerebrovascular disease). It is also cru-
cial to exclude potentially toxic effects of medications.
Centrally acting antihypertensive drugs (reserpine,
clonidine, and propranolol) or neuroleptics can disrupt in-
tellectual ability and produce depression, confounding di-
agnostic accuracy. Final certainty in the diagnosis depends
on discriminating improvement in intellectual function
with resolution of the mood disorder.

Although less common in elderly patients, dementia
has also been noted to secondarily arise from mania or
schizophrenic psychosis (Wright and Silove 1988). Pa-
tients with mania are generally easily distractible and for-
getful and exhibit psychomotor agitation. Their mood is
grandiose or exceptionally irritable. They may have rela-
tively florid hallucinations or delusions and disturbances of
thought processes such as circumstantiality or flight of
ideas. Other manic features are variable. Dementia arising
solely from the manic phase of bipolar disorder must be dis-
tinguished from manic-like behavior encountered in de-
mentia syndromes that disrupt frontal systems. Disorders
such as the frontal lobe degenerations, general paresis, al-
coholic dementia, cerebral neoplasms, strokes, trauma,
and the toxic effects of medications (steroids and levodopa)
may cause manic symptoms (secondary mania).

In many patients with schizophrenia, dementia has
been noted, especially when “negative symptoms” (with-
drawal, emotional blunting, loss of reactivity, and apathy)
dominate the clinical picture. These features have been
correlated with frontal ventricular prominence and sulcal
widening (Andreasen et al. 1982). The neuropsychological
profile of dementia in patients with schizophrenia who

have prominent negative symptoms has been shown to
preferentially, but not exclusively, consist of impaired ex-
ecutive functions (Breier et al. 1991; Perlick 1992). Less
frequently, impaired intellectual ability in subjects with
schizophrenia can be seen during episodes of psychotic agi-
tation. During such periods, impaired motivation to per-
form and inattentiveness may underlie the observed
deficits. Lastly, a subgroup of elderly subjects with schizo-
phrenia demonstrate chronic neuropsychological deficits.

Treatment of DOD follows the usual approach to
treatment of depression in the elderly and is described in
elsewhere in this volume.

Infectious Disorders

Infectious disorders of the central nervous system are un-
common causes of dementia in the elderly population. De-
mentia resulting from chronic fungal, helminthic, or pro-
tozoan infectious processes most often presents clinically
as a chronic confusional state with impaired attention and
arousal. Along with features of meningeal irritation, signs
of increased intracranial pressure such as papilledema,
headache, nausea, and emesis can be present. Seizures and
cranial nerve dysfunction can also be evident.

Bacterial infection (meningitis or brain abscess) more
often develops as an acute, rapidly progressive clinical state
with neuropsychiatric features more reminiscent of delir-
ium than of dementia. Chronic treponemal infections of
the nervous system that can cause dementia include
neurosyphilis and Lyme disease.

Dementia can be a long-term consequence of viral en-
cephalitis. In herpes simplex encephalitis, severe memory
impairment can be a chronic residual feature reflecting the
virus’s predilection for the anterior medial temporal cor-
tex. Affected patients may demonstrate aphasia and mild
cognitive deficits. Apart from herpes simplex infection,
other viral encephalitides can also cause enduring intellec-
tual deficits.

Creutzfeldt-Jakob disease is a rare disorder with onset
in the sixth or seventh decade. The disorder, arising from a
proteinaceous infectious particle (prion), is rapidly pro-
gressive, leading to death within several months. Patients
manifest progressive dementia with prominent language
disturbance, myoclonus, extrapyramidal features, and py-
ramidal signs. Cerebellar signs, cranial nerve pathology,
and choreoathetosis also can occur (Brown et al. 1986;
Cummings and Benson 1992).

Patients infected with the human immunodeficiency
virus (HIV) can have a variety of neuropsychiatric disor-
ders including depression, anxiety, and dementia
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(Faulstich 1987; Hintz et al. 1990; Perry 1990). Dementia
is the most frequent neurological complication of acquired
immunodeficiency syndrome (AIDS) (Navia and Price
1987). Since early reports of the AIDS epidemic, the ten-
dency of HIV to cause neuropsychological impairment has
been well established. Although originally dementia was
thought to be the result of opportunistic infection, it has
been increasingly recognized that dementia can occur as
the direct consequence of HIV infection of the central ner-
vous system (Lunn et al. 1991; Navia et al. 1986). The ac-
quired intellectual impairment directly resulting from
HIV infection has been termed the AIDS dementia complex
(ADC) or AIDS cognitive-motor complex. The disorder may
be a presenting manifestation of AIDS (Navia and Price
1987) and has been noted in at least two-thirds of patients
who die from an AIDS-related illness (Navia et al. 1986).

ADC has clinical features indicative of subcortical dys-
function including impairment in concentration, forget-
fulness, and slowed psychomotor speed. Additionally, pa-
tients have poor balance, lower-extremity weakness,
hyperreflexia, and an action tremor. Headache, impaired
handwriting, and loss of motivation have also been noted
frequently (Benson 1987). Other associated behavioral fea-
tures such as depression and hallucinations can be present
also. In the end stage of AIDS, patients may be incontinent,
strikingly apathetic, and mute (Lunn et al. 1991). Though
not having AIDS, people with asymptomatic HIV infec-
tion may demonstrate subclinical impairment in verbal
memory and psychomotor speed (Lunn et al. 1991; Stern et
al. 1991).

It remains unclear how HIV enters the central nervous
system to produce ADC. One view is that the retrovirus is
initially contained within macrophages that cross the
blood-brain barrier. With evolving immunosuppression,
the virus replicates within the brain in an uncontrolled
fashion (Perry 1990).

Although ADC is most commonly seen in younger age
groups, in which risk factors such as homosexuality, intra-
venous drug use, and prior blood transfusion increase the
risk of HIV infection, the disorder may also be seen in the
elderly. The diagnosis should be considered in the older
patient with any of the above risk factors and a subcortical
dementia.

The treatment of ADC involves substantial psycho-
logical support for patients and their caregivers, aug-
mented by pharmacotherapy. Antiviral therapy, specifi-
cally zidovudine (AZT), has been shown to improve
intellectual impairment associated with AIDS (Schmitt et
al. 1988; Yarchoan et al. 1987), and many patients with
combination ADC receive protease inhibitors and antiviral
treatment regimens. Psychotropic, neurological, and anal-

gesic medications are used where indicated for pertinent
symptoms. Specifically, psychotropic agents including
psychostimulants for withdrawal and apathy and
high-potency neuroleptics for associated psychosis have
demonstrated consistent efficacy (Ostrow et al. 1988;
Perry 1990).

Neoplasia-Associated Dementia

Primary neoplasms that arise from the brain parenchyma,
cerebral blood vessels, pituitary, meninges, and cranial
nerves may all sufficiently disrupt neural function to pro-
duce dementia. Metastatic lesions from extracranial tu-
mors, granulomas, and lymphomas can all invade the cen-
tral nervous system to exert profound effects on mentation.
The wide variety of cerebral neoplasms that can cause de-
mentia accounts for significant variability in the onset and
progression of intellectual impairment and the occurrence
of associated neurological signs and symptoms (Rowland
1989).

The clinical features associated with intracranial tu-
mors arise from parenchymal invasion, mass effects, hy-
drocephalus, vascular occlusion, or any combination of
these. Most often, signs and symptoms of intracranial mass
lesions arise insidiously and are progressive. Symptoms
such as depression, lethargy, apathy, impaired concentra-
tion, disturbed memory, and headache can slowly evolve
over several weeks to months (Anderson et al. 1990). When
other symptoms such as unsteady gait, incontinence, and
emesis are noted, a cerebral mass lesion must be strongly
suspected. Additional features consistent with the presence
of a brain tumor include papilledema, vasomotor symp-
toms, focal motor or sensory signs, diplopia, vertigo, and
visual field defects (Bannister 1986). Less frequently, the
initial manifestations of a cerebral tumor include the
abrupt onset of a seizure, focal motor weakness, or
hemisensory loss (Adams and Victor 1989).

The pattern of intellectual impairment noted with a
cerebral mass lesion is in part a function of neuroanatomic
location. Direct pressure effects can cause relatively focal
disturbances in language, praxis, or memory. In certain lo-
cations, dementia is particularly likely to occur. For exam-
ple, global intellectual impairment is found in 70% of
patients with frontal tumors, whereas language distur-
bances are particularly prominent with left-temporal
masses (Cummings and Benson 1992). Increased intra-
cranial pressure gives rise to altered arousal, attention, and
concentration. Tumors disrupting subcortical structures
such as the basal ganglia also cause dementia in which there
are prominent attentional disturbances and depression.
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Masses affecting the diencephalic structures can cause de-
mentia associated with personality changes, endocrino-
logical abnormalities, dietary disturbances, and sleep alter-
ations (Cummings and Benson 1992).

Widespread metastasis to the meninges with dissemina-
tion throughout the ventricles has been termed meningeal
carcinomatosis. Malignant melanoma and carcinomas of the
breast, lung, and gastrointestinal tract have been associated
with this condition.Affectedpatientsdemonstrate signsof in-
creased intracranial pressure, cranial nerve dysfunction, and
dementia typified by prominent attention and concentration
difficulties (Theodore and Gendelman 1981).

Distant tumors such as occult neoplasms of the lung
(oat-cell carcinoma), ovary, or breast may be associated
with limbic encephalitis. This disorder has been consid-
ered a paraneoplastic condition of unknown pathogenesis.
Intellectual impairment is often accompanied by depres-
sion and anxiety. There can be impairment of arousal and
hallucinatory phenomena. Signs or symptoms of cerebellar
dysfunction such as ataxia, nystagmus, tremor, hypo-
reflexia, dysarthria, and impairment of rapid alternating
movements may be noted. Seizures, myopathy, and
myeloradiculoneuropathy have been documented in this
condition (Posner 1989). Although the medial temporal
lobe appears to be the site most severely affected, neuronal
loss and inflammatory changes have been discovered
throughout the cortex and subcortical regions. Para-
neoplastic dementia is an untreatable condition that typi-
cally progresses to death within 2 years of onset (Cum-
mings and Benson 1992).

The diagnosis of an intracranial mass is contingent on
confirmation by CT or MRI. The addition of contrast en-
hancement to these procedures increases their sensitivity
to detect cerebral neoplasms. These procedures also help
to differentiate other dementing conditions such as stroke,
cerebral abscess, subdural hematoma, and NPH from
brain tumors. Electroencephalography (EEG) may dem-
onstrate diffuse or excessive focal slow-wave activity. CSF
examination often reveals a mild leukocytosis with elevated
protein and normal glucose levels. (For a more complete
discussion of the neuropsychiatric aspects of neoplastic,
demyelinating, infectious, and inflammatory diseases of
the brain, see Chapter 30 in this volume.)

Metabolic and Toxic
Encephalopathies

Elderly people are particularly vulnerable to the neuropsy-
chiatric effects of systemic illness, nutritional deficiency,
and toxin exposure. In most cases, metabolic or toxic de-

rangements of the central nervous system produce acute,
time-limited disturbances in cognition and behavior (de-
lirium). However, when the effects persist for an extended
period of time, dementia results. The most prominent ef-
fects of metabolic and toxic disorders on mentation include
fluctuating arousal, impaired attention, and disturbances
in memory. Depending on the underlying disorder, other
associated neuropsychological deficits may appear. How-
ever, severe disturbances of language and the other higher
cortical functions such as apraxia and agnosia are uncom-
mon. Motor system abnormalities including tremor,
asterixis, and myoclonus often accompany the observed
confusional state. EEG shows diffuse slow-wave activity,
whereas CT and MRI are generally unrevealing.

Systemic Disorders

Disturbances of the cardiopulmonary, hematological,
hepatic, renal, and endocrinological systems produce tran-
sient or chronic disruptions in intellectual function. Such
systemic disorders can cause dementia in the elderly or,
more commonly, contribute to the intellectual impairment
caused by other conditions such as Alzheimer’s disease or
stroke. Diseases such as systemic lupus erythematosus,
sarcoidosis, temporal arteritis, and rheumatoid arthritis
also cause dementia through inflammation of cerebral ves-
sels leading to stroke.

Nutritional Deficiencies

Deficiency of vitamins such as cyanocobalamin (vitamin
B12), folic acid, and niacin has been associated with demen-
tia in elderly patients (Bell et al. 1990a, 1990b).
Cyanocobalamin and folic acid are biochemically interre-
lated vitamins that exert both a separate and concomitant
influence on cognition and mood (Bell et al. 1990a). Most
often, vitamin B12 deficiency leads to impaired memory,
psychosis, and depression. Additional neuropsychological
impairment is an infrequent finding. Clouding of con-
sciousness appears to be a consistent feature of the alter-
ation in mental status associated with this nutritional cause
of dementia (Hector and Burton 1988). The neuropsychi-
atric manifestations of vitamin B12 deficiency and associ-
ated neurological deficits such as myelopathy, neuropathy,
and seizures may occur in subtle or atypical vitamin B12 de-
ficiency states in which hematological indices and the
Schilling test results are normal (Karnaze and Carmel
1990).

The diagnosis of dementia caused by vitamin B12 defi-
ciency rests on demonstration of diminished serum
cobalamin levels. Diagnostic accuracy can be improved by
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measurement of pretreatment and posttreatment serum
levels of methylmalonic acid and/or total homocysteine
(Lindenbaum et al. 1988).

Replacement therapy of vitamin B12 deficiency rarely
leads to complete restoration of intellectual function. In
some patients, however, supplementation with the defi-
cient vitamin can lead to partial improvement in neuro-
psychological function (Gross et al. 1986).

It is less clear to what extent isolated folic acid defi-
ciency may cause dementia. Some have speculated that in-
creased levels of folic acid in elderly patients cause a variety
of neuropsychiatric symptoms, most importantly depres-
sion. In general, disruptions in the delicate balance be-
tween cyanocobalamin and folic acid probably underlie the
emergence of most neuropsychiatric features. The com-
plex relationship between these two vitamins and neuro-
psychiatric syndromes is uncertain. However, dysfunction
in brain cyanocobalamin and folic acid status does appear
to have important consequences for neurotransmitter me-
tabolism, particularly those pathways related to sero-
tonergic function (Bell et al. 1990b).

Toxic Disorders

The neuropsychological impairment of chronic alcohol-
ism has been historically considered to be a severe amnestic
disorder related to a nutritional deficiency of thiamine
(Korsakoff’s psychosis). Contemporary research, however,
supports the view that, along with anterograde and retro-
grade memory impairment, alcoholism is associated with
visuoperceptual and problem-solving disability. Impaired
performance of verbal fluency tasks and poor abstract con-
cept formation have also been noted (Butters 1985;
Cummings and Benson 1992; Tuck et al. 1984). Improve-
ment of dementia may occur with abstinence, but complete
restoration of intellectual function is rare.

Alcohol-associated dementia is more common in the
elderly population than in younger alcoholic populations;
this finding is independent of the duration of excessive in-
take of alcohol (Cummings and Benson 1992). The demen-
tia associated with alcoholism may be in part a product of
thiamine deficiency but is likely also to reflect a direct toxic
effect of alcohol. Also largely unexplained is the reversible
CT scan finding of enlarged ventricles and widened corti-
cal sulci in the brains of alcoholic patients. The degree of
atrophy does not appear to correlate with the severity of in-
tellectual impairment. In elderly alcoholic patients with
dementia, the EEG frequently shows abnormal slowing.

Although hemorrhagic lesions of the medial
diencephalon have been thought to underlie the memory
impairment of alcoholism, evidence has arisen implicating

pathology of the nucleus basalis of Meynert and cortical
structures (Butters 1985). Postmortem studies of alcoholic
patients reveal greater degrees of white matter atrophy
than of cortical atrophy, implicating a toxic effect of alco-
hol on myelin (Cummings and Benson 1992).

With aging of patients, the risk of medication toxicity
increases as a consequence of alterations in drug metabo-
lism, distribution, binding, and excretion. Aside from be-
ing vulnerable to excessive dosing or polypharmacy, el-
derly patients can be vulnerable also to pharmacotoxicity
because of increased sensitivity to the psychotropic effects
of various medications (Mahler et al. 1987). Centrally act-
ing antihypertensive agents, anticholinergic drugs,
neuroleptics, benzodiazepines, hypnotics, and antidepres-
sants can all impair intellectual function in the susceptible
elderly patient.

Posttraumatic Dementia

Elderly people are especially at risk for suffering closed
head injury (see Chapter 28 in this volume). Physical frailty,
disturbances of gait secondary to orthopedic disability, and
an increased occurrence of orthostatic hypotension in this
population increase the risk of falls and traumatic brain in-
jury. Injury to the brain in this fashion includes hemor-
rhage, contusion, laceration, or shearing effects. With sub-
tle trauma, older patients have an increased tendency for
the bridging veins to rupture and hemorrhage as they
course from the cortical surface to the dural sinuses. As a re-
sult, subdural collections of blood may form (subdural
hematoma), giving rise to altered mentation. The onset of
dementia may be subacute or chronic. Affected patients
manifest a gradually progressive, chronic confusional state
with transient, relatively minor, focal neurological signs
that can be mistaken for stroke or tumor.

With chronic subdural hematomas, the collection of
blood can be isodense on CT scanning of the brain and thus
difficult to detect unless there is obvious shift of the midline
structures or obscuring of the cortical sulci. For this lesion,
MRI provides significantly improved imaging sensitivity
and is the diagnostic procedure of choice (Cummings and
Benson 1992). When the patient is symptomatic, subdural
collections of blood may be surgically evacuated to pro-
duce some clinical improvement.

Standard Evaluation of Dementia

The standard evaluation of the nondegenerative causes of
dementia includes assimilating a thorough history of the
patient’s present illness, with comprehensive attention to
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cognitive, medical, neurological, and psychiatric features.
The interview must review the patient’s medical, educa-
tional, social, vocational, and family histories. Any signifi-
cant exposure of the individual to alcohol, medications, and
other potential toxins must be considered. Because the in-
tellectually impaired individual can only rarely provide
such comprehensive data accurately, it is recommended
that the caregiver be extensively interviewed with and
without the patient present. Physical, neurological, and
mental status examinations should be conducted. A quanti-
fiable screening assessment of the patient’s intellectual
ability, such as the Mini-Mental State Exam (MMSE)
(Folstein et al. 1975), allows the physician to establish a
baseline of function for the patient and follow disease
course. More extensive neuropsychological assessment can
help fully elucidate the patient’s deficits.

Several laboratory studies should be conducted to aug-
ment evaluation of the body’s cardiopulmonary, renal,
hepatic, endocrinological, and hematological systems. When
cardiac or pulmonary dysfunction is clinically apparent, elec-
trocardiography, chest radiography, or arterial blood gas de-
terminations may be indicated. Additionally, an assay for vita-
min B12 should be accompanied by blood tests to detect the
presence of systemic infection or inflammation.

The thorough evaluation of dementia requires a
neuroimaging study such as CT or MRI of the brain to docu-
ment the presence of atrophy, mass lesions, stroke, or hydro-
cephalus. When diagnostic uncertainty is prominent, func-
tional neuroimaging techniques, such as SPECT or PET, if
available, can be useful to detect perfusion or metabolic ab-
normalities characteristicofdementingdisorders suchasAlz-
heimer’s disease or the frontal lobe degenerations.

When infection or inflammation of the brain paren-
chyma or meninges is suspected, lumbar puncture is indi-
cated. EEG is an especially useful study to support the pres-
ence of seizures or an infectious, toxic, or metabolic
encephalopathy. Additionally, EEG studies can be re-
peated to monitor disease progression or response to treat-
ment (Table 23–4). A diagnostic brain biopsy is infre-
quently indicated in the evaluation of dementia. The
procedure is associated with substantial morbidity and
rarely leads to the diagnosis of a reversible condition
(Hulette et al. 1992; Kaufman and Catalano 1979). Brain
biopsy can be helpful for the diagnosis of Creutzfeldt-
Jakob disease (Gajdusek et al. 1977). However, this tech-
nique is being largely supplanted by the recent availability
of CSF protein markers for the disease (Zerr et al. 1998).
Published practice parameters for the diagnosis and evalu-
ation of dementia are readily available for reference (Qual-
ity Standards Subcommittee of the American Academy of
Neurology 1994).

The comprehensive evaluation of dementia must be
augmented by careful surveillance for caregiver anxiety or
depression. It is necessary to define any potential causes of
excessive burden such as disruptive patient behavior, a lack
of familial or social supports, or any financial losses, real or
imagined. On establishing a diagnosis, the patient and his
or her caregiver must be fully informed and apprised of the
prognosis and any potential treatment options. Referral
should be made for specialized medical evaluation and care
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TABLE 23–4. History of illness

Review of systems
Medical history
Medication review
Family history
Psychiatric interview
Physical examination
Neurological examination
Mental status examination (with rating of dementia severity)
Laboratory evaluation (mandatory)

Complete blood count with differential
Liver function tests
Serum electrolytes, calcium, phosphorus, and glucose
High-sensitivity thyroid-stimulating hormone
Syphilis serology
Erythrocyte sedimentation rate
Serum creatinine and blood urea nitrogen
Urinalysis
Serum B12 and folic acid

Laboratory evaluation (selective)
Lyme disease antibody titer
Human immunodeficiency virus titer
Rheumatologic studies (rheumatoid factor, antinuclear

antibody titer, and so on)
Endocrine studies (serum cortisol, parathyroid hormone,

and so on)
Arterial blood gas determination

Neuroimaging (mandatory)
Computed tomography or magnetic resonance imaging

of the head
Neuroimaging (selective)

Single photon emission computed tomography
Positron-emission tomography

Ancillary studies
Chest radiograph
Electrocardiogram
Electroencephalogram
Neuropsychological evaluation



as indicated. Additionally, caregivers often need to be re-
ferred for legal counseling and ancillary social services such
as home health care, day care, and nursing home care.

Treatment of Dementia:
General Considerations

For the nondegenerative dementing disorders, improve-
ment in intellectual function following treatment is often
incomplete. Therapies such as resection of a mass lesion,
ventricular shunting for NPH, or correction of a metabolic
disorder such as vitamin B12 deficiency or hypothyroidism
often lead to symptomatic improvement, but rarely to com-
plete recovery. The essential requirement for therapy is to
halt disease progression and minimize disability. In VaD, for
example, this generally entails optimal control of risk factors
such as hypertension, smoking, and hyperlipidemia.

Although the neuropsychological features of dementia
are rarely completely reversible, accompanying neuropsy-
chiatric symptoms such as depression, anxiety, psychosis,
sleep disorders, and aggressivity are often successfully
treated with a combination of behavioral approaches and
pharmacotherapy. The contribution of disruptive behavior
to caregiver burden cannot be overemphasized and must
receive comprehensive attention.

The nonpharmacological approaches to dysfunctional
behavior generally consist of reassurance, distraction, redi-
rection, and structure. Generally, the caregiver should try
to respond to the behavior in a calm and direct manner. In
the setting of aggressive behavior, caregivers must ensure
their own safety before attempting to relax the patient.
When patients experience hallucinations or verbalize

persecutory thoughts such as delusions of theft or infidel-
ity, caregivers should acknowledge the expressed fears and
offer calm reassurance and distraction. Wandering behav-
ior should be accommodated whenever possible by provid-
ing an open space that is secure and well lit. Exceptionally
restless patients or those who frequently wander must be
observed for signs of dehydration and the development of
sores on the bottom of the feet.

Disrupted sleep is best treated with improvements in
sleep hygiene. This often includes avoiding stimulants and
nocturnal fluids, limiting daytime naps, and discouraging
all non–sleep-related activities in bed (with the possible ex-
ception of sexual relations). A diligent search for coexistent
medical conditions that may disturb sleep is also required.
(For a fuller discussion of sleep disorders in the elderly, see
Chapter 17 in this volume.)

Augmentation with pharmacotherapy is often neces-
sary to effectively treat disruptive behavior in dementia.
Tables 23–5 through 23–7 provide guides for the
pharmacotherapy of behavioral changes in dementia.
(Pharmacotherapy in the elderly is covered more exten-
sively in Chapter 34 in this volume.) In addition to manag-
ing disruptive behavior, treatment of dementia must also
include astute attention to the other causes of excessive
caregiver burden, such as social isolation and inadequate
social and familial supports.

Summary

The nondegenerative causes of dementia in the elderly
population include cerebrovascular disease, hydrocepha-
lus, psychiatric disorders such as depression, infectious and
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TABLE 23–5. Pharmacotherapy of behavioral changes in dementia—antidepressants

Agent Dosing guidelines Side effects
Nortriptyline, desipramine Initiate at 10 mg/day; increase dose by

10 mg/week until treatment response or
side effects emerge.

Confusion, sedation, anticholinergic effects,
and cardiac conduction delay

Trazodone Initiate at 50 mg/day; increase dose by
50 mg/week until response or side effects
emerge.

Sedation, orthostasis, confusion, and
priapism (in males)

Fluoxetine, paroxetine Initiate at 10 mg/day; increase dose to
20 mg/day after 1 week.

Restlessness, insomnia, anxiety, anorexia,
and confusion

Sertraline Initiate at 25 mg/day; increase dose to
50 mg/day after 1 week (may need to go to
150 mg/day depending on clinical response).

Restlessness, insomnia, anxiety, anorexia,
diarrhea

Bupropion Initiate at 75 mg/day; increase dose after
4 days to 150 mg/day; maintain at
300 mg/day maximum.

Insomnia, anxiety, confusion, seizures



of the major organ systems, endocrinopathies, nutritional
deficiencies, toxic disorders, and trauma. Although any of
these conditions may be the primary cause of acquired in-
tellectual impairment, more characteristically, their pres-
ence complicates the clinical course of degenerative disor-
ders such as Alzheimer’s disease. The standard evaluation
of these disorders must be sufficiently broad in scope to de-
tect their occurrence but should be specifically guided by
the data available. Treatment of the nondegenerative de-
menting disorders is directed at halting progression, re-
storing intellectual function, managing associated neuro-
psychiatric features, and relieving caregiver burden.

References

Abas MA, Sahakian BJ, Levy R: Neuropsychological deficits and
CT scan changes in elderly depressives. Psychol Med 20:
507–520, 1990

Adams RD, Victor M: Principles of Neurology, 4th Edition.
New York, McGraw-Hill, 1989

Adams RD, Fisher CM, Hakim S, et al: Symptomatic occult hy-
drocephalus with “normal” cerebrospinal fluid pressure: a
treatable syndrome. N Engl J Med 273:117–126, 1965

Almkvist O, Wahlund LO, Andersson-Lundman G, et al:
White-matter hyperintensity and neuropsychological
functions in dementia and healthy aging. Arch Neurol 49:
626–633, 1992

Ames D, Dolan R, Mann A: The distinction between depression
and dementia in the very old. Int J Geriatr Psychiatry
5:193–198, 1990

Anderson SW, Damasio H, Tranel D: Neuropsychological im-
pairments associated with lesions caused by tumor or
stroke. Arch Neurol 47:397–405, 1990

Andreasen NC, Olsen SA, Dennert JW, et al: Ventricular en-
largement in schizophrenia: relationship to positive and
negative symptoms. Am J Psychiatry 139:297–301, 1982

Babikian V, Ropper AH: Binswanger’s disease: a review. Stroke
18:2–12, 1987

506 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

TABLE 23–6. Pharmacotherapy of behavioral changes in dementia—antipsychotics

Relative side effects
Agent Starting daily dosea Parkinsonism Anticholinergic/sedation
Haloperidol 0.5–1 mg High Low/low
Trifluoperazine 1 mg Moderate Moderate/moderate
Thiothixene 1 mg Moderate Moderate/low
Thioridazine 10 mg Low High/high
Risperidone 0.5 mg Low None/low
Olanzapine 2.5 mg Very low Low/moderate
Quetiapine 12.5 mg Very low Low/moderate
Clozapine 12.5 mg Very low High/high
aMaintain dosage at lowest possible effective dose; increase as needed every 4–7 days.

TABLE 23–7. Pharmacotherapy of behavioral changes in dementia—alternative agents for agitation and
aggressivity

Agent Starting daily dosea Side effects
Carbamazepineb 100 mg bid Sedation, ataxia, dysarthria, bone marrow suppression, and

hepatotoxicity
Sodium valproate 125 mg bid Sedation, ataxia, dysarthria, bone marrow suppression, and

hepatotoxicity
Trazodone 50 mg/day Sedation, orthostasis, and priapism (in males)
Buspirone 5 mg bid Dizziness, nausea, and sedation
Clonazepam 0.5 mg bid Sedation, ataxia, and dysarthria
Propranololc 10 mg bid Sedation, bradycardia, hypotension, depression, and worsening

of chronic obstructive pulmonary disease
aDosing will need to be increased for all agents at weekly intervals until response or emergence of side effects.
bMonitor serum levels, complete blood count, and liver function tests.
cMonitor pulse and blood pressure closely.



Bannister R: Brain’s Clinical Neurology, 6th Edition. New
York, Oxford University Press, 1986

Barry PB, Moskowitz MA: The diagnosis of reversible dementia
in the elderly: a critical review. Arch Intern Med 148:
1914–1918, 1988

Bell IR, Edman JS, Marby DW, et al: Vitamin B12 and folate sta-
tus in acute geropsychiatric inpatients: affective and cogni-
tive characteristics of a vitamin nondeficient population.
Biol Psychiatry 27:125–137, 1990a

Bell IR, Edman JS, Miller J, et al: Relationship of normal serum
vitamin B12 and folate levels to cognitive test performance
in subtypes of geriatric major depression. J Geriatr Psychi-
atry Neurol 3:98–105, 1990b

Benson DF: Hydrocephalic dementia, in Handbook of Clinical
Neurology: Neurobehavioral Disorders, Vol 2. Edited by
Frederiks JAM. New York, Elsevier, 1985, pp 323–333

Benson DF: The spectrum of dementia: a comparison of the
clinical features of AIDS/dementia and dementia of the
Alzheimer type. Alzheimer Dis Assoc Disord 1:217–220,
1987

Bolla-Wilson K, Robinson RG, Starkstein SE, et al:
Lateralization of dementia of depression in stroke patients.
Am J Psychiatry 146:627–634, 1989

Bondareff W, Raval J, Woo B, et al: Magnetic resonance imag-
ing and the severity of dementia in older adults. Arch Gen
Psychiatry 47:47–51, 1990

Boone KB, Miller BL, Lesser IM, et al: Neuropsychological
correlates of white-matter lesions in healthy elderly sub-
jects. Arch Neurol 40:549–554, 1992

Breier A, Schreiber JL, Dyer J, et al: National Institute of Men-
tal Health longitudinal study of chronic schizophrenia:
prognosis and predictors of outcome. Arch Gen Psychiatry
48:239–246, 1991

Brown P, Cathala F, Castaigne P, et al: Creutzfeldt-Jakob dis-
ease: clinical analysis of a consecutive series of 230
neuropathologically verified cases. Ann Neurol 20:
597–602, 1986

Butters N: Alcoholic Korsakoff’s syndrome: some unresolved is-
sues concerning etiology, neuropathology, and cognitive
deficits. Journal of Clinical Experimental Neurology
7:181–210, 1985

Caine ED: Pseudo-dementia. Arch Gen Psychiatry 38:
1359–1364, 1981

Chimowitz MI, Estes ML, Furlan AJ, et al: Further observations
on the pathology of subcortical lesions identified on mag-
netic resonance imaging. Arch Neurol 49:747–752, 1992

Chui HC, Victoroff JI, Margolin D, et al: Criteria for the diag-
nosis of ischemic vascular dementia proposed by the State
of California Alzheimer’s Disease Diagnostic and Treat-
ment Centers. Neurology 42:473–480, 1992

Clarfield AM: The reversible dementias: do they reverse? Ann
Intern Med 109:476–486, 1988

Clarfield AM: Normal-pressure hydrocephalus: saga or swamp?
JAMA 262:2592–2593, 1989

Coffey CE, Figiel GS, Djang WT, et al: Subcortical
hyperintensity on magnetic resonance imaging: a compari-
son of normal and depressed elderly subjects. Am J Psychi-
atry 147:187–189, 1990

Cohen RM, Weingartner H, Smallberg SA, et al: Effort and
cognition in depression. Arch Gen Psychiatry 39:593–597,
1982

Cox J, Knox J, Brocklehurst G: Normal pressure hydrocephalus
(letter). JAMA 36:650, 1988

Cummings JL (ed): Subcortical Dementia. New York, Oxford
University Press, 1990

Cummings JL, Benson DF: Dementia: A Clinical Approach,
2nd Edition. Boston, MA, Butterworth-Heinemann, 1992

Cummings JL, Benson DF, LoVerme S Jr: Reversible dementia:
illustrative cases, definition, and review. JAMA
243:2434–2439, 1980

Cummings JL, Miller B, Hill MA, et al: Neuropsychiatric as-
pects of multi-infarct dementia and dementia of the Alzhei-
mer type. Arch Neurol 44:389–393, 1987

Erkinjuntti T, Sulkava R: Diagnosis of multi-infarct dementia.
Alzheimer Dis Assoc Disord 5(2):112–121, 1991

Faulstich ME: Psychiatric aspects of AIDS. Am J Psychiatry
144:551–556, 1987

Fisher CM: Hydrocephalus as a cause of disturbances of gait in
the elderly. Neurology 32:1358–1363, 1982

Folstein MF, McHugh PR: Dementia syndrome of depression,
in Alzheimer’s Disease: Senile Dementia and Related Dis-
orders. Edited by Katzman R, Terry RD, Bick KL. New
York, Raven, 1978, pp 87–96

Folstein MF, Folstein SE, McHugh PR: Mini-Mental State: a
practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 12:189–198, 1975

Gajdusek DC, Gibbs CS, Asher DM, et al: Precautions in medi-
cal care of, and in handling materials from, patients with
transmissible virus dementia (Creutzfeldt-Jakob disease).
N Engl J Med 297:1253–1258, 1977

Gallassi R, Morreale AN, Montagna P, et al: Binswanger’s dis-
ease and normal-pressure hydrocephalus. Arch Neurol
48:1156–1159, 1991

Gent M, Blakely JA, Easton JD, et al: The Canadian American
Ticlopidine Study (CATS) in thromboembolic stroke.
Lancet 1:1215–1220, 1989

Graff-Radford NR, Godersky JC, Jones MP: Variables predict-
ing surgical outcome in symptomatic hydrocephalus in the
elderly. Neurology 39:1601–1604, 1989

Greenwald BS, Kramer-Ginsberg E, Marin DB, et al: Dementia
with coexistent major depression. Am J Psychiatry
146:1472–1478, 1989

Gross JS, Weintraub NT, Neufeld RR, et al: Pernicious anemia
in the demented patient without anemia or macrocytosis: a
case for early recognition. J Am Geriatr Soc 34:612–614,
1986

Hachinski VC: Multi-infarct dementia: a reappraisal. Alzheimer
Dis Assoc Disord 5(2):64–68, 1991

Nondegenerative Dementing Disorders 507



Hachinski VC, Iliff LD, Zilhka E, et al: Cerebral blood flow in
dementia. Arch Neurol 32:632–637, 1975

Hector M, Burton JR: What are the psychiatric manifestations
of vitamin B12 deficiency? J Am Geriatr Soc 36:1105–1112,
1988

Hier DB, Warach JD, Gorelick PB, et al: Predictors of survival
in clinically diagnosed Alzheimer’s disease and
multi-infarct dementia. Arch Neurol 46:1213–1216, 1989

Hintz S, Kuck J, Peterkin JJ, et al: Depression in the context of
human immunodeficiency virus infection: implications for
treatment. J Clin Psychiatry 51:497–501, 1990

Hulette CM, Earl NL, Crain BJ: Evaluation of cerebral biopsies
for the diagnosis of dementia. Arch Neurol 49:28–31, 1992

Hulette C, Nochlin D, McKeel D, et al: Clinical-neuropatho-
logical findings in multi-infarct dementia: a report of six
autopsied cases. Neurology 48(3):668–672, 1997

Ishii N, Nishihara Y, Imamura T: Why do frontal lobe symp-
toms predominate in vascular dementia with lacunes? Neu-
rology 36:340–345, 1986

Jacoby RJ, Levy R, Bird JM: Computed tomography and the
outcome of affective disorder: a follow-up study of elderly
patients. Br J Psychiatry 139:288–292, 1981

Janowsky DS: Pseudodementia in the elderly: differential diag-
nosis and treatment. J Clin Psychiatry 49:19–25, 1982

Kahn RL, Zarit SH, Hilbert NM, et al: Memory complaint and
impairment in the aged. Arch Gen Psychiatry 32:
1569–1573, 1975

Karnaze DS, Carmel R: Neurologic and evoked potential ab-
normalities in subtle cobalamin deficiency states, including
deficiency without anemia and with normal absorption of
free cobalamin. Arch Neurol 47:1008–1012, 1990

Kase CS: Epidemiology of multi-infarct dementia. Alzheimer
Dis Assoc Disord 5(2):71–76, 1991

Kaufman HK, Catalano LW: Diagnostic brain biopsy: a series of
50 cases and a review. Neurosurgery 4:129–136, 1979

Kiloh LG: Pseudo-dementia. Acta Psychiatr Scand 37:336–351,
1961

Kinkel WR, Jacobs L, Polachini I, et al: Subcortical arterio-
sclerotic encephalopathy (Binswanger’s disease): computed
tomographic, nuclear magnetic resonance and clinical cor-
relations. Arch Neurol 42:951–959, 1985

Kral VA: The relationship between senile dementia (Alzheimer
type) and depression. Can J Psychiatry 28:304–305, 1983

Kral VA, Emery OB: Long-term follow-up of depressive
pseudodementia of the aged. Can J Psychiatry 34:445–446,
1989

Larson EB, Reifler BV, Sumi SM, et al: Diagnostic tests in the
evaluation of dementia: a prospective study of 200 elderly
outpatients. Arch Intern Med 146:1917–1922, 1986

Leys D, Soetaert G, Petit H, et al: Periventricular and white
matter magnetic resonance imaging hyperintensities do
not differ between Alzheimer’s disease and normal aging.
Arch Neurol 47:524–527, 1990

Lindenbaum J, Healton EB, Savage DG, et al: Neuropsychiatric
disorders caused by cobalamin deficiency in the absence of
anemia or macrocytosis. N Engl J Med 318:1720–1728,
1988

Loeb C, Gandolfo C: Diagnostic evaluation of degenerative and
vascular dementia. Stroke 14:399–401, 1983

Lunn S, Skydsbjerg M, Schulsinger H, et al: A preliminary re-
port on the neuropsychologic sequelae of human immuno-
deficiency virus. Arch Gen Psychiatry 48:139–142, 1991

Mahler ME, Cummings JL: Behavioral neurology of multi-
infarct dementia. Alzheimer Dis Assoc Dis 5:122–130,
1991

Mahler ME, Cummings JL, Benson DF: Treatable dementias.
West J Med 146:705–712, 1987

McAllister TW, Price TRP: Severe depressive pseudodementia
with and without dementia. Am J Psychiatry 137:
1449–1450, 1982

Meyer JS, Judd BW, Tawakina T, et al: Improved cognition after
control of risk factors for multi-infarct dementia. JAMA
256:2203–2209, 1986

Meyer JS, McClintic K, Sims P, et al: Etiology, prevention, and
treatment of vascular and multi-infarct dementia, in Vascu-
lar and Multi-infarct Dementia. Edited by Meyer JS,
Lechner H, Marshall J, et al. Mount Kisco, NY, Futura,
1988, pp 129–147

Meyer JS, Rogers RL, McClintic K, et al: Randomized clinical
trial of daily aspirin therapy in multi-infarct dementia: a pi-
lot study. J Am Geriatr Soc 37:549–555, 1989

Mirsen T, Hachinski V: Epidemiology and classification of vas-
cular and multi-infarct dementia, in Vascular and Multi-
infarct Dementia. Edited by Meyer JS, Lechner H, Mar-
shall J, et al. Mount Kisco, NY, Futura, 1988, pp 61–75

Mulrow CD, Feussner JR, Williams BC, et al: The value of clin-
ical findings in the detection of NPH. J Gerontol 42:
277–279, 1987

Navia BA, Price RW: The acquired immunodeficiency syn-
drome dementia complex as the presenting or sole manifes-
tation of human immunodeficiency virus infection. Arch
Neurol 44:65–69, 1987

Navia BA, Jordan BD, Price RW: The AIDS dementia complex,
I: clinical features. Ann Neurol 19:517–524, 1986

O’Connor DW, Pollitt PA, Roth M, et al: Memory complaints
and impairment in normal, depressed, and demented el-
derly persons identified in a community survey. Arch Gen
Psychiatry 47:224–227, 1990

Olsson Y, Brun A, Englund E: Fundamental pathological lesions
in vascular dementia. Acta Neurol Scand Suppl 168:31–38,
1996

Ostrow D, Grant I, Atkinson H: Assessment and management
of the AIDS patient with neuropsychiatric disturbances.
J Clin Psychiatry 49 (suppl):14–22, 1988

Pearlson GD, Rabins PV, Kim WS, et al: Structural brain CT
changes and cognitive deficits in elderly depressives with
and without reversible dementia (“pseudodementia”).
Psychol Med 19:573–584, 1989

508 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



Perlick D: Negative symptoms are related to both frontal and
nonfrontal neuropsychological measures in chronic schizo-
phrenia. Arch Gen Psychiatry 49:245–246, 1992

Perry SW: Organic mental disorders caused by HIV: update on
early diagnosis and treatment. Am J Psychiatry 147:
696–710, 1990

Peterson B, Summergrad P: Binswanger’s disease, II:
pathogenesis of subcortical arteriosclerotic encephalo-
pathy and its relation to other dementing processes. J
Geriatr Psychiatry Neurol 2–4:171–181, 1989

Plotkin DA, Mintz J, Jarvik LF: Subjective memory complaints
in geriatric depression. Am J Psychiatry 142:1103–1105,
1985

Pohjasvaara T, Erkinjuntti T, Ylikoski R, et al: Clinical determi-
nants of poststroke dementia. Stroke 29(1):75–81, 1998

Posner TB: Paraneoplastic syndromes involving the nervous
system, in Neurology and General Medicine. Edited by
Aminoff MT. New York, Churchill Livingstone, 1989,
pp 342–364

Quality Standards Subcommittee of the American Academy of
Neurology: Practice parameter for diagnosis and evalua-
tion of dementia (summary statement). Neurology
44:2203–2206, 1994

Rabins PV: The prevalence of reversible dementia in a psychiat-
ric hospital. Hosp Community Psychiatry 32:490–492,
1981

Rabins PV, Merchant A, Nestadt G: Criteria for diagnosing re-
versible dementia caused by depression: validation by
2-year follow-up. Br J Psychiatry 144:488–492, 1984

Reding M, Haycox J, Blass J: Depression in patients referred to
a dementia clinic; a three-year prospective study. Arch
Neurol 42:894–896, 1985

Robinson RG, Bolla-Wilson K, Kaplan E, et al: Depression in-
fluences intellectual impairment in stroke patients. Br J
Psychiatry 148:541–547, 1986

Roman GC: The epidemiology of vascular dementia, in Cere-
bral Ischemia and Dementia. Edited by Hartmann A,
Kuschinsky W, Hoyer S. Berlin, Springer-Verlag, 1991,
pp 9–15

Roman GC, Tatemichi TK, Erkinjuntti T, et al: Vascular de-
mentia: diagnostic criteria for research studies (report of
the NINCDS-AIREN International Work Group). Neu-
rology 43:250–260, 1993

Rowland LP: Merritt’s Textbook of Neurology, 8th Edition.
Philadelphia, PA, Lea & Febiger, 1989

Savard RJ, Rey A, Post RM: Halstead-Reitan category test in bi-
polar and unipolar affective disorders: relationship to age
and phase of illness. J Nerv Ment Dis 168:297–304, 1980

Schmitt FA, Bigley JW, McKinnis R, et al: Neuropsychological
outcome of zidovudine (AZT) treatment of patients with
AIDS and AIDS-related complex. N Engl J Med 319:
1573–1578, 1988

Small GW: Revised ischemic score for diagnosing multi-infarct
dementia. J Clin Psychiatry 46:514–517, 1985

Stern Y, Marder K, Bell K, et al: Multidisciplinary baseline as-
sessment of homosexual men with and without human
immunodeficiency virus infection, III: neurologic and
neuropsychological findings. Arch Gen Psychiatry 48:
131–138, 1991

Summergrad P, Peterson B: Binswanger’s disease, I: the clinical
recognition of subcortical arteriosclerotic encephalopathy
in elderly neuropsychiatric patients. J Geriatr Psychiatry
Neurol 2–3:123–133, 1989

Theodore WH, Gendelman S: Meningeal carcinomatosis. Arch
Neurol 38:696–699, 1981

Tuck RR, Brew BJ, Britton AM, et al: Alcohol and brain damage.
British Journal of Addiction 79:251–259, 1984

Vanneste J, Augustijn P, Davies GAG, et al: Normal-pressure
hydrocephalus; is cisternography still useful in selecting
patients for a shunt? Arch Neurol 49:366–370, 1992

Wade JPH: Multi-infarct dementia: prevention and treatment.
Alzheimer Dis Assoc Disord 5(2):144–148, 1991

Weingartner H, Cohen RM, Murphy DL, et al: Cognitive pro-
cesses in depression. Arch Gen Psychiatry 38:42–47, 1981

Wells CE: Pseudodementia. Am J Psychiatry 136:895–900,
1979

Wolfe N, Linn R, Babikian VL, et al: Frontal systems impair-
ment following multiple lacunar infarcts. Arch Neurol 47:
129–132, 1990

Wright JM, Silove D: Pseudodementia in schizophrenia and
mania. New Zealand Journal of Psychiatry 22:109–114,
1988

Yarchoan R, Berg G, Brouwers P, et al: Response of human im-
munodeficiency–virus-associated neurological disease to
3-azido-3-deoxythymidine. Lancet 1:132–135, 1987

Zerr I, Bodemer M, Gefeller O, et al: Detection of 14-3-3 pro-
tein in the cerebrospinal fluid supports the diagnosis of
Creutzfeldt-Jakob disease. Ann Neurol 43(1):32–40, 1998

Zimmerman RD, Fleming CA, Lee BCP, et al: Periventricular
hyperintensity as seen by magnetic resonance: prevalence
and significance. AJR 146:443–450, 1986

Nondegenerative Dementing Disorders 509



This page intentionally left blank 



24
Alzheimer’s Disease and

Frontotemporal Dementia

Bruce L. Miller, M.D.

Andrew Gustavson, M.D.

Recent advances in the diagnosis and
treatment of the degenerative disorders

have been enormous. Both Alzheimer’s disease (AD) and
frontotemporal dementia (FTD) have distinct epidemio-
logical, clinical, and pathological profiles, and recent
work suggests that the two can be differentiated during
life (Miller et al. 1997a). Accurate diagnosis is no longer
purely academic because new disease-specific treatments
for AD and FTD have emerged. Another exciting ad-
vance related to these disorders has been the discovery of
a series of different genetic mutations causal for AD or
FTD. These findings are beginning to change our under-
standing of the pathogenesis of these disorders, and ulti-
mately they offer hope for the development of disease-
specific therapies that will modify disease progression.

AD is still considered a unitary disorder despite clini-
cal, genetic, and pathological variability. In contrast, with
FTD there is marked controversy as to how to classify the
clinically and pathologically diverse syndromes associated
with progressive frontotemporal degeneration. Some ex-
perts lump patients with Pick’s disease, FTD without Pick’s

bodies, progressive subcortical gliosis, primary progressive
aphasia, and corticobasal degeneration into the same cate-
gory (Kertesz 1997), whereas others insist that these are
each distinct disease entities (Neary 1997). A problem asso-
ciated with previous attempts to classify these diseases was
that little was known concerning the primary cause of
FTD. This led to a taxonomy based largely upon clinical
and pathological phenomenology. However, genetic
breakthroughs are changing the understanding of both
FTD and AD. In this chapter, we discuss AD and FTD sep-
arately and address the evolving understanding of their epi-
demiological, clinical, genetic, imaging, chemical, and
pathological features.

Alzheimer’s Disease

Epidemiology

During the final stages of AD, the patient is bedridden and
unable to swallow or mobilize, so that death often is sec-
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ondary to dehydration or sepsis. Therefore, many deaths of
patients with end-stage AD are coded on death certificates
as caused by infection. This problem, along with serious
obstacles associated with determining a proper diagnosis,
make ascertainment of the exact prevalence of AD difficult
(Hay and Ernst 1987). In addition, the clinical and patho-
logical standards regarding what constitutes AD, although
improving, continue to be flawed, which also complicates
accurate determination of AD prevalence. One commu-
nity-based study (Evans et al. 1989), estimates the preva-
lence of AD at four million cases in the United States. As-
suming this is correct, AD is the fourth leading cause of
death in adults, ranking behind heart disease, cancer, and
stroke (Office of Technology Assessment Task Force
1988).

A major risk factor for AD is aging, and AD rises with
each decade of life. AD has a prevalence of approximately
6.2% over age 65 (Roth 1978), 20% over 80 (Mortimer
1983), and 45% over 95 (Gottfries 1990). The reason for
the increase of AD with age is complex and multifactorial,
although the cumulative loss of neuronal synapses is one
important factor. Monozygotic twin studies (Gatz et al.
1997; Nee et al. 1987) suggest a strong genetic component
to AD; when one twin manifests AD, approximately 40% of
the co-twins also develop the disorder. However, often
there is a long delay between the onset of AD for the second
twin, suggesting both environmental and genetic contri-
butions to AD (Creasey et al. 1989).

Nearly all patients with Down’s syndrome who live be-
yond 40 years develop amyloid plaques in the cortex
(Ropper and Williams 1980). Because Down’s syndrome is
caused by an extra chromosome 21, it was suggested that a
gene on this chromosome might be key in the pathogenesis
of AD. Subsequent studies of familial AD led to the discov-
ery of a mutation in the amyloid precursor protein (APP)
on chromosome 21 (Goate et al. 1991; St. George-Hyslop
et al. 1990). Although such patients represent only 3% of
all familial AD, they firmly connect amyloid to AD
pathogenesis. Transgenic mice with the APP mutation de-
velop a progressive dementing disorder (D’Hooge et al.
1996) with AD-like neuropathology (Hsiao et al. 1995),
further implicating amyloid in the pathogenesis of AD.
Therefore, overproduction of amyloid as occurs with Down’s
syndrome or the presence of a mutation on chromosome 21
in the gene coding for amyloid predispose to AD.

Beyond amyloid, a complex picture regarding AD and
genetics is emerging. The most common mutation associ-
ated with early onset AD is found in the presenilin 1 gene
on chromosome 14 (Schellenberg 1995), and it accounts
for approximately 50% of all early onset familial AD. With
this mutation, AD usually begins in the fifth decade. A mu-

tation in a homologous protein on chromosome 1
(presenilin 2) has been found in a few families (Rogaev et al.
1995). The function of the presenilins is unknown, but this
is an area of intense research (Mattson and Guo 1997).

Finally, apolipoprotein E4 greatly increases the risk
that the carrier will develop AD. Unlike the presenilin and
APP mutations, most cases associated with this allele de-
velop AD after the age of 60. Carrying one apolipoprotein
E4 increases the risk for AD by 2.5 times. Two E4 proteins
increase the risk by 20-fold, with 90% of carriers develop-
ing AD by age 90 (Mayeux et al. 1998; Roses 1995). As with
the APP mutations, transgenic mice carrying the
apolipoprotein E4 allele also develop a progressive de-
menting disorder. Some researchers suggest that screening
for apolipoprotein E4 will help the clinician to pinpoint
cases of dementia that are not a result of AD (Mayeux et al.
1998). However, this concept is still controversial because
there are individuals with dementias not the result of AD
who carry the apolipoprotein E4 allele, and there are pa-
tients with AD in whom the E4 allele is not present.

Environmental risk factors play a role in the
pathogenesis of AD. Head injury (Graves et al. 1990) and
possibly small head size (Graves et al. 1996) increase the
risk for AD. Also, there is a greater prevalence of AD in low
socioeconomic groups (Zhang et al. 1990). Diminished
idea density in a young group of nuns proved to be a risk
factor for developing AD later in life (Snowdon et al. 1996).
The association between low education and AD is now ac-
cepted, although the exact mechanism for the association is
still unknown. Whether it is related to diminished educa-
tion or represents a genetic factor (Gatz et al. 1997;
Pedersen et al. 1996) that influences the likelihood that an
individual will obtain a good education is debated. How-
ever, an emerging consensus has developed that individuals
with diminished synaptic concentration, whether genetic
or acquired, are at greater risk for AD.

Various studies have found nongenetic factors offering
protection from AD. Women who take estrogen post-
menopause appear to be at a lower risk for AD than women
who do not (Paganini-Hill and Henderson 1994). Inflam-
mation is an important component of AD pathology
(McGeer and McGeer 1997) and nonsteroidal anti-
inflammatory compounds may lower the risk for develop-
ing AD (Stewart et al. 1997). Currently, larger studies are
under way to determine whether or not these purported
protective agents will truly benefit those at risk for AD.

Cognitive Features

AD is a progressive dementia characterized by a slow de-
cline in memory, language, visuospatial skills, personality,
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and cognition (Cummings and Benson 1992). Often, the
first symptom of AD is loss of the ability to learn new infor-
mation—amnesia. Three major types of memory—epi-
sodic, semantic, and working—are lost with AD. Episodic
memory, or memory for events, is highly dependent on the
hippocampus, and loss of episodic memory is a key deficit
in AD (Graham and Hodges 1997). Initially, the patient is
forgetful and repetitive, losing objects, repeating stories,
and missing appointments. Eventually, both storage and
retrieval of episodic memory become severely impaired.
Unlike the memory problems seen with frontal or
subcortical injury, clues do not dramatically help the pa-
tient to remember.

Semantic memory, or memory for facts and general in-
formation, deteriorates in AD. In the early stages of AD, it is
not as severely impaired as episodic memory. The deficit in
semantic memory leads to loss of recall for historical facts or
names. Work with a subgroup of patients with FTD (Hodges
et al. 1992) suggests that semantic memory is highly depend-
ent on the function of the left anterior temporal neocortex, a
region that is also vulnerable to AD pathology.

Also abnormal in AD is working memory, the ability to
briefly hold and then manipulate small bits of information.
This relies upon intact prefrontal cortex and posterior
temporoparietal cortex (Waltz et al., in press) and is mark-
edly impaired with AD. The amnesia of AD is the result of
the deficiency of brain acetylcholine (Bartus et al. 1982;
Whitehouse et al. 1981) and pathological damage in areas
involved with learning and memory.

Language decline follows a characteristic course. Di-
minished list generation is the first deficit, and this is fol-
lowed by word-finding trouble. Then, a fluent aphasia
emerges, associated with diminished comprehension
(Cummings et al. 1985). Neuropathology is extensive in
brain regions posterior to Wernicke’s area, and a trans-
cortical sensory aphasia often develops. Next, AD spreads
anteriorly to Wernicke’s area, and a Wernicke’s aphasia is
seen. Finally, patients become mute.

Visuospatial deficits develop early. Navigating, cook-
ing, or manipulating mechanical objects in the home are
visuospatial tasks, and the ability to perform them is often
lost in the first stages of AD. Drawing becomes abnormal,
and one should question the diagnosis of AD if the patient
can copy intersecting pentagons or a three-dimensional
figure. Eventually, ability to perform overlearned visuo-
spatial tasks such as using household items and dressing are
lost. Simultaneously, many patients develop an apraxia and
lose the ability to perform organized motor movements.
Injury to the right parietal lobe is largely responsible for
the visuospatial deficits, whereas left parietal dysfunction
accounts for the apraxia.

Deficits occur in cognition, the ability to manipulate
new information. Mathematical and business skills, judg-
ments about wills, and driving ability deteriorate. At times,
this impairment in cognition can lead to complex legal
problems. Driving, in particular, has been an area of in-
tense research (Fitten et al. 1995; Lundberg et al. 1997),
and patients with AD are more likely to suffer serious con-
sequences (Friedland et al. 1988) than elderly patients
without dementia. Therefore, many states require that pa-
tients with a diagnosis of dementia be reported to the de-
partment of motor vehicles. Parietal and frontal injury
both contribute to this aspect of the disease.

The period from onset to death typically takes from 7
to 11 years. In some patients, AD progresses with extreme
rapidity over several years, whereas in others, it advances
slowly over many decades. Initially, deficits in higher corti-
cal function predominate, whereas during the middle
stages of the disease patients often develop behavioral and
motor problems that progressively impair movement.
Finally, inability to swallow leads to aspiration pneumonia,
often the cause of death.

Neuropsychiatric Features

Subtle personality changes occur in AD, sometimes as an
early symptom (Petry et al. 1989; Rubin et al. 1987). Pa-
tients may show decreased energy, indifference, ego-
centricity, impulsivity, or irritability. Sometimes, social
withdrawal and selfishness develop. However, in contrast
to patients with FTD, many with AD show normal social
skills. Also, profound changes in judgment or behavior are
unusual in the early stages of AD.

Estimates for the prevalence of depression in AD
range from zero to 57% (Cummings et al. 1987). Major de-
pression is uncommon, but many patients with AD have
periods of depressed mood associated with a feeling of in-
adequacy and hopelessness. This depression is often modi-
fiable by environmental manipulations, although pharma-
cological treatment with the selective serotonin reuptake
inhibitors is sometimes necessary and can be highly effec-
tive. As AD progresses, delusions, agitation, and even vio-
lence are seen. Delusions in AD often relate to theft, infi-
delity, or Capgras’s syndrome (Cummings et al. 1987;
Ponton et al. 1995). Hallucinations are unusual until the
later stages and can signify a confusional state. The ana-
tomical basis for these psychiatric syndromes is injury to
the parietal, frontal, and limbic cortex (Cummings 1992).

Disorders of sleep, eating, sexual behavior, and
psychomotor activity are common. Over 50% of caregivers
describe sleep disturbances in the AD patient (Swearer et
al. 1988). Telemetry with electroencephalography (EEG)
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shows more awake time in bed, longer latencies to
rapid-eye-movement (REM) sleep, and loss of slow-wave
sleep (Prinz et al. 1982). Decreased appetite is common, al-
though weight gain is seen. Loss in sexual drive is more
common than increased drive. Psychomotor activity is in-
creased, and motor restlessness, wandering, agitation, and
aggression occur. These behaviors lead to severe problems
for the caregivers and often precipitate institutionaliza-
tion. Pathological changes in the hypothalamus and as-
cending catecholaminergic, serotoninergic, and choliner-
gic cortical projection systems may account for these
alterations in behavior.

Differential Diagnosis

Inaccuracy of diagnosis continues to plague AD research
and clinical care. In one study (Boller et al. 1989), the diag-
nosis of two clinicians was compared with findings at pa-
thology. In 63% of cases, both clinicians were correct; in
17% of cases, one was correct; and in 20% of cases, neither
was correct. Still, diagnostic accuracy rarely reaches 95%,
and studies with this degree of accuracy usually come from
the assessment of groups of highly selected patients for
whom diagnosis is more certain (Galasko et al. 1994; Read
et al. 1995). In many settings, AD is overdiagnosed and pa-
tients with FTD, Parkinson’s disease, Lewy body disease,
and vascular dementia often are diagnosed during life as
having AD. In addition, medically treatable dementias
continue to be reported in postmortem studies from re-
search centers (Joachim et al. 1988).

Research has helped improve diagnostic accuracy for
AD and non-AD dementias. The National Institute of
Neurological and Communicative Disorders and Stroke–
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) work group established research cri-
teria for probable and possible AD (McKhann et al. 1984).
The Mini-Mental State Examination (MMSE) (Folstein et
al. 1975) is a simple test that allows quantification of de-
mentia severity. The Ischemia Scale identifies those pa-
tients in whom a vascular contribution to dementia is likely
(Hachinski et al. 1975). Such tools have helped to refine
AD diagnosis.

AD is no longer a “diagnosis of exclusion,” that is, diag-
nosed by excluding other treatable disorders. Rather, an ef-
fective approach has been championed by various re-
searchers (Cummings and Benson 1992; Gustafson 1987;
Neary et al. 1988) who diagnose AD and other disorders by
their clinical phenomenology. Because AD leads to dys-
function in brain regions different from those affected in
FTD and most cases of vascular dementia, a clinical (and
imaging) evaluation that focuses upon the brain areas that

are not functioning properly can be effective in improving
diagnosis (Read et al. 1995).

Many metabolic and toxic illnesses cause cognitive im-
pairment, and elderly patients are particularly vulnerable
to developing delirium or dementia from systemic insults.
Examples of systemic diseases and conditions that can lead
to a dementia are thyroid disease, hyponatremia, B12 defi-
ciency, depression, vasculitis, and brain hypoxia from pul-
monary disease or arrhythmia (Giombetti and Miller
1990); see also Chapter 26 in this volume. Psychoactive
medications can also lead to dementia. Primary brain dis-
eases that may mimic AD include brain tumor, stroke, hy-
drocephalus, syphilis, Lyme encephalopathy, and
Whipple’s disease. Some of these conditions are treatable,
and the dementia can be reversed.

Neuroimaging

Neuroimaging techniques show promise for further im-
proving diagnosis. Computed tomography (CT) helps to
identify focal brain masses or hydrocephalus and detects
many, but not all, previous strokes. AD leads to generalized
cerebral atrophy, although atrophy also occurs in elderly
individuals without AD and in patients with non-AD de-
generative dementias. Therefore, atrophy by itself is unre-
liable as a diagnostic marker for AD.

Magnetic resonance imaging (MRI) is better than CT
at defining pathology in the temporal and basofrontal
lobes, brainstem, and white matter. However, as with CT,
atrophy on MRI cannot be used to make a presumptive di-
agnosis of AD, although quantitative analyses using MRI
distinguish most patients with AD from elderly control
subjects without AD by showing reductions in brain size
and increases in cerebrospinal fluid in the AD group
(DeCarli et al. 1990, 1996). MRI is better than CT for de-
fining vascular disease, particularly white matter disease, a
common finding in elderly populations (Boone et al. 1992).

White matter disease has many causes, with hyperten-
sion and genetics the strongest known risk factors
(Carmelli et al. 1998; Pedersen et al., in press; Salerno et al.
1992). White matter hyperintensities can cause dementia,
but large confluent lesions must be present before gross
cognitive impairment is seen (Boone et al. 1992; DeCarli et
al. 1996; Liu et al. 1992).

Positron-emission tomography (PET) and single pho-
ton emission computed tomography (SPECT) help to de-
fine dysfunctional brain areas in AD. With both PET
(Benson et al. 1983; DeCarli et al. 1996) and SPECT
(Jagust et al. 1987), marked deficits in metabolism or perfu-
sion in the temporoparietal cortex and hippocampus, areas
where plaques, tangles, and neuronal loss are most intense,
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can be seen. In contrast, in brain regions where function is
better, such as motor, sensory, and visual cortex, these
techniques reveal relatively normal metabolic activity or
perfusion.

Neither technique has perfect sensitivity nor specific-
ity. Temporoparietal hypoperfusion is not specific to AD
and is seen with hypoxia, sleep apnea, and sometimes vas-
cular dementia or Creutzfeldt-Jakob disease (Miller et al.
1990). Many patients with AD show marked asymmetry
with SPECT or PET (Grady et al. 1990), and others show
normal patterns. However, functional imaging is helpful in
the differential diagnosis of degenerative brain disease,
particularly in separating AD from FTD (Brun et al. 1994).
Several groups (Read et al. 1995; Risberg et al. 1993) report
that greater than 90% of patients with FTD can be differ-
entiated from those with AD based upon SPECT. Also,
many, but not all, patients with Creutzfeldt-Jakob disease
show with PET a mottled multifocal pattern of cerebral
metabolism (Benson 1983), which is distinct from that of
AD or FTD. With PET (Kuhl et al. 1984) and SPECT
(Miller et al. 1996), many patients with parkinsonian de-
mentia show temporoparietal hypometabolism. However,
this overlap does not reflect a deficiency of functional im-
aging because many patients with parkinsonian dementia
have AD (Hansen and Samuel 1997).

With PET and SPECT and perfusion MRI (Sandson
et al. 1996), temporoparietal changes are shown occurring
early. Using SPECT, Johnson and colleagues (1998) found
deficits in memory circuitry before the onset of clinical dis-
ease. With PET, apolipoprotein E4–positive subjects
showed temporoparietal metabolic deficits in preclinical
stages (Reiman et al. 1996; Small et al. 1996). Other re-
searchers have used activation paradigms with functional
MRI to determine the earliest deficits associated with this
illness (Gabrieli 1996).

Finally, magnetic resonance spectroscopy shows
promise for AD diagnosis. In AD, decreased n-acetyl-
aspartate (a neuronal marker) and increased myoinositol
are found (Miller et al. 1993a). More recently, Weiner and
colleagues (Schuff et al. 1998) have developed a sophisti-
cated technique for quantifying both hippocampal atrophy
and neuronal loss. The combination of these two parame-
ters led to the correct classification of 94% of control sub-
jects and 90% of subjects with AD. Comparisons between
spectroscopy and functional imaging have not yet been
performed.

Neurochemistry

Many neurochemical deficits occur in AD. The choliner-
gic deficit was discovered approximately 20 years ago

(Bowen et al. 1976; Davies and Malony 1976; Perry et al.
1977), and this finding was the theoretical basis for the
anticholinesterase medications that were developed for the
treatment of AD. Other AD-related neurochemical defi-
cits include the loss of somatostatin and serotonin (Bowen
and Davison 1986), whereas dopamine loss is more vari-
able. In contrast, patients with FTD have normal levels of
cortical acetylcholine, but marked decreases in brain sero-
tonin (Sparks and Markesbery 1991).

Neuropathology

The main features of AD are amyloid plaques, neuro-
fibrillary tangles, and neuronal and synaptic loss. The cen-
ter of the amyloid plaque consists of a 42–amino acid pro-
tein derived from the APP (Glenner and Wong 1984)
found on chromosome 21 (St. George-Hyslop et al. 1990).
Surrounding the plaque is an area of gliosis and degenerat-
ing synapses. Plaque density is greatest in hippocampus
and posterior temporoparietal cortex. Although plaques
are found in elderly individuals without AD, plaque con-
centration is far less than that in patients with AD (Blessed
et al. 1968). Amyloid accumulates in meningeal vessels
(Vinters et al. 1990) and fatal hemorrhages can occur as a
result of the effect of amyloid on these vessels (Vinters and
Gilbert 1983).

Neurofibrillary tangles are present within neurons and
stain positively with antibodies to both tau and ubiquitin
(Dickson et al. 1990). Abnormal phosphorylation of the
neuronal tau protein is a major factor in the formation of
the tangle. Few or no tangles are seen in the neocortex of el-
derly subjects without AD, but tangles occur with many
non-AD dementing conditions including subacute
sclerosing panencephalitis, dementia pugilistica, alumi-
num intoxication, postencephalitic parkinsonism, and the
parkinsonian–amyotrophic lateral sclerosis (ALS)–de-
mentia complex of Guam (Wisniewski et al. 1979).

Because elderly individuals without AD have both
plaques and tangles, research criteria for AD (Khacha-
turian 1985) use both the patient age and the concentration
of plaques and tangles to determine diagnosis. To meet AD
research criteria, patients younger than 50 years must have
two to five senile plaques per high-power field in the cor-
tex, whereas subjects between 50 and 65 must have eight
plaques per high-power field.

The role of cerebrospinal fluid markers in the diagno-
sis of AD is still limited. Cerebrospinal fluid tau is elevated
in patients with AD compared with that in control subjects
without AD (Galasko et al. 1997), but it is also elevated in
other dementing disorders such as vascular dementia
(Andreasen et al. 1998), FTD, and diffuse Lewy body dis-
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ease (Arai et al. 1997). Similarly, APP is diminished in AD
(Motter et al. 1996), although this may not differentiate
subjects with AD from subjects without AD (Southwick et
al. 1996). Efforts toward imaging amyloid as a diagnostic
test are ongoing (Walker 1991).

Treatment

Both nonpharmacological and pharmacological therapies
are beneficial in the treatment of AD. The patient’s care-
givers will require advice and education regarding the de-
mentia, superimposed psychiatric and medical conditions,
and psychosocial problems and resources. The best thera-
pies for psychiatric symptoms associated with dementia of-
ten involve manipulation of the environment. For exam-
ple, the patient who awakens during the night will sleep
during the day. Increasing daytime exercise and eliminat-
ing naps is often more effective than a sleeping medication.
It is difficult to manage aggressive behaviors in the home,
and their presence often means that the patient will require
long-term care.

Most families need extensive advice regarding psycho-
social issues. The physician will need to know when the pa-
tient might benefit from day care and when a nursing home
is required. Similarly, families will need advice regarding
the nursing homes most appropriate for their relative.
Families often benefit from consultation with attorneys.
The Alzheimer’s Association, a lay organization dedicated
to helping patients and families of patients with AD, is an
excellent community resource for family referrals.

Many medications have been unsuccessful in the treat-
ment of the dementia associated with AD. These include
calcium channel blockers, vasodilators, anticoagulants,
nootropic agents, and acetylcholine precursors (Mody and
Miller 1990). But, recently, a variety of medications have
shown efficacy in the treatment of AD. Such treatments
can be divided into drugs targeted at acute symptom man-
agement, improvement of cognition, slowing progression
of the disease, and prevention.

Anticholinesterases such as tacrine and donepezil
ameliorate deficits in cognition and activities of daily liv-
ing. Donepezil has a major benefit over tacrine in that it
does not have liver toxicity and has become the treatment
of choice for AD. Although the gains seen with these com-
pounds are often modest (Growdon 1992), there are pa-
tients in whom these medications can lead to spectacular
enhancement of day-to-day functions (Kaufer and
Cummings 1996). Memory is not the only component of
the dementia that will improve, and some subjects showed
striking changes in attention, focus, or neuropsychiatric
symptoms. In fact, Kaufer and Cummings (1996) found

that improvement on anticholinesterases was greatest in
patients in the middle stages of the illness and in whom psy-
chiatric symptomatology was prominent.

Recent efforts have attempted to predict which pa-
tients will respond to therapy. In preliminary neuro-
imaging studies, pretherapy perfusion deficits of the
dorsolateral parietal, orbitofrontal, and anterior cingulate
regions predicted anticholinesterase responders (Mega et
al. 1998). Similarly, the anticholinesterase inhibitor
metrifonate has been shown to improve behavioral symp-
toms, in addition to the cognitive deficits, of patients with
AD (Cummings et al. 1998).

Preventive therapy is directed at increase of neuronal
survival, inhibition of amyloid plaque formation, and sup-
pression of abnormal tau protein formation. Nonsteroidal
anti-inflammatory compounds, selective COX-2 inhibi-
tors, neurotrophic factors, vitamin E, and other antioxi-
dants are being investigated as possibly increasing neuro-
nal survival. In a large clinical trial (Sano et al. 1996), 2000
IU of vitamin E delayed institutionalization and death. At-
tempts to replicate a benefit for vitamin E in patients with
early AD are under way.

As is noted earlier in this chapter, estrogen replace-
ment therapy in postmenopausal women has been shown
to prevent cognitive decline (Paganini-Hill and Hender-
son 1994). The mechanisms for estrogens are not com-
pletely known although they can increase neuronal sprout-
ing and survival. Androgens are also being explored as a
potential therapeutic agent for men.

Treating superimposed medical conditions can be dif-
ficult, as they are often subtle and hard to diagnose. The pa-
tient with advanced AD who has little or no verbal expres-
sion cannot communicate, and even small problems such as
constipation or a tooth cavity can go unrecognized, leading
to serious complications such as bowel obstruction or
orofacial abscess. Immobility and aspiration pneumonia
are the major causes of mortality in AD. Because patients
do not suddenly deteriorate as a result of AD, when sudden
deterioration occurs one should suspect an infection,
stroke, myocardial infarction, or drug-induced delirium
(Giombetti and Miller 1990).

Drug therapies for AD-associated psychiatric symp-
toms often have substantial side effects. Depression re-
sponds to antidepressants, but also to placebo (Teri et al.
1991). Violent psychosis is improved with traditional
antipsychotics, but these medications are sedating, and
sudden death has been described in patients with AD who
exhibit parkinsonian features (McKeith et al. 1992). New
atypical antipsychotics such as risperidone and olanzapine
may be safer based on clinical experience, though con-
trolled trials have not been conducted. Benzodiazepines
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rarely help anxiety and may cause a paradoxical increase in
agitation.

Dementia With Lewy Bodies

Dementia with Lewy bodies (DLB) is a clinicopathological
entity with histological features overlapping with those of
AD. The clinical characteristics of DLB include a dementia
syndrome and two of the three following features: fluctuat-
ing cognition, visual hallucinations, and parkinsonism.
The typical dementia syndrome of DLB resembles that of
AD, but the patients typically have less severe memory im-
pairments early in their clinical course and may have more
evidence of executive dysfunction. Fluctuating cognition
refers to relatively dramatic day-to-day fluctuations in pa-
tient cognitive function. In some cases, periods of loss of
consciousness or syncope can occur. The typical visual hal-
lucinations of DLB are silent, well-formed images of peo-
ple, objects, or animals that the patient endorses as real.
Parkinsonism in DLB is usually mild and features rigidity
and bradykinesia with little tremor. Supportive features of
the diagnosis of DLB include delusions, hallucinations in
other sensory modalities, hypersensitivity to neuroleptic
medication, falls, syncope, and episodic loss of conscious-
ness (McKeith et al. 1996). The course of DLB from recog-
nition of symptoms to death is 6–8 years, shorter than the
natural history of AD. Death may be hastened by the use of
conventional neuroleptic medication.

Neuropathologically, patients with DLB are found at
autopsy to have extensive neurotic plaque similar to that
found in patients with AD. Patients with DLB have few
neurofibrillary tangles, and they have extensive Lewy body
formation, particularly in paralimbic cortical areas such as
anterior cingulate gyrus, insular cortex, and medial tempo-
ral regions. Lewy bodies also are found in neocortex. Pa-
tients with DLB have brainstem pathology, with Lewy
bodies in the substantia nigra. The pathological changes in
the brainstem are typically less extensive than those found
in Parkinson’s disease.

Patients with DLB have a marked deficit in choline
acetyltransferase and a consequent deficiency in acetylcho-
line synthesis in the cortex (Perry et al. 1990). The
cholinergic deficiency is more marked in patients with
prominent visual hallucinations than those without. Also, a
modest loss of dopamine in the striatum is seen, corre-
sponding to the reduction of cells in the substantia nigra
(Perry et al. 1990).

The approach to treatment of DLB is similar to that
for AD. Cholinesterase inhibitors may ameliorate the cog-
nitive deficit and often produce a beneficial behavioral

response. Conventional neuroleptic medications must be
avoided because of excessive neuroleptic sensitivity, but
delusions and hallucinations may respond well to novel
antipsychotics including risperidone, olanzapine, or
quetiapine. Depressive symptoms are common in DLB
and should be treated with selective serotonin reuptake in-
hibitors.

Frontotemporal Dementia

Nosology

The second group of dementing disorders, the FTDs, are
associated with degeneration of the anterior frontal and
temporal lobes. The taxonomy connected with FTD is
both confusing and controversial, related in large part to
our fundamental lack of knowledge concerning the patho-
genesis of these conditions. Compounding this problem,
many researchers have described new disease entities (or
resurrected diagnoses from prior decades) to describe pa-
tients in whom clinical or pathological findings are slightly
different from those found in classical Pick’s disease.

Some terms used to describe diverse syndromes with
similar pathology include progressive subcortical gliosis
(Neumann and Cohn 1967), dementia of frontal lobe type
(Neary et al. 1988), frontal lobe dementia of non-
Alzheimer type (Brun 1987), dementia lacking distinctive
histological features (Knopman et al. 1990), primary pro-
gressive aphasia (Mesulam 1982), semantic dementia
(Snowden et al. 1992), and the temporal lobe variant of
FTD (Edwards-Lee et al. 1997). Further complicating this
nomenclature dilemma is the discovery that some patients
with ALS develop FTD and, in these patients, the patho-
logical findings in cortex suggest Pick’s disease (Sam et al.
1991) or FTD without Pick’s bodies (Mitsuyama 1984).
Recently, some have suggested that corticobasal degenera-
tion is a subtype of FTD due to the clinical and pathological
overlap of the two conditions (Jackson and Lowe 1996;
Kertesz 1997).

The Lund and Manchester research groups estab-
lished guidelines for diagnosis and suggested the term
frontotemporal dementia (Brun et al. 1994); this term is
used in this chapter. As described below, new genetic find-
ings related to FTD may help to clarify whether or not
these entities should be split or lumped together.

Epidemiology

The prevalence of FTD is hard to estimate, in part, because
many patients with FTD are either not recognized during
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life or are misdiagnosed as having AD (Mendez et al. 1993).
The best data on prevalence come from studies in Lund,
Sweden, and Manchester, England. In the Swedish study
(Gustafson et al. 1990), 20 of 150 (13.3%) patients with
presenile dementia had the characteristic pathological
findings of FTD including frontal and usually anterior
temporal lobe gliosis, spongiosis, and neuronal dropout.
Only four patients (2.7% of total) had classical Pick’s dis-
ease, whereas 16 (10.6% of total) had FTD without Pick’s
bodies. In the Manchester study (Neary et al. 1987), 21.9%
of 41 patients with a presenile dementia had FTD.

The typical age at onset for FTD is the sixth to seventh
decade, with duration of illness being approximately 7
years. Between 38% and 60% of patients with FTD have a
family history of dementia; often the history suggests a
dominantly inherited illness (Gustafson 1993; Miller et al.
1998; Stevens et al. 1998). In the University of Califor-
nia–Los Angeles (UCLA) cohort, approximately one-half
of the patients had at least one first-degree relative with
FTD or a related disorder such as ALS. Of this group, 86%
appeared to have a dominant pattern of inheritance (Chow
et al. 1999).

The genetic basis for FTD is being aggressively stud-
ied. Some suggest that the E4 allele is slightly over-
represented in FTD (Stevens et al. 1997), whereas others
disagree with this (Geschwind et al. 1998; Mesulam et al.
1997). Wilhelmsen and colleagues (1994) showed linkage
of FTD to chromosome 17 in a large family with
“disinhibition-dementia-Parkinsonism and amyotrophy.”
Later, linkage to this region was also found in patients with
progressive subcortical gliosis, multiple tauopathy, heredi-
tary dysphasic dementia, pallidopontonigral degeneration,
and bilateral amygdala degeneration (Foster et al. 1997). In
some families with 17-linkage there are mutations in the
tau gene (Clark et al., in press; Hutton et al. 1998; Poorkaj
et al., in press). In contrast to the rapid advances in FTD ge-
netics, epidemiological studies have yielded little fruit be-
cause clinical cohorts used to study FTD have been too
small for study results to make meaningful statements
about other risk factors.

Clinical Features and
Differential Diagnosis

Although the varied syndromes associated with FTD have
slightly different clinical features, similarities among the
different entities are far outweighed by differences.
Usually, changes in personality precede gross dementia by
several years (Miller et al. 1991). Many patients are socially
withdrawn and apathetic (Cummings and Duchen 1981;
Gustafson 1987; Neary et al. 1987). Also, behavioral

disinhibition and loss of judgment and insight are com-
mon. This can lead to legal difficulties; in one study, nearly
50% of patients with FTD committed an antisocial act that
either led to or could have led to arrest (Miller et al. 1997a).
Insight or concern into these legal problems is usually di-
minished or absent.

The symptoms of apathy and disinhibition can be ex-
plained by dysfunction of the frontal lobes. Blumer and
Benson (1975) called these the pseudodepressed and
pseudopsychopathic personality disorders of frontal lobe
dysfunction. Apathy occurs as a result of medial frontal in-
jury, whereas disinhibition is the result of basofrontal dys-
function (Cummings 1993). Both areas are usually in-
volved in FTD.

Peculiar behaviors develop that are in part a result of
involvement of the anterotemporal lobes. Klüver-Bucy
syndrome was described in macaque monkeys after the
anterotemporal lobes and amygdala were removed (Klüver
and Bucy 1939). These monkeys developed hyperorality,
hypersexuality, visual hypermetamorphosis, placidity, and
sensory agnosia. In addition, anterotemporal lobectomiz-
ed primates lose socially affiliative behavior (Kling and
Steklis 1976). Common behavioral findings that can be at-
tributed to anterotemporal lobe dysfunction include
hyperorality, placidity, compulsive motor behaviors, bi-
zarre and remote affect, hyperreligiosity, and development
of eccentric ideas.

Another possible explanation for the hyperorality, car-
bohydrate craving, and compulsions found in FTD is the
loss of brain serotonin associated with this condition
(Sparks and Markesbery 1991). Approximately two-thirds
of subjects with FTD show hyperorality, carbohydrate
craving, and compulsions (Miller et al. 1995). These symp-
toms are manifested by compulsive gum chewing or smok-
ing, massive weight gain, and an intense craving for sweets.
Compulsive collecting and ritualistic obsessions related to
urination or bowel movements are common.

Once cognitive symptoms develop, a characteristic
pattern of decline ensues. Initially, language output is eco-
nomical, and, as the disease progresses, verbal stereotypes,
such as “let’s go, let’s go,” are seen. Some patients become
mute while other cognitive skills are still relatively intact.
As in AD, an early change in language is difficulty in gener-
ating a word list, but, unlike in AD, semantic anomia is
common, particularly in those patients with left
anterotemporal lobe dysfunction. With this anomia, the
patient is not helped by clues, and, when told that an object
is a key, the patient might say, “Key, key, I don’t know what a
key is.” Hodges and colleagues (1992) and Snowden and
colleagues (1992) have named this semantic dementia. Pa-
tients with predominantly frontal lobe pathology do not
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typically show this type of language disorder.
Parietal and posterior language functions such as read-

ing, writing, and calculation are spared in the early and
even middle stages of FTD (Neary et al. 1988). Unlike in
AD, visuospatial skills are usually normal or near normal,
and many patients can draw in three dimensions without
difficulty. Some patients can draw complex designs and
multiply three-number integers at a time when they are
mute and behaviorally impaired.

Neuropsychological testing shows selective impair-
ment of executive skills in the early stages. This includes
perseveration and difficulties in set shifting, impairments
in verbal and design fluency, poor attention, and impaired
response inhibition. Word retrieval, memory, calculation,
and pencil-and-paper constructional skills are generally
spared relative to executive abilities (Miller et al. 1991).
However, it is difficult to use neuropsychological testing
alone to differentiate patients with FTD from those with
AD (Pachana et al. 1996).

Motor systems are initially normal. However, as FTD
advances, parkinsonian symptoms including diminished
eye movements, tremor, and bradykinesia develop in some
patients. Some patients develop ALS months to years after
the onset of their dementia, whereas in others manifesta-
tions of ALS precede dementia. In the end stages, FTD is
difficult to distinguish from AD.

The EEG shows frontal slowing over a normal back-
ground in the early phases (Yener et al. 1996). CT and MRI
can be normal at first, although often both show anterior
atrophy at the time of presentation (Gustafson et al. 1990;
Miller et al. 1991). SPECT and PET detect cerebral dys-
function in the frontal and temporal regions even in pa-
tients without major cognitive deficits. SPECT shows
frontal and sometimes temporal hypoperfusion in early
FTD (Brun et al. 1994; Jagust et al. 1989; Neary et al. 1988)
(Figure 24–1). In some patients, the temporal lobes are
more severely involved than the frontal regions. Unlike in
AD, posterior temporal areas show relatively normal per-
fusion. PET demonstrates frontotemporal hypo-
metabolism (Kamo et al. 1987). Using careful clinical pa-
rameters and SPECT, several groups (Read et al. 1995;
Risberg et al. 1993) achieved diagnostic accuracy of greater
than 90%. SPECT and PET show promise for improving
clinical diagnosis; with these modalities, patients with
FTD can usually be distinguished from those with AD (see
SPECT images in Figure 24–2).

The Lund and Manchester research groups have sug-
gested a series of items that help to diagnose FTD. They
listed 26 items, all graded as “yes” or “no.” The items are di-
vided into the following categories: behavior, speech, af-
fect, spatial orientation/praxis, physical signs, investiga-

tions, and supportive findings. Also, there are 14 exclusion
items. We studied the sensitivity and specificity of these
items in separating patients with FTD from those with AD.
We scored every patient on each item and compared the
two groups. A discriminant function showed that loss of
personal awareness, hyperorality, stereotyped and
perseverative behavior, progressive reduction of speech,
and preserved spatial orientation differentiated 100% of
FTD and AD subjects (Miller et al. 1997b). Items relating
to affect and physical findings were not different in FTD
versus AD. Loss of personal awareness, eating, persevera-
tive behavior, and reduction of speech are the Lund-
Manchester Research Criteria items that most clearly dif-
ferentiate FTD from AD. Tables 24–1 and 24–2 compare
and contrast the neuropsychiatric and neuropsychological
differences of AD and FTD.

Neuropathological Findings

All of the clinical entities described show neuro-
pathological similarities. Brain weight is slightly to moder-
ately reduced. Grossly, the brain has mild-to-severe frontal
and/or frontal and anterotemporal atrophy. Neuronal loss,
gliosis, and mild-to-moderate spongiform changes are
found, primarily in the first three layers of the cortex.
Gliosis is visualized with stains for glial acid fibrillary pro-
tein. Neuronal loss can be subtle, but disruption of
neuronal cytoskeleton is seen, and there is dying back of
neurons, which stain as periodic acid–Schiff (PAS)-positive
spheroids (Zhou et al., in press). Plaques and tangles do not
occur beyond what is seen in elderly individuals without
FTD. Subcortical structures, such as the substantia nigra,
are often abnormal. Severe degeneration of the substantia
nigra was observed in 79% of patients with dementia lack-
ing distinctive histology (Knopman et al. 1990), in 78% of
patients with Pick’s disease (Kosaka et al. 1991), and in
three patients with dementia with motor neuron disease
(Horoupian et al. 1984). Table 24–3 contrasts the pathol-
ogy of AD versus FTD.

Clinical and Pathological Features of
Frontotemporal Dementia Subtypes

As is noted in the section on nosology, a variety of disorders
can be considered clinical and pathological subtypes of
FTD. These entities are described below.

Pick’s disease. Pick first described the clinical and
gross morphological features of his patients in 1892, but it
took almost 20 years before Alzheimer noted the presence
of cellular inclusions in Pick’s original cases. Pick’s disease
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FIGURE 24–1. Panel A: Xenon-133 scan from a patient with early frontal lobe dementia (FLD). Note marked decreases in
frontal perfusion. Panel B: A technetium–99m-labeled hexamethylpropyleneamine oxime (HMPAO) study from the same subject,
showing marked frontal hypoperfusion with normal temporoparietal perfusion.

FIGURE 24–2. Panel A: Cerebral blood flow with xenon-133 in an elderly control subject. Cerebral blood flow is color coded
to mL/100 g tissue per minute. Parietotemporal flow is normal. Panel B: Xenon-133 scan in a patient with Alzheimer’s disease.
Note markedly decreased perfusion to the temporoparietal cortex. Panel C: High-resolution scan of cerebral blood flow in an el-
derly control subject using technetium–99m-labeled hexamethylpropyleneamine oxime (HMPAO). The scan is color coded, and
areas of yellow are 50%–62% of maximal cortical perfusion; areas of green are 40%–50%. Perfusion is symmetrical throughout
the cortex. Panel D: HMPAO scan showing cerebral blood flow in a patient with Alzheimer’s disease. Temporoparietal perfusion
is approximately 50%–60% of normal (yellow color).



accounts for 2%–3% of all degenerative dementias
(Gustafson et al. 1990), but it is not possible to clinically
distinguish patients with Pick’s disease from patients with
FTD without Pick’s bodies. In the early stages, patients de-
velop the Klüver-Bucy syndrome (Cummings and Duchen
1981), whereas in patients with AD this tends to occur in
the later stages (Cummings and Benson 1992). As with the
other FTDs, deterioration in personality in Pick’s disease
contrasts with relatively preserved visuospatial skills
(Gustafson 1987). Also, language disturbances are com-
mon and may consist of semantic anomia, circumlocution,
and verbal stereotypies with echolalia (Cummings and
Duchen 1981; Miller et al. 1993a). Pick’s disease can pre-
sent as a highly selective language disturbance rather than
as a dementia (Pick 1892; Wechsler et al. 1982), though this
is more characteristic of the focal atrophies (Malamud and
Boyd 1940; Mesulam 1982; Snowden et al. 1992). Neuro-
psychological tests show mainly frontal lobe dysfunction.
These clinical, neuropsychological, and pathological find-
ings are reflected in metabolic alterations revealed by PET
(Kamo et al. 1987).

At autopsy, the brains of patients with Pick’s disease
show circumscribed atrophy of the frontal and/or temporal
lobes. Microscopically there is neuronal loss, gliosis, and
Pick’s bodies, which are argentophilic cytoplasmic inclu-
sions that fill inflated neurons (Pick’s cells) (Corsellis
1976). These cells may be rare, and an extensive search may
be necessary to achieve diagnosis. Asymmetric involve-
ment of the frontotemporal lobes is seen in 70% of pa-
tients; 50% have more left-sided atrophy (Corsellis 1976;
Cummings and Benson 1992). PET identifies reduced per-
fusion and metabolism in the frontal and temporal lobes
(Kamo et al. 1987). However, tissue confirmation of Pick’s
bodies is needed for diagnosis, and functional imaging can-
not distinguish patients with Pick’s disease from those with
FTD without Pick’s bodies.

Frontal lobe dementia of the non-Alzheimer
type and dementia of the frontal type. During
the 1980s, studies performed by the Lund, Sweden, and
Manchester, England, groups brought FTD into the mod-
ern era. In Lund, Brun, Gustafson, and Risberg carefully
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TABLE 24–1. Psychiatric distinctions

Diagnosis Behavior Affect Apathy Delusions Compulsions Eating
Alzheimer’s disease Socially correct Normal Mild Simple Mild Weight loss
Frontotemporal

dementia
Early disinhibition Remote,

bizarre
Severe Bizarre Severe Weight gain

TABLE 24–2. Neuropsychological features

Diagnosis Drawing Memory Executive Generation Anomia
Alzheimer’s disease Impaired Impaired Impaired Impaired Lexical
Frontotemporal dementia Spared Variable Severely impaired Severely impaired Semantic (often)

TABLE 24–3. Neuropathology features

Diagnosis Plaques
Neurofibrillary
tangles Gliosis Abnormal genes Neurochemistry

Alzheimer’s
disease

Yes Yes Proportional to
neuronal loss

Amyloid precursor protein,
presenilin 1 and 2

Apolipoprotein E4
Tau mutations

Presynaptic
cholinergic and
serotonergic

Frontotemporal
dementia

No No
(except for familial

tauopathy)

Out of proportion
to neuronal loss

Postsynaptic
cholinergic,
presynaptic and
postsynaptic
serotonergic



characterized the clinical, perfusion, and pathological fea-
tures of a large population with dementia. Of their first 150
patients, 20 showed non-AD pathology that affected the
frontal and temporal regions. Hence the name “frontal
lobe dementia of the non-Alzheimer type.” Four patients
showed classical Pick’s disease whereas 16 showed frontal
and temporally predominant gliosis, spongiosus, and
neuronal loss without Pick’s bodies. Brun emphasized that
the gliosis selectively involved the first three layers of cor-
tex (Brun 1987).

Similarly, the Manchester group, led by Neary and
Bowen, performed a biopsy study of patients with presenile
dementia. Histology was performed immediately follow-
ing biopsy so that a diagnosis was quickly obtained. Neary
and colleagues (1988) noted the distinctive frontal clinical
and imaging features of a subtype in whom biopsy showed
gliosis, neuronal loss, and spongiosus. They chose the term
“dementia of the frontal lobe type” to describe this popula-
tion who shared the clinical and pathological features of the
patients seen in Lund. In 1994, the Lund and Manchester
groups (Brun et al. 1994) established research criteria for
these conditions and replaced previous nomenclature with
the term FTD.

Dementia lacking distinctive histological fea-
tures. The categories “dementia of the frontal lobe type”
(Neary et al. 1988), “frontal lobe dementia of the non-
Alzheimer type” (Brun 1987), and “dementia lacking distinc-
tive histological features” (Knopman et al. 1990) seem to be
describing the same disorders. In the study by Knopman et al.
(1990), the authors emphasized memory loss, prominent per-
sonality changes, and prominent dysphagia and dysarthria in
later stages.Deathofpatientsoccurredwithin7yearsofonset
of dementia. Fifty percent of patients had a positive family
history of dementia, and cases of ALS were seen rarely in
these families. It was difficult to distinguish these patients
from those with classical Pick’s disease at autopsy.

Progressive subcortical gliosis. Neumann and
Cohn (1967) described a “new disease entity” for which
they coined the term progressive subcortical gliosis. Clinically,
their patients showed personality changes including social
impropriety, poor judgment, and perseveration. Memory
impairment was common. One patient was unable to rec-
ognize family members and had paraphasias; another had
childish behavior and paranoid delusions. Some developed
muscle atrophy before death. Functional imaging studies
were not performed, but clinically and pathologically these
patients seemed similar to patients with FTD.

Pathologically, frontotemporal atrophy was seen.
Also, neuronal loss with reactive astrocytosis occurred in

cortex, whereas rich gliosis was found in the subcortical ar-
eas. Ventral horns and substantia nigra showed abnormal
gliosis. The presence of muscle atrophy and ventral horn
gliosis in patients with progressive subcortical gliosis sug-
gested a possible relationship between this disease and
ALS. Our own most recent patient with this syndrome had
a fulminant ALS associated with a progressive frontal syn-
drome. He resembled many of our patients with FTD on
clinical and imaging features. A familial incidence has been
found with progressive subcortical gliosis and linkage to
chromosome 17 (Petersen et al. 1995). The prominent
pathological feature of these patients is intense gliosis at
the junction of six-layer cortex and white matter. However,
because of the overlap between this entity and Pick’s dis-
ease, the original authors called it “Pick’s disease, type II”
(Neumann 1949).

Focal lobar atrophies. Although awareness of an
entity associated with focal degeneration of language areas
dates back at least to Alajouanine’s description of the com-
poser Ravel (Alajouanine 1948), it was Mesulam (1982)
who first defined the entity of primary progressive aphasia.
Mesulam described six patients with a progressive aphasia
without signs of global dementia. Symptoms in five pa-
tients began with anomic aphasia, whereas symptoms in the
sixth started with pure word deafness. Most progressed for
years with language disturbance, while right-hemisphere
functions and memory remained intact. Studies with both
SPECT (Mesulam 1982; Snowden et al. 1992) and PET
(Chawluk et al. 1986) demonstrated focal hypoperfusion in
the left anterior hemisphere, whereas the right hemisphere
showed mild or no hypoperfusion. Focal degeneration of
the left anterior hemisphere can be genetically pro-
grammed, and Morris and colleagues (Lendon et al. 1998;
Morris et al. 1984) have described a large family with this
syndrome in whom linkage to chromosome 17 is present.

Although there are many reports on left fronto-
temporal lobar atrophies, only isolated reports exist con-
cerning the behavioral and neuropsychological changes as-
sociated with right frontotemporal degeneration (Tyrrell
et al. 1990). We described five patients with progressive
right frontotemporal dysfunction, all of whom differed
clinically and neuropsychologically from patients previ-
ously studied with left frontotemporal degeneration
(Miller et al. 1993b). Our five patients exhibited dramatic
changes in personality characterized by remote affect, se-
vere behavioral disinhibition, agitation, hyperreligiosity,
and impaired judgment. They showed profound disrup-
tion of social conduct. Also, they had difficulty recognizing
familiar faces and voices, and, surprisingly, some had a se-
mantic anomia. They had less language difficulty and
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slightly more visuoconstructive problems than patients
with left frontotemporal involvement.

Patients with progressive aphasia have been examined
neuropathologically. In this population, the anatomical ab-
normalities typically are neuronal loss, gliosis, and atrophy
localized primarily to the left temporal region, particularly
the left-inferior and middle-temporal gyri. These findings
mimic what is seen with FTD. We have seen similar
changes in patients with right temporal atrophy.

Amyotrophic lateral sclerosis. Classically, lesions
in ALS are localized to the upper and lower motor neurons.
However, studies show that other areas of the cortex are of-
ten involved (Hudson 1991). Clinically, up to 15% of pa-
tients with ALS develop mental symptoms (Hudson 1981),
and the cognitive changes often suggest frontal involve-
ment (Hudson 1991; Mitsuyama 1984; Morita et al. 1987).
Also, Klüver-Bucy syndrome has been described.

Patients with ALS show deficits in neuropsychological
testing (Peavy et al. 1992). Although many patients are
neuropsychologically normal, others show serious deficits
in frontal systems tasks and memory. In vivo studies with
PET, using [18F]fluoro-2-deoxyglucose, have shown gen-
eralized hypometabolism, most severe in the sensorimotor
cortex and putamen (Dalakas et al. 1987; Hatazawa et al.
1988). Focal frontal and temporal hypometabolism was not
reported. Similar patterns have been observed in ALS us-
ing SPECT (Figure 24–3). At autopsy, patients with ALS
show nonspecific neuronal degeneration and gliosis (par-
ticularly in the upper cortical layers) and sponginess of the
neuropil, most severely in the frontal and medial temporal
regions (Horoupian et al. 1984).

Secondary frontotemporal dementias. Finally,
there are diseases that cause frontal lobe dysfunction where
the main pathology is not at the level of the frontal lobes.
Several different mechanisms lead to secondary FTDs.
One occurs in patients in whom the primary pathology oc-
curs at the level of the basal ganglia, as in patients with
Parkinson’s disease, Huntington’s disease, and Wilson’s
disease (Benson 1993). Because there are extensive connec-
tions between the basal ganglia and the frontal lobes, injury
to the substantia nigra and neostriatum can cause frontal
lobe–type dysfunction (Cummings 1993). These illnesses
can usually be differentiated from primary FTD because a
movement disorder is prominent. Also, the dementia with
these diseases is characterized by marked awareness and
concern and mental slowing, in marked contrast to the de-
mentia associated with FTD.

A similar mechanism is associated with diseases of
subfrontal white matter, which can disconnect the frontal
lobes from their subcortical connections. This occurs in
some types of vascular dementia such as Binswanger’s
disease, a few inherited metabolic diseases such as meta-
chromatic leukodystrophy, and a variety of demyelinating
illnesses such as multiple sclerosis. These patients can ap-
pear clinically similar to those with FTD, although MRI
shows extensive white matter lesions not typically present
with primary FTD.

With alcoholism, general paresis of the insane, some
cases of Creutzfeldt-Jakob disease, and acquired immuno-
deficiency syndrome (AIDS) dementia, there is a primary
attack on the frontal lobes. History, serological testing, and
lumbar puncture should differentiate these patients from
those with primary FTD. With some diseases, such as
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FIGURE 24–3. Panel A: Xenon-133 scan of a patient with amyotrophic lateral sclerosis (ALS). Note mild frontal and temporal
hypoperfusion. Panel B: Hexamethylpropyleneamine oxime (HMPAO) scan of the same patient, showing frontal and temporal
hypoperfusion.



corticobasal degeneration, parkinsonian-ALS-dementia
complex of Guam, Lewy body dementia, many cases of
Creutzfeldt-Jakob disease, and AIDS dementia, both the
frontal and the subcortical systems are involved. Patients
with these diseases can be hard to differentiate from pa-
tients with advanced FTD in whom both the subcortical
and the frontal lobes are dysfunctional.

Treatment

There has been little effort to systematically assess treat-
ment associated with FTD. However, we have had some
success using selective serotonin reuptake inhibitors.
Swartz and colleagues (1997) found that in more than
one-half of subjects with FTD the eating disorder, compul-
sions, irritability, and depressed mood improved with these
compounds. Anecdotally, we have found that some patients
with FTD show greater irritability when given anti-
cholinesterase compounds, although this has not been for-
mally studied. To date, no therapy has been found that will
slow progression or improve cognition.

Summary

In this chapter, we outlined the clinical, genetic, imaging,
and neuropathological characteristics of the two major
cortical dementias: AD and FTD. As our knowledge of
these conditions advances and as diagnostic tools are re-
fined, improved diagnosis and a better understanding of
pathogenesis will become possible. With this, better treat-
ments will emerge.
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25
Hyperkinetic Movement

Disorders

George R. Jackson, M.D., Ph.D.

Anthony E. Lang, M.D., F.R.C.P.

Movement disorders constitute a spec-
trum of abnormalities that in broad-

est terms can be classified as either hypokinetic or hyper-
kinetic (Weiner and Lang 1989). Hypokinetic disorders are
characterized by significant impairment in the initiation
of movement (akinesia) and reduction in the amplitude
and speed of movement (bradykinesia), as well as in-
creased muscle tone (rigidity). Idiopathic Parkinson’s dis-
ease is a prototypic akinetic-rigid syndrome (see Chapter
26 in this volume). In contrast, hyperkinetic disorders are
characterized by excessive motor activity manifesting as
involuntary movements (or dyskinesias). Common types
of dyskinesias include tremor, chorea, dystonia, myoclo-
nus, and tics.

Abnormal movements in elderly patients may occur in
a wide variety of primary central nervous system disorders
(e.g., neurodegenerative diseases). Alternatively, move-
ment disorders in the elderly may be secondary to systemic
processes, such as drug exposure, metabolic disturbances,
vascular disease, or hypoxic-ischemic injury. A systematic
approach to a patient presenting with abnormal move-

ments must include a careful history of the onset and course
of illness as well as a detailed physical examination. Evalua-
tion should include a remote and current drug history and
documentation of family history. It is often necessary to re-
view this information repeatedly or to seek additional de-
tails from other sources (e.g., other family members or
physicians). When assessing a hyperkinetic movement dis-
order, the physician must first attempt to classify the nature
of the dyskinesia. This “what is the dyskinesia?” step is a
critical first component of the diagnostic approach to pa-
tients with movement disorders. It precedes the classic
neurological questions of “where is the lesion?” and “what
is the lesion?” Once the dyskinesia has been classified accu-
rately using the definitions provided in the following sec-
tions, knowledge of the differential diagnosis of a particu-
lar dyskinesia guides the diagnostic evaluation and
approach to treatment. Investigations will vary depending
on clinical suspicion.

Many hyperkinetic movement disorders arise from
dysfunction of the basal ganglia. Although the patho-
physiology of hyperkinetic movement disorders, such as
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Huntington’s disease, often may be understood by examin-
ing the effects of known anatomical and neurochemical al-
terations on basal ganglia circuitry, in other instances, such
as tics, examination of basal ganglia pathways sheds little
light on pathophysiology. Moreover, in many cases, theo-
ries of basal ganglia dysfunction in movement disorders do
not guide therapeutic interventions. For these reasons, this
chapter does not summarize current theories of basal gan-
glia function and dysfunction in movement disorders. In-
terested readers are referred to several excellent reviews on
this subject (Albin et al. 1989; Weiner and Lang 1989;
Wichmann 1997). In the remainder of this chapter, we re-
view the hyperkinetic movement disorders seen in older
patients. The behavioral changes that commonly occur in
these patients, either as a primary component of the disor-
der or secondary to the resulting disability, are highlighted.

Tremor

Tremor is defined as involuntary rhythmic oscillatory
movement resulting from alternating or synchronous
contraction of antagonist muscles. Tremor can be an exag-
gerated normal physiological process, an isolated mono-
symptomatic illness, or a component of a variety of neuro-
logical disorders. Usually, tremor is classified according to
the circumstances in which it occurs. A rest tremor is seen
with the body part in complete repose. Maintenance of a
posture, such as extending the arms parallel to the floor,
elicits a postural tremor. Kinetic tremor (or intention
tremor) is seen during volitional movement. Other impor-
tant descriptive qualities include the frequency, amplitude,
and topographic distribution of the tremor (e.g., face or
lower extremities).

Rest tremor is most commonly a sign of idiopathic
Parkinson’s disease or its drug-induced counterpart, but it
sometimes may be seen in other conditions. Approximately
75% of patients with Parkinson’s disease exhibit a 4- to
6-Hz rest tremor, which usually begins unilaterally in the
upper or lower extremity. The well-recognized appearance
of a “pill-rolling” tremor of the arm is characteristic of Par-
kinson’s disease and results from rhythmic extension-
flexion of the wrist, pronation-supination of the forearm,
and grasping movements of the fingers. Many patients with
Parkinson’s disease also have an 8- to 12-Hz postural
tremor of the arms that is clinically indistinguishable from
essential tremor. (For further discussion of Parkinson’s dis-
ease, see Chapter 26 in this volume.)

Unlike the close association between rest tremor and
Parkinson’s disease, postural and kinetic tremors occur in a
wide range of disorders. In the elderly, pathological pos-

tural and kinetic tremors usually represent essential tremor
or side effects of medications. Table 25–1 provides a sum-
mary of the various causes of tremor in elderly people.

In normal individuals, a low-amplitude, 10- to 12-Hz
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TABLE 25–1. Classification and differential
diagnosis of tremor in elderly
patients

Rest tremor
Parkinson’s disease
Other parkinsonian syndromes (less commonly)
Midbrain (“rubral”) tremor: the rest tremor is less
prominent than the postural tremor, which is less
prominent than the kinetic tremor
Essential tremor—only if severe: rest tremor is much less
severe than the postural and kinetic tremors

Postural tremor (typically with terminal accentuation)
Physiological tremor
Exaggerated physiological tremor

Stress, fatigue, and emotion
Endocrine: hypoglycemia, thyrotoxicosis,
pheochromocytoma, and steroids
Drugs and toxins: β agonists, dopamine agonists,
lithium, tricyclic antidepressants, neuroleptics,
theophylline, caffeine, valproic acid, amphetamines,
alcohol withdrawal, mercury, lead, arsenic, and
others

Essential tremor
Primary writing tremor
With other central nervous system disorders

Parkinson’s disease and other akinetic-rigid
syndromes
Idiopathic dystonia, including focal dystonias
With peripheral neuropathy

Cerebellar tremor
Kinetic tremor

Disease of cerebellar “outflow” (dentate nucleus and
superior cerebellar peduncle): vascular, tumor, acquired
hepatocerebral degeneration, drugs, toxins (e.g.,
mercury), multiple sclerosis, and others

Miscellaneous rhythmical movement disorders
Psychogenic tremor
Orthostatic tremor
Rhythmical myoclonus (segmental myoclonus, such
as palatal myoclonus and spinal myoclonus)
Asterixis
Clonus
Epilepsia partialis continua

Source. Adapted from Weiner and Lang 1989.



physiological tremor may be seen in the fingers when the
arms are extended. This physiological tremor may be ac-
centuated by a variety of emotional and metabolic factors
such as stress, fatigue, thyrotoxicosis, or hypoglycemia.
Accentuated physiological tremor may also be a result of
treatment with a number of drugs, including caffeine,
sympathomimetics, tricyclic antidepressants, and cortico-
steroids.

Essential Tremor

Essential tremor is arguably the most common movement
disorder. Its prevalence increases with advancing age. Es-
sential tremor is thought to follow an autosomal dominant
pattern of inheritance with variable expression. When a
positive family history is elicited, the disorder is referred to
as familial tremor. When it appears for the first time after
age 65, it has been called senile tremor. Essential tremor is a
slowly progressive disorder that usually begins as an 8- to
10-Hz postural tremor of the hands. The tongue, head,
voice, trunk, and (less commonly) legs are involved.
Typically, the tremor persists during action and worsens at
the end point of movement (terminal accentuation). In
more severe cases, tremor may also be present at rest. More
severe forms of tremor with wider amplitude tend to be of
lower frequency (4–6 Hz) and are more common in older
individuals.

In many patients, the functional impact of essential
tremor is minimal; hence, it is believed that only a small
percentage of persons with the disorder seek medical atten-
tion. In others, however, the tremor interferes substan-
tially with handwriting, eating, drinking, and fine manipu-
lations and is a source of social embarrassment. As the
disease progresses, increased tremor amplitude further
compromises the performance of discrete movements.
The prefix “benign” is often a misnomer, as essential tremor
can be disabling (Koller et al. 1986). In some patients, notably
those with prominent head tremor, embarrassment plays a
major role in disability. Typically, stress and anxiety accentu-
ate tremor and thus aggravate the problem, resulting in reac-
tive depression in some individuals.

A clinical feature having both diagnostic and therapeu-
tic significance is that most patients with essential tremor
note dramatic reduction in tremor after ingesting alcohol.
The judicious use of small amounts of alcohol before meals
and important events is not contraindicated. Surprisingly,
the risk of alcohol abuse among these patients is low (Koller
1983a).

For patients who require treatment, the two most ef-
fective drugs for essential tremor are primidone and
propranolol or other β-adrenergic blockers (mainly those

with relatively selective peripheral β-adrenergic antago-
nist properties; e.g., metoprolol, nadolol, atenolol, or
timolol). Acute vestibulocerebellar side effects—such as
vertigo, ataxia, and nausea—are common in response to
primidone, even when given in low doses (50–62.5
mg/day). These side effects may be more common in el-
derly patients and can be both disabling and protracted. A
useful approach in elderly patients is to administer small
doses of primidone elixir using a tuberculin syringe and
incrementally adjust the dosage before beginning therapy
with tablets. Many elderly patients cannot tolerate
β-blockers because of cardiac or pulmonary disease. In pa-
tients with asthma, metoprolol may be preferable to
propranolol because of relative cardiac selectivity (Koller
and Biary 1984). A single daily dose of nadolol may be use-
ful if patient compliance is a problem (Koller 1983c). Like
β-blockers, alternative treatments such as alprazolam and
phenobarbital also may not be well tolerated in the elderly
(Huber and Paulson 1988). Other second-line drugs in-
clude clonazepam and carbonic anhydrase inhibitors
(Busenbark et al. 1993; C. Thompson et al. 1984). Because
of drug contraindications, intolerance, and poor efficacy, a
significant number of elderly patients with essential tremor
are left with persistent disability.

Patients with medically refractory, disabling tremor
have been effectively treated with stereotactic thalamo-
tomy (Goldman and Kelly 1992). More recently,
high-frequency deep brain stimulation (DBS) of the ven-
tral intermediate thalamic nucleus has proved to be effec-
tive in patients with severe essential and other types of
tremor (Benabid et al. 1996; Hubble et al. 1996). This pro-
cedure is now widely available in major medical centers.

The physiological basis for essential tremor is incom-
pletely understood, but the disorder is thought to be caused
by an abnormal oscillation of a central nervous system
“pacemaker” (the location of which is uncertain) that is in-
fluenced by peripheral reflex pathways. No neurotransmit-
ter or structural abnormalities have yet been identified. Al-
though linkage analysis of several kindreds has identified
potential loci for essential tremor-related genes, none has
yet been cloned (Gulcher et al. 1997; Higgins et al. 1997).

Other Tremors

Primary writing tremor is induced almost exclusively by
writing. It is characterized predominantly by pronation-
supination movements of the forearm at 5–7 Hz. Because
many such patients have an associated mild postural
tremor, primary writing tremor may be related to essential
tremor. However, the task specificity suggests that it may
be a form of focal dystonia akin to dystonic “writer’s
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cramp.” Botulinum toxin injection probably affords the
best relief in this disorder (Wissel et al. 1996).

Patients with orthostatic tremor develop rapid rhyth-
mic contractions of the legs and sometimes the buttocks
within a few minutes of assuming a standing position (T. C.
Britton et al. 1992; FitzGerald and Jankovic 1991; P. D.
Thompson et al. 1986). Walking, sitting, or lying will cause
the tremor to cease. Most patients respond to clonazepam,
primidone, or propranolol.

Cerebellar disease most commonly causes slow, irreg-
ular tremor of the head and trunk (titubation) when the pa-
tient is upright. Cerebellar tremor of the limbs is typically
absent at rest and during the initial stages of motion but be-
comes manifest through the course of and at the end of a
trajectory. The term intention tremor has been used to de-
scribe the increase in tremor as the limb approaches a pre-
cise destination; this is not specific to cerebellar tremor,
however, but is common to most forms of postural tremor.

Lesions in the midbrain involving the superior cere-
bellar peduncle and possibly the substantia nigra near the
red nucleus result in midbrain or “rubral” tremor. This
type of tremor is present at rest, increases with mainte-
nance of posture, and increases still further with action. It is
believed to result from interruption of the connections be-
tween cerebellar dentate nuclei and the thalamus. A lesion
anywhere in this outflow pathway may cause such a tremor
(thus the term cerebellar outflow tremor). Additional involve-
ment of the dopaminergic nigrostriatal pathway may con-
tribute to the tremor. Demyelinating lesions in multiple
sclerosis are the most common cause of midbrain tremor
overall, whereas posterior circulation stroke accounts for
most cases in elderly patients. Other features of midbrain
or diencephalic dysfunction typically accompany the
tremor in this setting. Sometimes the onset of tremor may
be delayed for weeks after a brain stem event (e.g., stroke or
head injury). Often, medications are ineffective for this
tremor type. Stereotactic thalamotomy or DBS may be
useful in patients with severe debility; however, the dis-
abling proximal component of the tremor is often resistant
to this approach.

Numerous drugs can produce tremor (Table 25–1). As
indicated above, often this is an accentuation of normal
physiological tremor. Any patient who develops tremor
acutely or subacutely after initiation of a new medication
should be suspected of having a drug-induced tremor re-
gardless of whether tremor is a recognized side effect.
Some individuals may have a further predisposition to de-
velop tremor from medications by virtue of underlying dis-
orders such as essential tremor or subclinical Parkinson’s
disease. Pronounced mixed postural and resting tremor
may develop in patients with preexisting essential tremor

who are treated with neuroleptic drugs. A number of medi-
cations used in psychiatric practice are capable of causing
tremor. Tricyclic antidepressants may accentuate physio-
logical tremor; however, this rarely poses a management
problem. Tremor is an extremely common side effect of
lithium therapy, which occasionally requires treatment
with β-blockers or primidone.

Neuroleptic agents may cause a either a postural or a
parkinsonian resting tremor. One variant of the latter is a
tremor of the perinasal and oral region known as the rabbit
syndrome. Neuroleptic-induced parkinsonian tremor typi-
cally subsides after drug withdrawal. Patients who require
ongoing neuroleptic therapy and who have sufficiently
bothersome or disabling tremor may be treated with anti-
cholinergics or amantadine. However, because of the fre-
quency of cognitive and psychiatric side effects, anticho-
linergics should be avoided in patients over age 65 and are
contraindicated in patients with known cognitive distur-
bance. Other considerations include a change to a less po-
tent neuroleptic or to an atypical agent such as clozapine.

Chorea

The term chorea is derived from the Greek word for dance.
Choreic movements are brief, jerky, purposeless involun-
tary movements that occur in random sequence. They can
involve the distal or proximal limbs, face, or trunk. The
movements may be brisk and abrupt as in Sydenham’s cho-
rea or more slow and flowing as in Huntington’s disease.
Various causes of chorea in elderly patients are listed in Ta-
ble 25–2. Because the types of chorea most frequently en-
countered in psychiatric practice include Huntington’s dis-
ease and tardive dyskinesia, these topics are emphasized in
the following discussion.

Huntington’s Disease

Huntington’s disease is a progressive, autosomal dominant
disorder characterized by chorea, personality changes, and
dementia. The prevalence of Huntington’s disease in
North America ranges from 4 to 7 per 100,000 (Harper
1991). Symptoms usually appear insidiously in the fourth
decade, although symptom onset as late as the tenth decade
has been reported. Typically, the movement disorder and
the cognitive and personality changes are present at the on-
set of the disease, although one may precede the other by a
matter of years.

Movement disorders. Initially, involuntary move-
ments most often involve the upper limbs and face with
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“fidgeting” of the hands, shrugging of the shoulders, gri-
macing of the face, or pursing of the lips. With time, more
obvious and generalized choreic movements develop. Pa-
tients often try to incorporate these movements into nor-
mal purposeful acts, such as raising the hand to the head as
if to smooth the hair; this incorporation of involuntary into
seemingly voluntary movement is referred to as para-
kinesia. Chorea may be aggravated by mental concentra-
tion, emotional stimuli, performance of complex motor
tasks, or walking.

There is early impersistence of motor tasks such as the
inability to sustain tongue protrusion or hand grip (“milk-
maid grip”). Oculomotor disturbances are invariably pres-
ent and include slowed pursuit and saccadic eye move-
ments (Lasker and Zee 1997). Initially, patients may be
unable to rapidly direct their gaze in a given direction (i.e.,
generate a saccade) without blinking the eyes or thrusting
the head. Later, gaze palsies may be pronounced. Other
prominent findings include decreased fine motor coordi-

nation, dysarthria, dysphagia, orolingual apraxia (inability
to perform complex motor tasks such as licking the lips or
sucking an imaginary straw), and ideomotor apraxia. The
gait takes on a dancing, stuttering character, which may be
associated with lateral swaying or decreased arm swing. As
the disease progresses, postural stability becomes impaired
and axial chorea may throw the patient off balance. Later,
dystonia and rigidity often become superimposed on cho-
rea. Involuntary movements may become so severe that
routine activities of daily living are impossible. Impor-
tantly, apraxia and bradykinesia also contribute greatly to
later motor disability.

Neuropsychological and psychiatric features.
Early mental disturbances in patients with Huntington’s
disease include personality and behavioral changes such as
irritability, apathy, depression, decreased work perfor-
mance, violence, impulsivity, and emotional lability
(Morris 1995). Intellectual decline usually follows the per-
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TABLE 25–2. Causes of chorea in elderly patients

Hereditary causes
Huntington’s disease
Benign hereditary chorea (typically childhood onset)
Neuroacanthocytosis

Other central nervous system degenerations
Olivopontocerebellar atrophy
Machado-Joseph disease
Kufs disease
Dentatorubropallidoluysian atrophy

Aging-related causes
Spontaneous orofacial dyskinesias
“Edentulous orodyskinesia”
“Senile chorea” (probably several etiologies)

Drug-induced causes
Neuroleptics, metoclopramide, flunarizine, cinnarizine,
antiparkinsonian drugs, amphetamines, methylphenidate,
tricyclic antidepressants, monoamine oxidase inhibitors,
lithium, estrogens (including estrogen creams for
atrophic vaginitis), steroids, antihistamines,
α-methyldopa, anticonvulsants (phenytoin, ethosuximide,
carbamazepine, and phenobarbital), benzodiazepines,
digoxin, methadone, and toluene

Metabolic causes
Hyperthyroidism
Hypoparathyroidism
Hypo- and hypernatremia, hypomagnesemia,
hypocalcemia

Hypo- and hyperglycemia (latter may cause hemichorea
or hemiballism)
Acquired hepatocerebral degeneration, Wilson’s disease

Infectious causes
Encephalitides
Subacute bacterial endocarditis
Creutzfeldt-Jakob disease

Toxins
Alcohol intoxication and withdrawal, anoxia, carbon
monoxide, manganese, mercury, toluene, and thallium

Immunological causes
Systemic lupus erythematosus
Recurrence of Sydenham’s chorea
Primary anticardiolipin antibody syndrome

Vascular causes
Infarctions usually involving striatum, subthalamic
nucleus region
Hemorrhage
Arteriovenous malformation
Polycythemia rubra vera
Migraine

Tumors
Trauma: subdural hematoma
Miscellaneous: including paroxysmal choreoathetosis

Source. Adapted from Lang 1992a.



sonality changes. The neuropsychological profile charac-
teristically includes a memory disturbance suggesting se-
lective impairment of information retrieval with retention
of the ability to register new information. Patients often
have difficulty recalling information on command but are
able to give the correct answer if provided categorical cues
or a multiple-choice format. Other deficits in memory in-
clude loss of detailed recollections (equally severe across all
decades of the patient’s life). There is difficulty with orga-
nization, planning, and sequencing even when all the nec-
essary information is available (Caine et al. 1978). Addi-
tional prominent abnormalities include visuospatial
deficits, dyscalculia, impaired judgment, and ideomotor
apraxia (the inability to perform previously learned tasks in
the context of intact elementary motor function)
(Brouwers et al. 1984; Cummings 1995). As the disease ad-
vances, there are more global intellectual deficits.

A wide range of psychiatric disturbances is seen in
Huntington’s disease. Thirty-eight percent of patients
have an affective disorder. Depression is the most common
psychiatric symptom and does not appear to be simply a re-
action to fatal illness. Evidence for this is the fact that mood
disorders are not randomly distributed but occur in subsets
of families with Huntington’s disease (Peyser and Folstein
1990). Impaired motivation and reinforcement of reward-
ing behavior may be caused by interruption of the anterior
cingulate circuit by striatal dysfunction (Cummings 1993).
Apathy and loss of spontaneity may result from impairment
of the medial frontal–anterior cingulate subcortical circuit
(Cummings 1993). Ten percent of patients develop mania.
Psychosis is less common. Suicide accounts for 5.7% of
deaths in patients with Huntington’s disease, and 25% of all
patients attempt suicide at least once (Farrer 1986). This
tendency to suicide may be due to impulsivity related to
dysfunction of the orbitofrontal circuit. Obsessive-
compulsive symptoms such as handwashing may also be
seen in patients with Huntington’s disease (Cummings and
Cunningham 1992).

Course. The duration of Huntington’s disease from on-
set to death is typically 15–20 years. Death is often caused by
pneumonia, trauma, or suicide. In 10% of patients, the dis-
ease begins before age 20. Juvenile-onset Huntington’s dis-
ease (the so-called Westphal variant) usually presents as an
akinetic-rigid disorder, occasionally with seizures. The pre-
dominant signsarebradykinesia, rigidity,dementia, andcere-
bellar disturbance, often with little or no chorea. This form of
Huntington’s disease may be more rapidly progressive and
the duration of illness shorter than the adult-onset type. Oc-
casionally the akinetic-rigid variant is seen in adults either de
novo or developing after a choreic presentation.

Twenty-five percent of patients have late-onset Hun-
tington’s disease, which is usually defined as the onset of
motor manifestations after age 50. One study of this popu-
lation of patients (Myers et al. 1985) revealed that the aver-
age age at onset of chorea was 57.5 years and the average
age at the time of diagnosis was 63 years. The clinical fea-
tures are similar to those of the typical adult-onset variety,
but the progression of motor signs is slower and the cogni-
tive changes are less severe.

Genetics. Huntington’s disease is inherited as an
autosomal dominant trait with complete penetrance.
Thus, all people who inherit the gene will develop symp-
toms of the disease if they do not die prematurely. The
Huntington gene has been localized to the short arm of
chromosome 4 (Gusella et al. 1983). It has been found to
contain an expanded and unstable CAG trinucleotide re-
peat within exon 1 of a large gene, the protein product of
which is called Huntington’s disease (Huntington’s Disease
Collaborative Research Group 1993). The genetic “stutter”
of trinucleotide repeats gives rise to elongated polyglutamine
tracts within huntingtin. Normal alleles contain 34 or fewer
CAG repeats, whereas repeats of 37–150 or more occur in af-
fected individuals (Gusella et al. 1997). Patients with juve-
nile- onset disease show predominantly paternal inheri-
tance of the expanded allele (Gusella and MacDonald
1995). A younger age at onset is associated with longer
trinucleotide repeat lengths. Age at onset is correlated with
repeat length; however, for any given repeat length, the age
at onset may vary by 15 or more years, suggesting that fac-
tors other than repeat length alone determine the onset of
symptoms (Gusella et al. 1997). It is not known whether
such factors are genetic, environmental, or stochastic.

Diagnosis. A diagnosis of Huntington’s disease can be
made with confidence when a patient has dominantly in-
herited chorea and dementia with onset in adult life. Before
the characterization of the genetic defect, the diagnosis was
always clinical. There are no definite biochemical or radio-
logical markers for Huntington’s disease. Routine imaging
demonstrates atrophy of the striatum (caudate nucleus and
putamen), most easily appreciated as enlargement of the
frontal horns of the lateral ventricles (Figure 25–1). In el-
derly patients this may be a less useful diagnostic feature
unless it is very pronounced, given the normal reduction in
brain mass with age and the occurrence of atrophy in other
disorders that might be confused with Huntington’s dis-
ease. [18F]fluorodeoxyglucose positron-emission tomog-
raphy (PET) demonstrates striatal hypometabolism even
before atrophy is seen on computed tomography (CT) or
magnetic resonance imaging (MRI). However, this is a
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nonspecific finding and may be seen in other disorders
combining striatal degeneration and chorea (e.g., neuro-
acanthocytosis). The onset of symptoms may occur soon
after the development of PET abnormalities in Hunting-
ton’s disease; thus, this technique is of limited value in the
evaluation of persons at risk for Huntington’s disease.

Until 1993, the most sensitive method for detecting
gene carriers had been genetic linkage analysis. It is now
possible to evaluate the CAG repeat length in an individual
patient. Repeat lengths of 40 or more are diagnostic of the
disorder. There is a “gray area” of repeat lengths in the
36–39 unit range; that is, some but not all individuals with
intermediate repeat lengths will live long enough to mani-
fest symptoms of disease (Gusella et al. 1997). Predictive

testing is a problematic issue, because no effective
treatment is currently available. A carefully designed coun-
seling service is a necessary component of any pre-
symptomatic or diagnostic testing program (International
Huntington Association and the World Federation of
Neurology Research Group on Huntington’s Chorea
1994).

Difficulties in diagnosis often arise when the family
history is negative. It may be necessary to interview several
relatives on more than one occasion to be certain of the
family history. Some families deny the presence of cogni-
tive or psychiatric disease in other family members. Pa-
tients should be asked about extramarital conception. If the
affected parent had late-onset Huntington’s disease, the di-
agnosis may have been missed because the symptoms may
have been so mild as to go unnoticed, or the parent may
have died before clinically apparent symptoms developed.
Furthermore, physicians may fail to consider the possibil-
ity of Huntington’s disease in elderly patients, preferring to
label the problem as “senile chorea.” Spontaneous muta-
tions have been described, in some instances in children of
fathers with an “intermediate” repeat length. The true in-
cidence of new mutations is not known. The availability of
CAG repeat length analysis will now allow a definitive di-
agnosis in many patients with Huntington’s disease who
lack a clear family history.

The differential diagnosis of Huntington’s disease in
the elderly patient includes various degenerative, systemic,
and drug-related conditions, including tardive dyskinesia
(Table 25–2). One important source of confusion is the pa-
tient treated with neuroleptics for a psychiatric presenta-
tion of Huntington’s disease. The subsequent develop-
ment of a movement disorder may then be mistaken for a
complication of the drug therapy rather than an important
clue to the underlying neurological diagnosis. Knowledge
of the clinical differences between the movement disorders
of Huntington’s disease and the abnormal movements typi-
cally seen in tardive dyskinesia may help to avoid this con-
fusion (Table 25–3).

Treatment. Management of Huntington’s disease re-
quires a team approach involving a wide variety of medical,
paramedical, and social services. Education of patients and
their families about the implications of the disease is ex-
tremely important. Genetic, psychological, and social
counseling is regularly required, and lay organizations
such as the Huntington’s Disease Society of America often
assist greatly in these tasks.

Medical treatment is symptomatic. Drugs that block
postsynaptic dopamine receptors (neuroleptics) or deplete
presynaptic dopamine terminals (reserpine and tetra-
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FIGURE 25–1. Current concept of neuronal connections
and neurotransmitters of the basal ganglia, thalamus, and mo-
tor cortex. MC = motor cortex; SMA = supplementary motor
cortex; PMC = premotor cortex; GPe = globus pallidus
externa; GPi = globus pallidus interna (which is functionally
similar to the substantia nigra pars reticulata); STN = sub-
thalamic nucleus; SN = substantia nigra; CM = centromedian
nucleus of the thalamus; VL = ventrolateral nucleus of the
thalamus; VA = ventral anterior nucleus of the thalamus;
PPN = pedunculopontine nucleus. The circled letters
represent neurotransmitters. ACH = acetylcholine;
GABA = γ-aminobutyric acid; DA = dopamine;
ENK = enkephalin; Glu = glutamic acid; SP = substance P.
Source. Reprinted with permission from Nutt JG:
“Dyskinesia Induced by Levodopa and Dopamine Agonists in
Patients With Parkinson’s Disease,” in Drug-Induced Move-
ment Disorders. Edited by Lang AE, Weiner WJ. Mount
Kisco, NY, Futura, 1992, p. 296.



benazine) are the most useful in reducing chorea. The
mechanism whereby antidopaminergic drugs decrease
chorea is unknown. Neuroleptics may also help control
emotional outbursts, paranoia, psychosis, and irritability
sometimes seen in Huntington’s disease. With respect to
the movement disorder, these medications should be re-
served for disabling dyskinesias because of the high inci-
dence of serious side effects. Newer atypical agents such as
clozapine may be of some use in selected patients, although
the necessity of performing weekly complete blood counts
(because of a risk of agranulocytosis) may limit its utility
(Factor and Friedman 1997). Other atypical agents such as
risperidone and olanzapine have been useful anecdotally;
the risk of tardive side effects with these agents, though less

than with older neuroleptics, is not negligible. In younger
patients, concern about the superimposition of tardive
dyskinesia on the underlying choreic disorder encourages
the use of dopamine-depleting agents rather than neuro-
leptics (Jankovic and Beach 1997; van Vugt et al. 1997). Re-
serpine is associated with problematic hypotension, which
may limit its utility. Tetrabenazine, although not approved
for use in the United States, can be obtained from England
or Canada and may be of considerable utility. Sedation is
common, however, and use of the medication does carry a
long-term risk of parkinsonism. In elderly patients one
might turn to neuroleptics more readily, because there may
be less concern regarding long-term side effects. Despite
the ability of dopamine antagonists to reduce chorea, mo-
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TABLE 25–3. Clinical features that help distinguish tardive dyskinesia (TD), oromandibular dystonia
(OMD), and Huntington’s disease (HD)

Feature TD OMD HD
Forehead chorea 0 + +++
Blepharospasm + ++++ +/−
Movements of mouth ++++ ++++ +
Platysma +/− ++++ +/−
Nuchal muscles + +++ +/−
Trunk, arms, and legs +++ 0 +++
Stereotyped nature of movements ++++ ++ 0
Flowing movements 0 0 +++
Akathisia +++ 0 0
Marching in place +++ 0 0
Truncal rocking +++ 0 +
Dysarthria +/− +++ ++++
Facial apraxia 0 0 +++
Impersistence of tongue protrusion 0 0 +++
Oculomotor defects 0 0 +++
Respiratory dyskinesia ++ +/− +
Gait disorder + 0 +++
Postural instability 0 0 +++
Dementia + 0 +++
Effect of

Talking or chewing Decrease Increase +/−
Tongue protrusion to command Decrease +/− +/−
Antidopaminergics Decrease Decrease Decrease
Anticholinergics Increase Decrease +/−

Effect on
Talking or chewing + ++++ +
Swallowing 0 ++ ++++

Note. ++++ = Extremely common or marked; +++ = common or frequent; ++ = often; + = occasional; +/− = rarely present or variable; 0 = usually
absent.
Source. From S. Fahn, personal communication, July 1992.



tor disability may not be altered given other deficits, such as
bradykinesia and apraxia, which may be worsened by these
drugs.

Depression may be treated with conventional antide-
pressant agents, such as fluoxetine (Como et al. 1997).
Sertraline may also be helpful in aggressive patients (Ranen
et al. 1996b). Benzodiazepines are often helpful with anxi-
ety. (See Chapter 34 in this volume for discussion of
psychopharmacological agents in geriatric neuropsychiat-
ric disorders.)

Akinetic-rigid patients occasionally benefit from
antiparkinsonian medications such as carbidopa/levodopa
or dopamine agonists; however, increasing chorea and psy-
chiatric disturbances may ensue. Although clinical trials
are under way of agents (such as antioxidants and coenzyme
Q) that are intended to modify the course of the disease
rather than treat it symptomatically, none of these agents
has been demonstrated to be effective (Huntington Study
Group 1998; Koroshetz et al. 1997; Ranen et al. 1996a).
Recently, anecdotal reports have suggested a beneficial ef-
fect of fetal striatal transplants (Kopyov et al. 1998;
Philpott et al. 1997). The efficacy and long-term outcome
of this approach, however, remain to be proved. At present,
it cannot be recommended.

Other Choreas

Spontaneous orofacial dyskinesia. Spontane-
ous abnormal movements in the lingual-facial-buccal re-
gion occur in a variety of populations and are not exclusive
to patients treated with neuroleptics. The prevalence of
this disorder has been estimated as being 0.8% between the
ages of 50 and 59, increasing to 7.8% between the ages of 70
and 79 (Klawans and Barr 1982). Spontaneous orodys-
kinesia may be more likely to develop in the context of un-
derlying brain dysfunction such as in patients with schizo-
phrenia or Down’s syndrome (Dinan and Golden 1990;
Waddington and Youssef 1990). The true incidence of the
disorder, however, is difficult to ascertain because of diffi-
culties in obtaining complete drug histories (Ticehurst
1990). Many patients described as having spontaneous
orofacial dyskinesia actually have cranial dystonia or
Meige’s syndrome (discussed below) (Table 25–3).

“Edentulous orodyskinesia” in elderly pa-
tients. Elderly patients may develop orofacial
dyskinesias following tooth extraction (Koller 1983b).
This occurs in about 16% of patients, but only after a long
period of edentulousness (average of 12 years). The move-
ments are similar to those seen in tardive dyskinesia with
stereotyped smacking and pursing of the lips and lateral

deviation of the tongue or jaw. However, the absence of
vermicular movements of the tongue when inside the
mouth and the lack of involuntary movements of the limbs
or trunk help distinguish edentulous orodyskinesia from
tardive dyskinesia. Most often, patients are unaware of
these movements, and they never cause disability. Wearing
dentures often diminishes or dampens the movements.

“Senile chorea.” The uncommon condition called
senile chorea is best considered a “syndrome” of late-onset
generalized chorea (beginning after age 65) for which no
underlying cause can be determined. There is no cognitive
deterioration, nor is there a family history of psychiatric
disturbance or chorea. Few cases with pathological docu-
mentation are available. The findings are not uniform, but
they may resemble less severe degrees of the changes seen
in Huntington’s disease with degeneration of the caudate
nucleus and putamen (Alcock 1936) or the putamen alone
(J. H. Friedman and Ambler 1990). Senile chorea probably
represents a heterogeneous group of disorders, which may
inadvertently include late-onset Huntington’s disease
(J. W. Britton et al. 1995; Garcia Ruiz et al. 1997). Geno-
typing for CAG repeat length should aid in distinguishing
late-onset, sporadic Huntington’s disease from true senile
chorea. Symptomatic treatment with dopamine-depleting
agents or low-dose neuroleptics may be tried if necessary,
as discussed above for Huntington’s disease.

Vascular chorea. An important consideration when
assessing chorea presenting in elderly patients is the poten-
tial role of multiple infarctions involving the basal ganglia,
particularly the caudate nucleus, putamen, and sub-
thalamic nucleus. This syndrome usually occurs in the set-
ting of lacunar disease as a result of chronic hypertension. A
wide range of other causes of cerebral infarction must also
be considered. Vascular malformations also may give rise to
chorea. Typically, vascular chorea is of abrupt onset and
spares the face. The majority of patients recover within a
few weeks of the vascular insult. Treatment with neuro-
leptics or dopamine-depleting agents may be tried. Al-
though chorea due to systemic lupus erythematosus is usu-
ally a disorder of the young, it may also occur in older
individuals, as may chorea due to the primary anticardio-
lipin syndrome (Asherson et al. 1987; Cervera et al. 1997;
Lang et al. 1991). Here, the chorea is probably the result of
vascular or immunologic processes. Treatment is directed
toward control of the underlying disease.

Polycythemia rubra vera has been known to cause gen-
eralized chorea of acute, subacute, or gradual onset; in-
deed, chorea may be the presenting sign of polycythemia in
up to two-thirds of cases (Bruyn and Padberg 1984).
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Haloperidol or other antidopaminergic agents may dimin-
ish the chorea; however, the abnormal movements often
improve after treatment of the underlying disorder by
phlebotomy or treatment with phosphorus 32.

Hemiballismus

The term hemiballismus describes involuntary, proximal,
large-amplitude flailing or throwing movements that can
be violent and potentially dangerous in severe cases.
Hemiballismus is often classified as one extreme in the
spectrum of chorea because of the clinical and pathological
overlap between the two conditions. Many patients with
hemiballismus have concomitant distal choreic move-
ments. As patients with hemiballismus improve, they often
go through a hemichoreic phase.

Most patients with hemiballismus have a lesion in the
contralateral subthalamic nucleus, although lesions of the
caudate nucleus, putamen, thalamus, and possibly even the
cortex are able to induce similar movements (Dewey and
Jankovic 1989; Ghika-Schmid et al. 1997; Lee and Mar-
sden 1994; Shannon 1990; Vidakovic et al. 1994). Most
hemiballism is secondary to vascular insult in the form of
either lacunar infarction or hemorrhage, typically present-
ing with sudden onset of the involuntary movements.
Given the common causes, hemiballism is most often a dis-
order of elderly individuals, particularly those with predis-
posing factors such as hypertension and diabetes. The di-
agnostic study of choice is brain MRI. Other possible
causes include metastatic tumor, basilar meningitis, vascu-
lar malformations, infections (e.g., toxoplasmosis), drugs,
and metabolic derangement (e.g., hyperglycemic non-
ketotic states) (Glass et al. 1984; Lin and Chang 1994;
Tamaoka et al. 1987).

Vascular hemiballism usually resolves spontaneously
after weeks or months, but it may occasionally be persis-
tent. Given the severe disability caused by the pronounced
abnormal movements, most patients require treatment
with either neuroleptics or dopamine-depleting agents.
Clozapine may be helpful in refractory cases (Stojanovic et
al. 1997). Drug-resistant or persistent hemiballism some-
times requires stereotactic thalamotomy.

Tardive Dyskinesia

Tardive dyskinesia refers to a variety of persistent, involun-
tary movements caused by drugs that are dopamine recep-
tor blocking agents (DRBAs). Neuroleptic antipsychotic
drugs are the most common responsible agents. Medica-
tions less commonly recognized as DRBAs such as
metoclopramide, promethazine, amoxapine, and per-

phenazine-amitriptyline (Etrafon) can also cause tardive
dyskinesia. Other drugs such as antidepressants, antihista-
mines, and phenytoin may induce movements similar to
those seen in tardive dyskinesia; however, such movements
are not classified as tardive dyskinesia. Dopamine-
depleting drugs such as reserpine, tetrabenazine, and
α-methylparatyrosine have not been shown to cause
tardive dyskinesia.

Tardive dyskinesia usually begins insidiously after sev-
eral years of therapy with a DRBA but can occur after only
3 months of exposure. Often, tardive dyskinesia also ap-
pears after a decrease in dosage or drug withdrawal. There
is no definite period of time between stopping a DRBA and
the onset of involuntary movements that excludes a diag-
nosis of tardive dyskinesia. However, it is widely accepted
that the movement disorder must begin within 3 months of
stopping the DRBA (Fahn 1992) for a diagnosis of tardive
dyskinesia to be applied. In contrast to other neuro-
leptic-induced movement disorders—such as acute
dystonic reactions, parkinsonism, and acute akathisia—the
movements of tardive dyskinesia usually worsen when the
offending agent is withdrawn and improve when the dose
of the DRBA is increased.

Tardive dyskinesia is now considered a syndrome that
includes several categories of abnormal involuntary move-
ments (Table 25–4). The typical movements of tardive
dyskinesia are choreic in speed and amplitude, but their
stereotypical and almost rhythmic pattern distinguish
them from the classic random, flowing choreic movements
seen in Huntington’s disease. Occasionally, a more typical
choreic picture is seen. The involuntary movements usu-
ally reach maximal severity quickly after onset and then
tend to stabilize.

The oral-buccal-lingual muscles tend to be involved
earliest and most frequently in tardive dyskinesia. One
early sign is a fine, vermicular movement of the tongue
when inside the mouth. This may progress to horizontal
tongue movements and later to rolling, twisting, or curling
with pressing of the tongue against the cheek (“bon bon
sign”). There may be brief or prolonged involuntary
tongue protrusion (“fly catcher’s tongue”). Jaw movements
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TABLE 25–4. Tardive dyskinesia subtypes

“Classic” tardive dyskinesia
Tardive dystonia
Tardive akathisia
Withdrawal-emergent syndrome
Tardive myoclonus
Tardive tics



include chewing, biting, teeth clenching, and lateral side-
to-side movements. There may be pouting, pursing,
smacking, or sucking movements of the lips, which some-
times have an audible component. The corners of the
mouth may retract (“bridling”), or the cheeks may puff out
intermittently. Despite these movements, speech and eat-
ing are often unaffected, as volitional activity of the af-
fected muscles often dampens or alleviates the dyskinesia.
The hands, feet, neck, and trunk may also be affected.
Movements of the fingers may have a “piano-playing” ap-
pearance. There may be tapping motions of the feet,
side-to-side oscillations of the foot at the ankle, or march-
ing in place without the report of restlessness. Respiratory
dyskinesia due to diaphragm and intercostal muscle in-
volvement may produce an irregular respiratory pattern,
periodic tachypnea, or grunting. The term copulatory
dyskinesia colorfully describes a rocking, undulating move-
ment of the pelvis sometimes encountered as a manifesta-
tion of tardive dyskinesia. Surprisingly, the gait is usually
little affected.

Many patients seem unaware of even pronounced in-
voluntary movements. However, a significant minority of
patients are embarrassed and/or disabled by the
dyskinesias because of interference with speech and swal-
lowing, oral ulceration, or life-threatening respiratory in-
volvement. Patients with both schizophrenia and tardive
dyskinesia may have twice the mortality rate of patients
with schizophrenia and no tardive dyskinesia, but the rea-
sons for this are uncertain (Yagi et al. 1989; Youssef and
Waddington 1987).

The movements described above refer to “classic”
tardive dyskinesia, which should be distinguished from
other subtypes of tardive dyskinesia such as tardive
dystonia, tardive akathisia, and the withdrawal-emergent
syndrome. Often, tardive dyskinesias represent combina-
tions of different movement disorders, such as dystonia and
chorea or dystonia and myoclonus (Cardoso and Jankovic
1997).

Unlike classic tardive dyskinesia, which occurs more
frequently in elderly individuals, tardive dystonia is seen
equally in all age groups. The prevalence of this condition
among chronic psychiatric patients is approximately 2%
(Yassa et al. 1986). Younger patients tend to have more gen-
eralized involvement, whereas older patients usually have a
focal or segmental distribution. Retrocollis may be espe-
cially common in tardive dystonia, with more severe forms
demonstrating opisthotonic posturing, often with the arms
extended and pronated. A history of exposure to DRBAs,
early facial and neck involvement, and concomitant signs
of other tardive syndromes (e.g., classic tardive dyskinesia
and tardive akathisia) can support a diagnosis of tardive

dystonia. Tardive dystonia is usually more disabling and
more difficult to treat than classic tardive dyskinesia.

Patients taking neuroleptics often complain of inner
restlessness or akathisia, usually involving the legs. Most
often this is an early, dose-related complication referred
to as acute akathisia, which occurs after initiating or in-
creasing the dosage of a neuroleptic agent and resolves
when the offending drug is stopped. In contrast, tardive
akathisia is a persistent problem that results from long-
term exposure to DRBAs and occurs in the context of a
constant or decreasing drug dosage. Patients demon-
strate a variety of “akathitic” movements, including rub-
bing the scalp, marching in place, crossing and uncross-
ing the legs, or rocking at the trunk. Moaning and
shouting also may occur. As is true of the other tardive
syndromes, tardive akathisia usually worsens on with-
drawal of the DRBA and improves if the dose is in-
creased. Like tardive dystonia, tardive akathisia can re-
sult in profound disability.

The withdrawal-emergent syndrome involves invol-
untary movements (usually choreic) that typically appear in
children following the abrupt discontinuation of DRBAs.
This is a self-limited disorder that usually disappears
within 6–12 weeks of onset. Other tardive syndromes in-
clude myoclonus, tics, and possibly tremor, but they are
much less common than those described above.

Differential diagnosis. The differential diagnosis
of tardive dyskinesia is extensive, given the spectrum of
movements seen in this condition (Table 25–5), and in-
cludes a variety of abnormal movements seen in elderly
psychiatric populations. Manneristic movements such as
rubbing, picking, or grimacing may also improve with ad-
ministration of neuroleptic agents and may be mistaken for
tardive dyskinesia. Patients with Huntington’s disease who
have been receiving chronic neuroleptic therapy may de-
velop superimposed tardive dyskinesia. Clinical points of
distinction between Huntington’s disease and tardive
dyskinesia are listed in Table 25–3.

Epidemiology. Estimates of the prevalence of tardive
dyskinesia among patients receiving long-term neuro-
leptic therapy have ranged between 17% and 30%
(Cardoso and Jankovic 1997; Kane and Smith 1982).
Proven risk factors for the development of tardive
dyskinesia include advanced age, female sex, and extended
duration of treatment. The incidence of tardive dyskinesia
in elderly patients may be four times higher than that in
young adults. The incidence is higher in women. The risk
of developing tardive dyskinesia increases with duration of
DRBA treatment: the cumulative incidence is estimated to
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be 5% after 1 year, 10% after 2 years, and 19% after 4 years
(Khot et al. 1992). Other proposed but controversial risk
factors include preexisting “organic brain dysfunction,”
“negative features of schizophrenia,” and affective disor-
ders (said to be a greater risk than schizophrenia).

Pathophysiology. Although tardive dyskinesia has
been recognized for more than 30 years, its pathogenesis
remains poorly understood. The most commonly pro-
posed mechanism is supersensitivity of postsynaptic
striatal dopamine receptors as a consequence of chemical
denervation caused by long-term use of DRBAs (Egan et al.
1997). Supersensitive striatal neurons may then respond
abnormally to the presence of dopamine and produce the
movements of tardive dyskinesia. The discontinuation of
DRBAs would be expected to facilitate more interaction
between dopamine and supersensitive receptors, leading to
worsening of symptoms. Increasing the dosage of the of-
fending drug would increase receptor blockade and im-
prove (or mask) symptoms. The appearance of tardive dys-
kinesia during ongoing neuroleptic therapy suggests that
competitive receptor blockade can sometimes be over-
come by endogenous dopamine; the latter may be in-
creased through enhanced activity of presynaptic
nigrostriatal neurons responding to blockade of the
postsynaptic receptors. Most neuroleptic agents are antag-
onists of the D2 receptor. The atypical neuroleptic cloza-
pine is a D4 agonist, which is believed to explain its lack of
association with tardive dyskinesias. Other newer atypical
DRBAs show varying degrees of selectivity for other dopa-
mine receptors (Baldessarini and Frankenburg 1991). The
postsynaptic receptor hypersensitivity hypothesis has a
number of limitations but is still useful in attempting to ra-
tionalize therapy for tardive dyskinesia.

Prevention. Given the iatrogenic nature of tardive
dyskinesia, prevention should be emphasized. The indica-
tions for long-term antipsychotic medication should be de-
lineated clearly and reevaluated regularly. Patients requir-
ing ongoing neuroleptic therapy should be maintained on
the minimal dose needed for a therapeutic effect. Patients
should be evaluated regularly for signs of tardive
dyskinesia. Neuroleptics should be avoided in psychiatric
conditions for which other categories of drugs may be ef-
fective. Antiemetics such as metoclopramide should not be
given for maintenance therapy unless other drugs have
failed. The use of anticholinergic agents in addition to
neuroleptics should be minimized because they may aggra-
vate movements of tardive dyskinesia and are thought to in-
crease the likelihood of its developing, although this re-
mains to be proved. The former practice of using
intermittent neuroleptic therapy, or “drug holidays,” in
hopes of determining whether early tardive dyskinesia has
developed but is being masked by ongoing treatment is no
longer recommended, given the clinical impression that
drug holidays may be associated with an increased risk of
tardive dyskinesia (Jeste et al. 1979).

Treatment. Once the diagnosis of tardive dyskinesia is
established, the offending agent should be gradually with-
drawn if the psychiatric state allows (Figure 25–2).
Anticholinergic and other antiparkinsonian medications
should be discontinued. In patients who must continue re-
ceiving neuroleptic therapy, the movements of tardive
dyskinesia usually remain static but may gradually improve
or even remit (Casey et al. 1986; Jeste et al. 1983; Koshino
et al. 1991). During the drug-withdrawal phase, involun-
tary movements will often worsen transiently over weeks,
and it may be necessary to add a benzodiazepine or pheno-
barbital to ease the patient’s discomfort and anxiety. Be-
tween one-quarter and one-half of patients will improve
within 1 year of drug withdrawal, but others may require up
to 5 years (Klawans et al. 1984). Sometimes tardive
dyskinesia may be permanent. The severity of the move-
ments does not predict outcome after drug withdrawal.
The chance of remission may be greater if DRBAs are dis-
continued soon after the onset of symptoms. Elderly pa-
tients have less chance for spontaneous remission once
drugs are discontinued.

Patients requiring long-term neuroleptic treatment
should be considered for conversion to a novel
antipsychotic such as clozapine, olanzapine, quetiapine, or
risperidone (Casey 1998; Factor and Friedman 1997; Pea-
cock et al. 1996; Silberbauer 1998; Tollefson et al. 1997).
The risk of developing tardive dyskinesia with other atypi-
cal agents such as risperidone and olanzapine is lower than

542 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

TABLE 25–5. Differential diagnosis of tardive
dyskinesia in elderly patients

Schizophrenic stereotyped movements
Spontaneous orofacial dyskinesia
“Edentulous orodyskinesia”
Infarcts of the basal ganglia
Huntington’s disease or other choreiform disorders

(see Table 25–2)
Dyskinesias induced by other drugs (see Table 25–2)
Idiopathic dystonias: Meige’s syndrome or oromandibular

dystonia (see Table 25–3)
Hemifacial spasm
Mouthing movements said to be associated with cerebellar

vermis lesions
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FIGURE 25–2. Approach to the management of tardive dyskinesia. DRBAs = dopamine receptor blocking agents;
ECT = electroconvulsive therapy.
Source. Adapted from Weiner and Lang 1989.



with older agents but is not negligible.
For patients with disabling classic tardive dyskinesia,

dopamine antagonists offer the most effective therapy for
suppressing abnormal movements. Treatment with
DRBAs, however, significantly decreases the chance of re-
mission. Presynaptic depleting agents such as reserpine
and tetrabenazine may be very effective in suppressing
tardive dyskinesia, but these agents may not be well toler-
ated because of secondary parkinsonism, akathisia, and
depression. Therapeutic trials of GABA agonists (clonaze-
pam, valproic acid, diazepam, and baclofen), noradrener-
gic antagonists (propranolol and clonidine), and
cholinergic agonists (lecithin and choline chloride) may
also be helpful, but these drugs are rarely as effective as
treatment with dopamine antagonists. Second-line agents
include vitamin E, buspirone, and calcium channel
blockers.

Whereas younger patients with tardive dystonia may
benefit from anticholinergic agents such as trihexy-
phenidyl and ethopropazine, older patients are more likely
to develop memory loss and confusion, and thus these
drugs are relatively contraindicated in elderly patients.
Dopamine antagonists—especially dopamine-depleting
drugs, but sometimes even DRBAs—have the greatest
likelihood of therapeutic success in disabling tardive
dystonia, and some patients have been helped by anti-
cholinergic therapy. Dopamine-depleting drugs alone or
in combination with other agents are helpful in more than
50% of patients (Kang et al. 1986). Atypical neuroleptics
have been effective in some cases (Yoshida et al. 1998). Bot-
ulinum toxin injection may be extremely effective in se-
lected patients with prominent focal involvement of cranial
and cervical musculature.

In contrast to acute akathisia, tardive akathisia usually
does not respond to β-blockers, antiparkinsonian agents
(e.g., anticholinergics and amantadine), or benzodiaze-
pines. Management of this disabling tardive variant is diffi-
cult and usually involves dopamine-depleting agents or re-
ceptor blockers. Opioids may be helpful in some cases.

Dystonia

Dystonia is characterized by abnormal involuntary twist-
ing movements that tend to be sustained and can result in
abnormal postures. Some dystonic movements are slow
and writhing and, when they occur distally, may be referred
to as athetosis. Dystonic movements also may be quite rapid
and resemble the lightning-like jerks of myoclonus. There
may be superimposed rhythmic movements that are espe-
cially prominent when the patient tries to actively resist the

dystonia (sometimes referred to as dystonic tremor).
Dystonic movements frequently occur only during specific
actions (e.g., writer’s cramp). The movements are often in-
creased by stress and improve with relaxation. Patients of-
ten use a variety of sensory tricks or antagonistic gestures to
decrease the severity of the movements. Spontaneous re-
missions may occur in some forms of idiopathic dystonia,
especially torticollis. Failure to recognize these unusual
features has commonly resulted in dystonia being mis-
diagnosed as hysteria.

Dystonia is often classified by distribution, age at on-
set, and etiology. When a single body part is affected it is
called focal dystonia. Involvement of two or more contigu-
ous parts is called segmental dystonia, whereas it is called
multifocal dystonia when distribution is not contiguous. The
term generalized dystonia indicates involvement of one or
both legs, the trunk, and some other body part. Hemi-
dystonia is the involvement of one side of the body.

Dystonia beginning in adulthood typically affects the
neck, face, or arm. Involuntary movements tend to remain
limited to one or a small number of contiguous regions
(e.g., face and neck). This is unlike dystonia of childhood
onset, in which signs usually begin in the legs and fre-
quently generalize.

With respect to etiology, dystonia may be idiopathic or
secondary to other disorders (Table 25–6). The age at onset
and the distribution of the dystonia are often helpful in de-
termining the cause. For example, in adulthood, general-
ized involvement or onset in the legs suggests that the
dystonia is secondary to some underlying condition,
whereas isolated focal or segmental dystonia is usually idio-
pathic. Involvement of one side of the body (hemidystonia)
is often associated with a contralateral basal ganglia lesion.
The nature of the dystonic movements also may assist in di-
agnosis. For example, as mentioned above, early in the
course of dystonia, patients may exhibit the abnormal
movements only when performing specific actions. This
feature is particularly common in idiopathic dystonia.
When a patient demonstrates constant abnormal postur-
ing of a limb early in the disease (i.e., dystonia at rest), this is
suggestive of secondary cause.

Idiopathic Dystonia

Idiopathic torsion dystonia typically begins in childhood
and often leads to severe disability by age 20. Occasional
members of families with idiopathic torsion dystonia have
onset delayed until later adulthood. The inheritance of id-
iopathic torsion dystonia seen in Ashkenazi Jewish and
non-Jewish populations is autosomal dominant with vari-
able penetrance. Linkage studies have localized the genes
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for idiopathic torsion dystonia in Jewish and some
non-Jewish families to chromosome 9 (Ozelius et al. 1989).
More recently, the DYT1 gene has been cloned and has
been shown to encode an ATP-binding protein (Ozelius et
al. 1997).

Focal dystonias. Idiopathic adult-onset focal
dystonia is much more common than idiopathic torsion

dystonia (Dauer et al. 1998). Marsden (1976) provided
compelling arguments in favor of classifying these disor-
ders as variants of idiopathic torsion dystonia. However,
efforts to link focal dystonia to the DYT1 mutation have
been unproductive to this point (Dauer et al. 1998).

The most common forms of idiopathic adult-onset fo-
cal dystonia are spasmodic torticollis (cervical dystonia),
cranial dystonia, including blepharospasm and
oromandibular dystonia, spasmodic dysphonia (laryngeal
dystonia), and dystonia of the upper limb most often mani-
fested as writer’s cramp.

Spasmodic torticollis is the most common type of
adult-onset focal dystonia (Dauer et al. 1998). It usually be-
gins in the fourth or fifth decade and is more common in
women. Involuntary activity of neck muscles causes abnor-
mal postures and movements of the head. The movements
may be sustained or may appear as twisting, shaking, or
turning of the head. Commonly the head is turned to one
side (torticollis) or is tilted with the ear toward the shoulder
(laterocollis). Less often there is excessive head flexion
(anterocollis) or extension (retrocollis). The continuous
muscle contraction may lead to muscle hypertrophy, fre-
quently evident in the sternocleidomastoid muscle, and
there may be associated shoulder elevation. Neck discom-
fort and pain are common (Chan et al. 1991). Although
many patients initially report an involuntary pulling of the
head in one direction, some are unaware of the abnormal
head posture until a family member draws it to their atten-
tion. Up to 50% of patients will have additional dystonic
features, usually in the face or arm. Associated postural
tremor of the hands is common (Dauer et al. 1998).

Many patients use sensory tricks (geste antagoniste) to
decrease the severity of the dystonic movements. Resting
the head against a high-back chair, holding the back of the
neck, or lightly touching the cheek may return the head to
the normal position. Activities such as walking, writing,
and combing the hair often aggravate the symptoms.

Symptoms usually increase during the first 5 years.
Partial or full remission occurs in up to one-fifth of pa-
tients, but this is almost always transient (A. Friedman and
Fahn 1986; Jahanshahi et al. 1990). Symptoms may be
mild, but most patients experience some degree of disabil-
ity related to pain, abnormal head posture, and embarrass-
ment. Patients with long-standing symptoms occasionally
develop cervical root or cord compression. This complica-
tion may be more likely in elderly patients, who have a
higher incidence of underlying cervical spondylosis.

Focal or segmental dystonia involving cranial muscles
is called cranial dystonia. The usual age at onset is the sixth
decade, and women are more commonly affected than are
men. The most common component of cranial dystonia is
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TABLE 25–6. Causes of late-onset dystonia

Idiopathic dystonia
Generalized dystonia (rare)
Segmental/multifocal dystonia
Focal dystonias

Spasmodic torticollis
Cranial dystonia

Blepharospasm
Oromandibular dystonia
Spasmodic dysphonia

Writer’s cramp
Secondary dystonia

Drugs: including neuroleptics, dopamine agonists,
anticonvulsants, and antimalarial drugs

Stroke: hemorrhage or infarctiona

Other focal lesions: vascular malformation, tumor,
abscess, and demyelination

Trauma: head injury or peripheral injurya and subdural
hematoma

Encephalitis
Toxins: manganese, carbon monoxide poisoning,

methanol, and carbon disulfide
Paraneoplastic
Hypoparathyroidism
Central pontine myelinolysis
Degenerative diseases

Parkinson’s disease
Progressive supranuclear palsy
Cortical-basal ganglionic degeneration
Multiple system atrophy (Shy-Drager syndrome,

olivopontocerebellar atrophy, and striatonigral
degeneration)

Disorders that may simulate dystonia
Psychogenic dystonia
Orthopedic: atlantoaxial subluxationb

Neurological: seizures, posterior fossa tumor, and
oculomotor disturbance

aDystonia is often delayed.
bTypically a disorder of childhood.



blepharospasm, characterized by involuntary, forced eye
closure caused by excessive contraction of the orbicularis
oculi muscles (Grandas et al. 1988). The disorder usually
begins with an increase in blink rate, which gradually pro-
gresses to more forceful closure of both eyelids. Aggra-
vating factors include talking, watching television, reading,
and exposure to bright lights. Tricks such as rubbing or
lightly touching the eye, yawning or opening the mouth, or
extending the neck may interrupt the eyelid closure.
Blepharospasm may eventually result in functional blind-
ness despite normal visual acuity.

Another component of cranial dystonia is oroman-
dibular dystonia, featuring involuntary spasms of lower
cranial muscles that cause mouth opening, jaw clenching,
platysma contraction, tongue muscle contractions and
protrusion, and contractions of the soft palate. There may
be associated grunting, throat clearing, and inspiratory
noises. This type of dystonia is usually seen in combination
with blepharospasm as Meige’s syndrome, or as spasmodic
dysphonia (see below), but it may occur in isolation (Tolosa
and Marti 1988). In contrast to classic tardive dyskinesia
(for which oromandibular dystonia is commonly mis-
taken), the movements of oromandibular dystonia are typi-
cally brought out or aggravated by use of the involved mus-
cles, such as in talking or chewing (Table 25–3). Injuries of
the tongue, lips, and teeth are common. Touching the fin-
ger to the lips or teeth may lessen the spasms.

Involvement of laryngeal muscles is known as spasmodic
dysphonia. Most patients have a voice disturbance due to
hyperadduction of the vocal cords (adductor spasmodic
dysphonia) (Blitzer et al. 1988). The voice is strained, tight,
hoarse, and often tremulous. The less common
hyperabduction variety (abductor spasmodic dysphonia)
results in breathy phonation and sudden drops in pitch.

Writer’s cramp is the most common form of
task-specific focal limb dystonia (P. D. Thompson 1993).
Typically, the fingers and wrist flex excessively, causing the
hand to tightly grasp the pen and press unnecessarily hard
on the paper. Alternatively, the fingers may involuntarily
extend or splay, making it difficult to hold the pen. Tremor
or myoclonic jerks also may occur while writing. Initially,
only writing may be affected (simple writer’s cramp). Later,
other manual tasks also may be impaired (dystonic writer’s
cramp). There are a wide variety of other “occupational
palsies” or task-specific dystonias (Rosenbaum and
Jankovic 1988). As in the case of writer’s cramp, these typi-
cally begin in mid-adult life and subsequently persist or
progress. Like all other forms of dystonia, these disorders
are commonly misdiagnosed as being due to anxiety or
“nerves.” Both the chronic disability caused by the focal
dystonia and the frequent mislabeling as a psychological

disorder often result in emotional upset and reactive de-
pression.

Pathophysiology. Little is known of the etiology or
pathophysiology of idiopathic dystonia. Electrophysio-
logical studies suggest disturbances of inhibitory mecha-
nisms in the brainstem and spinal cord (Hallett 1998; Mar-
sden and Quinn 1990). These changes may be secondary to
aberrant suprasegmental influences, for example, originat-
ing from the basal ganglia. Routine histopathology studies
have failed to demonstrate consistent abnormalities. Study
of secondary dystonias may provide further clues to the ori-
gin and nature of the abnormalities in idiopathic dystonia.

Secondary Dystonia

Drug-induced dystonia. Levodopa-induced dys-
tonia in Parkinson’s disease is probably the most common
form of drug-induced dystonia. Other important agents
that can cause dystonia include DRBAs and, less com-
monly, anticonvulsants, selective serotonin reuptake in-
hibitors, antimalarial agents, and other miscellaneous
drugs (Lang 1992b; Leo 1996). With respect to neuro-
leptics (antipsychotics and antiemetics such as metoclo-
pramide), these drugs may cause short-lived dystonia very
early in their course (acute dystonic reactions) or pro-
longed dystonia usually after long-term use (tardive
dystonia). Unlike tardive dystonia, which has no age pref-
erence, and tardive dyskinesia and drug-induced
parkinsonism, which are more common in elderly patients,
neuroleptic-induced acute dystonia is more common in
younger patients and indeed rarely develops in elderly pa-
tients. It may be more common in men and is more likely to
occur with higher-potency neuroleptics. Although it is
rare, acute dystonia has been reported with clozapine
(Kastrup et al. 1994; Thomas et al. 1994). Dystonic reac-
tions usually develop within the first 5 days of starting a
neuroleptic, most often occurring on day 2 (Casey 1992).
Patients may develop a sensation of thickness of the
tongue, involuntary opening or closing of the mouth, facial
grimacing, tongue protrusion, tightness in the throat,
torticollis, retrocollis, oculogyric crisis (rolling of the eyes
upward or off to the side), or laryngopharyngeal spasms.
Limb or truncal spasm may result in bizarre posturing.

The pathophysiology of acute dystonia may involve an
idiosyncratic response to D2 receptor antagonists, al-
though this is controversial (Casey 1994). Treatment con-
sists of parenteral administration of anticholinergic or an-
tihistaminic agents followed by oral anticholinergics for
1–2 days.
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Miscellaneous secondary dystonias. In child-
hood a wide variety of storage diseases and neurometabolic
disorders can cause dystonia. All children presenting with
dystonia require a trial of levodopa to exclude the diagnosis
of dopa-responsive dystonia. This disorder is caused in
many instances by mutations in the gene encoding GTP
cyclohydrolase, which is necessary for synthesis of
tetrahydrobiopterin, a cofactor for tyrosine hydroxylase
(Ichinose et al. 1994; Tamaru et al. 1998). Adults present-
ing with this disorder typically demonstrate features of
Parkinson’s disease rather than dystonia. Wilson’s disease
is an extremely important consideration; however, it rarely
if ever presents de novo after age 45.

Dystonia can be seen after various acute brain insults
such as stroke (Lee and Marsden 1994; Marsden et al. 1985)
or head trauma (Krauss et al. 1996; Lee et al. 1994). The
dystonia secondary to stroke usually occurs weeks or even
years after the initial insult. The involuntary movements
often develop as hemiparesis resolves. Lesions resulting in
hemidystonia occur most often in the contralateral
putamen, thalamus, caudate nucleus, and globus pallidus.
Occasionally, blepharospasm has been associated with le-
sions in the brainstem, thalamus, or basal ganglia (Jankovic
1986).

Many of the secondary dystonias due to environmental
causes, such as encephalitis and exposure to toxins, have
stabilization of symptoms once the destructive process is
completed. However, for reasons that are not clearly
known, the symptoms of a static encephalopathy, including
dystonia, choreoathetosis, myoclonus, and even pyramidal
tract deficits, may progress in later adult life (Scott and
Jankovic 1996).

There is increasing evidence that peripheral trauma
may be associated with various forms of dystonia (Fletcher
et al. 1991; Jankovic 1994). Post-traumatic dystonia tends
to have a rapid onset after the inciting injury. In some in-
stances, there may be a genetic predisposition to idiopathic
dystonia, although to date this has not been proved. Some-
times a seemingly inconsequential injury can result in se-
vere, fixed dystonic postures with features of reflex sympa-
thetic dystrophy.

Dystonia is common to a variety of neurodegenerative
diseases. It is common in Parkinson’s disease both as a man-
ifestation of the disorder and as a complication of therapy
with dopamine agonists (e.g., levodopa, bromocriptine,
pergolide, and newer agents such as pramipexole and
ropinirole). Patients often develop transient dystonia as
their medications are “wearing off,” in the fully developed
“off” period, on awakening in the morning, or as a
peak-of-dose effect (Poewe et al. 1988). Patients with pro-
gressive supranuclear palsy usually have pronounced neck

and trunk rigidity, sometimes with nuchal extension,
which has been referred to as axial dystonia. There may be
associated dystonic posturing of the limbs, sometimes in a
hemidystonic pattern (Barclay and Lang 1997). Corti-
cal-basal ganglionic degeneration causes an akinetic-rigid
syndrome with apraxia, cortical sensory deficit, action
tremor, myoclonus, and frequent limb dystonia (Rinne et
al. 1994). Multiple system atrophy, which includes
striatonigral degeneration, Shy-Drager syndrome, and
olivopontocerebellar atrophy, may also manifest various
forms of dystonia, including excessive neck flexion (or
anterocollis) (Wenning et al. 1994). An occasional feature
of multiple system atrophy is laryngeal stridor, possibly
secondary to vocal cord paralysis (Isozaki et al. 1996) or
even laryngeal dystonia (Marion et al. 1992). Dystonia may
be a prominent feature of Machado-Joseph disease, a dom-
inant spinocerebellar ataxia, which, like Huntington’s dis-
ease, is associated with expansion of unstable CAG repeats
(Schols et al. 1996).

Psychogenic dystonia is uncommon, but when it does
occur it can be severe enough to cause permanent
contractures. Clinical clues that suggest psychogenic
dystonia include “giving way” weakness, nondermatomal
sensory loss, fixed postures, absence of sensory tricks, mul-
tiple somatizations, and especially inconsistency and in-
congruity of the abnormal movements (Fahn and Williams
1988; Lang 1995).

Treatment

Dystonia has traditionally been one of the most difficult
movement disorders to manage. Drug therapy is often un-
rewarding. The most effective drugs have a high incidence
of side effects, especially in elderly patients. High doses of
anticholinergic drugs (e.g., trihexyphenidyl, ethopro-
pazine, and benztropine) may be at least partially effective
in up to 50% of patients. Adults frequently experience in-
tolerable side effects secondary to both peripheral and cen-
tral anticholinergic effects. Peripheral side effects such as
blurred vision and constipation may be lessened by the use
of concomitant pilocarpine eye drops and oral bethanechol
or pyridostigmine. However, central side effects including
memory loss and confusion remain a major limiting factor,
especially in older patients. Tricyclic antidepressants,
benzodiazepines, carbamazepine, and baclofen may also be
helpful. Dopamine antagonists, particularly clozapine,
may be of some benefit. Tetrabenazine may also be useful,
particularly in tardive dystonia.

Botulinum toxin injection has revolutionized the ther-
apy of focal dystonia, particularly blepharospasm, spas-
modic torticollis, spasmodic dysphonia, and oroman-
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dibular dystonia (Jankovic and Brin 1991). The toxin acts
presynaptically at nerve terminals to decrease the amount
of acetylcholine released into the neuromuscular junction.
Chemical denervation of the muscle results in weakness
and wasting. The duration of benefit is usually 3–4 months.
Side effects are mainly related to excessive weakness of in-
jected muscles and to spread of the toxin locally to other ar-
eas (e.g., causing dysphagia in patients treated for cervical
dystonia).

Myoclonus

Myoclonus refers to sudden, brief, shock-like involuntary
movements that are usually caused by active muscle con-
traction (positive myoclonus) but can also be caused by in-
hibition of ongoing muscle activity (negative myoclonus,
including asterixis) (Caviness 1996). Myoclonus may be fo-
cal, multifocal, segmental (involving two or more contigu-
ous regions), or generalized. There is a wide clinical spec-
trum of myoclonic movements (Obeso et al. 1993). They
may be single, rare jerks or constant repetitive contrac-
tions. The amplitude may vary from a mild twitch that fails
to move a joint to a gross jerk that moves the entire body.
The pattern is usually irregular but sometimes may be
rhythmic, giving a superficial appearance of tremor.
Myoclonus may occur spontaneously at rest or on attempt-
ing movement (action myoclonus). Myoclonus is fre-
quently triggered (stimulus sensitive) by a variety of stimuli
such as sudden noise, light, visual threat, soft touch, pin-
prick, or muscle stretch.

Myoclonus can originate from a variety of locations in
the central nervous system (Shibasaki 1995). Electro-
physiological studies, including back-average recording of
electroencephalographic (EEG) potentials, evoked poten-
tials, long-latency reflex recordings, and multichannel
electromyographic (EMG) assessment, are capable of sep-
arating myoclonus of cortical and subcortical (reticular)
origin. Less often, myoclonus originates at a segmental
(brainstem or spinal) level, in which case the movements
are often rhythmical. Rarely, myoclonic movements are
caused by lesions in the peripheral nervous system.
Clinically, it is sometimes difficult to distinguish
myoclonus from tics. Unlike tics, myoclonus cannot be
willfully controlled nor is it associated with a conscious
urge to move or with relief once the movement has been
completed. Myoclonic movements are usually of shorter
duration and less patterned than tics and are typically in-
creased rather than diminished when the patient performs
a motor act.

Causes of myoclonus in the elderly may include idio-

pathic disorders such as physiological myoclonus, noctur-
nal myoclonus, essential myoclonus, and startle syn-
dromes. More commonly, however, myoclonus in elderly
patients is secondary to metabolic disorders, infections,
drug administration, hypoxia, and degenerative diseases
(Table 25–7). In earlier life, myoclonus is a common fea-
ture of idiopathic seizure disorders (epileptic myoclonus),
and it may be a feature of progressive encephalopathies as-
sociated with seizures such as Lafora’s disease (i.e., pro-
gressive myoclonic epilepsies).

Idiopathic Myoclonus

Physiological myoclonus. Physiological myoclo-
nus occurs in healthy individuals and is often worsened by
fatigue or stress. Hiccups and the jerking that most people
experience on falling asleep (sleep starts or hypnic jerks) are
other forms of myoclonus seen in healthy individuals.

Nocturnal myoclonus. Periodic movements in
sleep are stereotyped, repetitive movements of the legs that
appear during stages 1 and 2 of sleep (Silber 1997; Wetter
and Pollmacher 1997). Typically, there is myoclonic jerk-
ing of one or both legs followed by tonic flexion at the knee
and hip, dorsiflexion at the ankle, and extension of the big
toe. The duration of the movements may be as long as 5 sec-
onds, implying that they are not truly myoclonic in nature;
they occur at regular intervals, usually every 20–40 sec-
onds. The prevalence of periodic movements in sleep ap-
pears to increase with age, being present in 29% of patients
over age 50 (Lugaresi 1986).

Restless legs syndrome consists of nighttime unpleas-
ant paresthesia and restlessness of the legs. These symp-
toms are relieved or lessened by activity, and patients may
demonstrate a variety of secondary purposeful movements
such as stretching, rubbing the legs, wiggling the ankles, or
arising and pacing. Some patients also have myoclonic or
dystonic involuntary movements in the legs while awake,
and periodic movements in sleep are almost universal
(Walters and Hening 1987). The symptoms interfere with
sleep and, in fact, restless legs syndrome is the fourth lead-
ing cause of insomnia after psychiatric disorders, drug
abuse, and sleep apneas (Coleman 1982). Restless legs syn-
drome can develop at any age, but symptoms may become
more severe in old age. Most cases are idiopathic, although
strong associations exist with iron deficiency anemia, rheu-
matoid arthritis, and uremia. When no cause is apparent,
restless legs syndrome may be inherited as an autosomal
dominant trait. Neuroleptic treatment can exacerbate the
symptoms of restless legs syndrome. Peripheral
neuropathies may cause similar symptoms. Both periodic
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movements in sleep and restless legs syndrome respond to
benzodiazepines, including clonazepam and nitrazepam;
dopamine agonists such as levodopa, pergolide, and
pramipexole; or µ-receptor opiate agonists such as codeine
or propoxyphene (Kaplan et al. 1993; Winkelmann et al.
1998).

Essential myoclonus. Essential myoclonus is an
idiopathic disorder that is often inherited in an autosomal
dominant pattern (Quinn 1996). Symptoms typically begin
in childhood or early adult years and persist with a variable
course over the remainder of the patient’s life. Disability
may be pronounced. Some patients also demonstrate a pos-
tural tremor, and others have features of focal or segmental
dystonia. Whether these features are all manifestations of
the same genotype or whether “essential myoclonus” rep-
resents several different genetic diseases remains to be de-
termined (Bressman and Fahn 1986). Some patients expe-
rience a pronounced beneficial response with alcohol, and
this has led to problematic alcohol abuse (Quinn 1996).

Startle syndromes. The startle syndromes repre-
sent exaggerations of the normal human alerting reaction
(startle). There is excessive motor response to unexpected
auditory or visual stimuli. Typically, this consists of a blink,
contortion of the face, and flexion of the neck, trunk, and
arms. Sometimes the condition is inherited in autosomal
dominant fashion (hyperexplexia) and may be associated
with a mutation in the α1-glycine receptor subunit (Shiang
et al. 1993), but in rare cases it may result from acquired
brain stem pathology such as anoxia, hemorrhage, or
sarcoidosis (Brown et al. 1991b). Clonazepam is currently
the treatment of choice.

Secondary Myoclonus

Myoclonus secondary to metabolic distur-
bances. Myoclonus may result from a wide range of
metabolic disturbances, including severe hepatic failure,
hyponatremia, hypoglycemia, and nonketotic hypergly-
cemia. The myoclonus commonly seen in uremia involves
the face and upper extremities and is often aggravated by
auditory or tactile stimuli. A significant number of patients
with metabolic derangements will demonstrate asterixis.
These brief lapses in postural tone (negative myoclonus)
can be demonstrated by attempting to hold the wrist ac-
tively extended or the foot dorsiflexed. Toxic levels of
anticonvulsants, especially phenytoin, may cause asterixis
as well as typical myoclonus. Unilateral asterixis may be
caused by focal central nervous system lesions, which often
involve the thalamus (Young and Shahani 1986).
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TABLE 25–7. Causes of myoclonus in elderly
patients

Physiological myoclonus
Hiccup
Sleep starts
Exercise induced
Anxiety induced

Essential myoclonus
Secondary myoclonus

Metabolic causes
Hepatic failure
Renal failure
Dialysis syndrome
Hyponatremia
Hypoglycemia
Nonketotic hyperglycemia

Viral encephalopathies
Herpes simplex encephalitis
Arbovirus encephalitis
Encephalitis lethargica
Postinfectious encephalomyelitis

Drugs and toxins
Bismuth
Heavy metal poisons
Methyl bromide, DDT
Drugs: tricyclic antidepressants, levodopa,
monoamine oxidase inhibitors, antibiotics, and
lithium

Physical encephalopathies
Postanoxic (Lance-Adams syndrome)
Posttraumatic
Heat stroke
Electric shock
Decompression injury

Dementing and degenerative diseases
Creutzfeldt-Jakob disease
Alzheimer’s disease
Cortical-basal ganglionic degeneration
Parkinson’s disease
Huntington’s disease
Multiple system atrophy
Pallidal degenerations

Focal central nervous system damage
Poststroke
Olivodentate lesions (palatal myoclonus)
Spinal cord lesions (segmental/spinal myoclonus)
Tumor
Trauma
Following thalamotomy (often unilateral asterixis)

Source. Adapted from Fahn et al. 1986.



Myoclonus secondary to infections or tu-
mors. Multifocal or generalized myoclonus may be
seen in patients with systemic infections, acute encephal-
itides, or postinfectious encephalomyelitis. Myoclonus
may be accompanied by opsoclonus (dancing eye move-
ments) as a paraneoplastic syndrome. In adults, this may ac-
company gynecological tumors and has been associated
with the Ri antineuronal antibody (Dropcho 1998).

Myoclonus secondary to drug administration.
A wide variety of medications may cause myoclonus. Most
often this occurs in the context of an acute toxic
encephalopathy. For example, antibiotics, especially the
penicillins and cephalosporins, can cause isolated myo-
clonus or more severe toxic encephalopathy with seizures,
especially if given to patients with compromised renal
function. A number of other drugs may cause myoclonus
even in the absence of other features of toxicity; these in-
clude tricyclic antidepressants, levodopa, dopamine
agonists, monoamine oxidase inhibitors, and lithium. In
psychiatric practice, myoclonus occurs in up to 40% of pa-
tients taking tricyclic antidepressants (Garvey and
Tollefson 1987).

Postanoxic myoclonus. Postanoxic myoclonus
usually results from cardiac arrest, respiratory failure, or an
anesthetic accident. Pronounced myoclonus in a patient
with one of these conditions usually indicates a severe
anoxic encephalopathy with poor prognosis. A unique syn-
drome of action myoclonus (Lance-Adams syndrome) oc-
curs in a minority of patients surviving severe cerebral an-
oxia. As the patient awakens from coma, action-induced
myoclonic jerks emerge, as do lapses in posture (negative
myoclonus), which frequently result in falling. In more se-
verely affected individuals, myoclonus interferes with all
voluntary movement, including speech and swallowing.
Additional cognitive and behavioral disturbances may ac-
company the myoclonus depending on the extent of anoxic
cerebral damage.

The pathophysiology of postanoxic action myoclonus
is strongly associated with dysfunction of brainstem sero-
tonin pathways. The major metabolite of serotonin, 5-hy-
droxyindoleacetic acid, is typically reduced in the
cerebrospinal fluid of these patients. Agents that increase se-
rotonin activity, such as the serotonin precursor L-5-hydrox-
ytryptophan (L5HTP) given with carbidopa are often mark-
edly effective in reducing myoclonus. However, L-5HTP
may cause a variety of side effects and is not readily available.
For these reasons, the treatments of choice are valproic acid
and/or clonazepam, agents that can also result in a striking re-
duction in the severity of the myoclonus.

Myoclonus related to dementing and neuro-
degenerative diseases. Myoclonus is a prominent
feature of Creutzfeldt-Jakob disease (see Chapter 23 in this
volume), a disorder that causes subacute onset of dementia
and personality change. Myoclonus may begin in the face
or limbs, but it later becomes more generalized as the dis-
ease progresses. Although present at rest, the myoclonus
can often be triggered by loud noise. The EEG often shows
periodic sharp discharges, occurring approximately once
per second. The myoclonic jerks are sometimes time
locked to these abnormal EEG discharges.

Myoclonus is present in 10% or more of patients with
Alzheimer’s disease. It can occur at any time in the course of
the illness but is often a late manifestation (Hauser et al.
1986). Focal, stimulus-sensitive myoclonus is a common
feature of cortical-basal ganglionic degeneration and mul-
tiple system atrophy, including striatonigral degeneration,
Shy-Drager syndrome, and olivopontocerebellar degener-
ation. In Parkinson’s disease, myoclonus rarely occurs as an
early feature. Most often it develops as a late-stage side ef-
fect of levodopa, especially in patients with psychiatric
complications and concomitant dementia.

Segmental Myoclonus

Palatal myoclonus is characterized by unilateral or bilateral
1.5- to 3-Hz rhythmic (thus the more appropriate designa-
tion as a “tremor”) movements of the soft palate (Deuschl
et al. 1994). Synchronous movements of adjacent muscles
of the face and neck frequently accompany the palatal ac-
tivity. In most patients, a definitive cause can be identified,
and these patients are said to have symptomatic palatal
tremor. The most common cause of symptomatic palatal
tremor is stroke affecting the brainstem and cerebellum
(Deuschl et al. 1990). The palatal tremor usually develops
after a delay of up to 10 months after the initial stroke and
persists as a permanent sequela.

Patients do not typically complain of the involuntary
palatal movements, but rather they are more bothered by
limb, gait, and oculomotor disturbances from the underly-
ing infarction. MRI often shows a hyperintense signal in
the inferior olive (Pierot et al. 1992). Pathological exami-
nation shows vacuolar hypertrophic transsynaptic degen-
eration of the inferior olive with a lesion involving the con-
nection between the cerebellar dentate nucleus (via the
superior cerebellar peduncle) and the central tegmental
tract to the contralateral inferior olive. When the lesion is
unilateral, the olivary hypertrophy is on the side opposite
the myoclonus.

One-quarter of patients with palatal tremor (myo-
clonus) have no underlying cause identified (Deuschl et al.
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1990). These patients are considered to have essential pala-
tal tremor, which typically occurs in young adulthood and
presents with a clicking sound in the ear that can often also
be heard by the examiner. The cause of the ear click is prob-
ably the sudden opening and closing of the eustachian tube
as a result of intermittent contraction of the tensor veli
palatini muscle.

Palatal myoclonus is typically resistant to pharmaco-
logical therapy, although occasional patients will respond
to drugs such as clonazepam or anticholinergics. Bother-
some ear click may be reduced by focal injections of botuli-
num toxin into the tensor veli palatini muscle (Deuschl et
al. 1991).

Spinal myoclonus is also usually slow and rhythmic, in-
volving the muscles of several spinal segments and result-
ing in movements of one or more limbs and/or trunk. Le-
sions in the spinal cord that may give rise to myoclonus
include infection, demyelination, tumor, degenerative dis-
ease, and cervical myelopathy (Jankovic and Pardo 1986).
Another rare form of spinal myoclonus is thought to origi-
nate in slowly conducting propriospinal pathways.
Propriospinal myoclonus includes spontaneous and stimu-
lus-sensitive nonrhythmic axial jerks causing symmetric
flexion of the neck, trunk, hips, and knees (Brown et al.
1991a).

Hemifacial Spasm

Hemifacial spasm typically begins in adulthood and is
more common in women. It begins as brief twitches around
the eye that gradually increase in severity and may evolve to
sustained contractions lasting many seconds to minutes.
The movements may remain isolated to the orbicularis
oculi or may spread to other ipsilateral facial muscles. The
movements cannot be voluntarily suppressed and tend to
persist in sleep. In most instances it is thought that
hemifacial spasm is caused by mechanical compression of
the facial nerve at the nerve root exit zone by an aberrant
blood vessel (less commonly by a tumor, aneurysm, or
other compressive lesion). Although surgical decompres-
sion of the facial nerve can be curative (Jannetta et al. 1977),
botulinum toxin injection is extremely effective in reduc-
ing the involuntary movements and is the treatment of
choice (Jankovic and Brin 1991).

Tics

Tics are intermittent, repetitive, stereotyped abnormal
movements (motor tics) or sounds (vocal tics) that vary in
intensity and are repeated at irregular intervals. Tics en-

compass an extremely broad range of movements and
sounds. Although most tics are abrupt and brief, some tics
may be slower in onset and prolonged (dystonic tics). Mo-
tor and vocal tics may be further classified as simple or com-
plex. Simple motor tics involve one group of muscles and
include eye blinking, shoulder shrugging, or facial grimac-
ing. Complex motor tics are coordinated sequences of
movement such as touching, hitting, jumping, or
copropraxia (obscene gestures). Simple vocal tics are inar-
ticulate noises or sounds, including throat clearing, sniff-
ing, and grunting. Complex phonic tics involve saying
words and include echolalia (repetition of others), palilalia
(repetition of self), and coprolalia (swearing). Patients usu-
ally experience an inner urge to perform the movement
that is temporarily relieved by the execution of the move-
ment. More than most other movement disorders, tics can
be suppressed for prolonged periods of time and are de-
creased by distraction or concentration on complex mental
or motor tasks.

Tics are most commonly idiopathic but may result
from a variety of other conditions such as encephalitis,
head injury, stroke, and drug administration (Table 25–8).
Tics usually begin in childhood either as a simple transient
motor tic or as part of the spectrum of manifestations of
Gilles de la Tourette syndrome (Tourette syndrome).
Many patients with Tourette syndrome remit in adoles-
cence, but for the remainder the syndrome is a lifelong dis-
order. Tourette syndrome is probably inherited in an
autosomal dominant pattern, with incomplete penetrance
and sex-related expression. A close association exists with
obsessive-compulsive disorder; indeed, behavioral mani-
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TABLE 25–8. Causes of tics in elderly patients

Idiopathic
Persistent childhood-onset tic disorder
Simple tic

Multiple motor tics
Multiple motor and vocal tics (Tourette syndrome)

Adult-onset tic disorder
Secondary

Postencephalitic
Head injury
Carbon monoxide poisoning
Poststroke
Drugs: stimulants, levodopa, neuroleptics (“tardive

Tourette”), carbamazepine, phenytoin, and pheno-
barbital

Mental retardation syndromes: including chromosomal
abnormalities

Postrheumatic chorea (probably not seen in the elderly)



festations in the absence of motor tics may be a variant.
Unfortunately, there is limited information regarding

the course of Tourette syndrome as patients reach the geri-
atric age period. Interestingly, the first well-described pa-
tient with Tourette syndrome reported by Itard in 1825 (in-
cluded in Gilles de la Tourette’s first paper) was 85 years old
(Bruun 1988). The results of studies including elderly pa-
tients with Tourette syndrome indicate that most patients
improve with maturity (except for occasional worsening in
the fourth decade) and that when symptoms persist beyond
age 50 they are typically mild (Bruun 1988; Burd et al.
1986). On the other hand, we have seen one patient with
lifelong multiple simple motor tics who at the age of 72 de-
veloped the complex vocal tic of shouting the names of
friends and 2 years later developed echolalia and coprolalia
(Lang et al. 1983). Additional studies are required to un-
derstand the effects of aging on the course of tics. Further
complicating this issue is the rare occurrence of idiopathic
adult-onset tics. Epidemiological and clinical aspects of
tics beginning in mid to late adult life have yet to be for-
mally studied. The relationship between adult-onset tics
and the more common childhood-onset tics, including
Tourette syndrome, is unknown at present.

In the treatment of tics, the goal should be satisfactory
alleviation rather than complete elimination of motor
manifestations. In mild cases, treatment with clonidine
may suffice. Neuroleptics (most commonly haloperidol)
may then be tried if this is unsuccessful. Other medications
that have been reported in tic treatment include
tetrabenazine and clonazepam. Botulinum toxin injection
may be helpful in cases of painful dystonic tics. Compulsive
symptoms that accompany tics may be treated with seroto-
nin selective reuptake inhibitors such as fluoxetine.

Summary

The hyperkinetic movement disorders include tremor,
chorea, dystonia, myoclonus, and tics. A wide variety of
these dyskinesias begin in late life or have a course affected
in some manner by the aging process. The idiopathic focal
dystonias, including spasmodic torticollis, cranial
dystonia, and writer’s cramp, begin in mid to late life and
can result in significant disability. Neurodegenerative dis-
orders such as multiple system atrophy, progressive
supranuclear palsy, cortical basal ganglionic degeneration,
Alzheimer’s disease, and Creutzfeldt-Jakob disease all may
be associated with variable degrees of dystonia, myoclonus,
or tremor. Patients with Parkinson’s disease who have been
receiving long-term levodopa therapy often develop
prominent choreiform and dystonic movements.

Aging is associated with an increased risk of

cerebrovascular disease, which can sometimes result in
“cerebellar outflow tremor,” chorea (including hemi-
ballismus), delayed dystonia, palatal myoclonus, and occa-
sionally asterixis. Elderly patients have a greater chance of
developing tardive dyskinesia when exposed to neuro-
leptics and appear to have less potential for improvement
after discontinuation of these drugs than do younger pa-
tients. The incidence of periodic movements in sleep and
“spontaneous orofacial dyskinesia” also increases with ad-
vancing age. Some disorders, such as essential tremor, may
worsen with age. Conversely, there are examples in which
advanced age appears to be an attenuating factor in the ex-
pression of hyperkinetic disorders. The incidence of
neuroleptic-induced acute dystonic reactions decreases
with age, and these reactions rarely occur in the elderly.
Tics appear to lessen in severity after the third decade.

Treatment of hyperkinetic movements in older pa-
tients is often limited by medical contraindications or poor
drug tolerance. An informed trial-and-error sequential use
of several different medications may be necessary in dis-
abled patients. Botulinum toxin has revolutionized the
treatment of dystonia. Neuroleptics might be used more
readily in elderly patients for the management of
choreiform disorders, as there is less concern about
long-term sequelae such as tardive dyskinesia; however,
this possibility should remain a concern, as should the
greater risk of disabling drug-induced parkinsonism.

In summary, an elderly patient with a movement disor-
der may pose a diagnostic and therapeutic challenge for the
clinician. The important first step is the classification of the
dyskinesia, which then focuses the diagnostic consider-
ations and guides the approach to treatment.
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Parkinson’s Disease and

Parkinsonism

Alexander I. Tröster, Ph.D.

Julie A. Fields

William C. Koller, M.D., Ph.D.

James Parkinson (1817), in his treatise of
the disease now bearing his name, con-

sidered the senses and intellect to be spared in Parkin-
son’s disease (PD), but alterations of mental function
have been recognized since the late 1800s (Charcot
1878). These alterations may take the form of cognitive
dysfunction, clinical psychiatric illness, sleep disturbance,
or any combination thereof. The alterations are com-
monly encountered by clinicians who manage this illness
or provide general medical care. In PD, the diagnosis of
cognitive and behavioral disturbances, such as dementia
and depression, is usually based on Diagnostic and Statisti-
cal Manual of Mental Disorders (American Psychiatric As-
sociation 1994) criteria. The appropriateness of these cri-
teria to PD remains debated, and the criteria provide no
guidance in the diagnosis of circumscribed cognitive im-
pairments in PD without dementia. The establishment of
specific diagnostic guidelines would facilitate recognition
of, and reinforce the cause-and-effect relationship be-

tween, these abnormalities of mental function and PD.
In this chapter, our goal is to provide a description of

the various neurobehavioral changes encountered in PD.
In doing so, we emphasize the clinical features and discuss
the proposed pathogenetic mechanisms and treatment op-
tions currently available.

Clinical Features

The four cardinal signs of parkinsonism are tremor,
bradykinesia, rigidity, and postural abnormalities (includ-
ing disturbance of balance). However, the clinical onset
may be heralded by nonspecific symptoms such as general-
ized fatigue; muscle tightness, aching, or cramping; focal
dystonias; decreased manual dexterity; restlessness; sen-
sory symptoms (e.g., extremity pain or paresthesias); and
psychiatric complaints (e.g., anxiety and/or depression).
Complaints may also be related to autonomic nervous sys-
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tem dysfunction such as postural hypotension, constipa-
tion, and/or paroxysmal sweating.

Epidemiology

Two measures are used to express the frequency with which
a given disease occurs. Prevalence refers to the total num-
ber of cases present within a population at a given time. In-
cidence refers to the number of new cases that occur within
a given time, usually per year, in a given population. Preva-
lence rates are sensitive to factors related to disease sur-
vival. For example, a slowly progressive disease such as PD
will have a much higher prevalence than another disease
with comparable incidence but a short survival time. Con-
sequently, incidence is considered a more accurate measure
of disease frequency. Unfortunately, incidence rates are
more difficult to establish, and the majority of epidemio-
logical studies of PD have examined its prevalence.

The first comprehensive study (Kurland 1958), a com-
munity-based study in Rochester, Minnesota, recognized
persons receiving medical attention for PD and found a
187/100,000 prevalence and a 20/100,000 annual incidence.
Prevalences found by community-based studies worldwide
have varied from 31 to 347 per 100,000 (Table 26–1).

A number of risk factors for the development of PD
have been investigated. Among demographic factors, in-
creasing age has been the most consistently identified risk
factor. Onset of PD before the fifth decade is rare, and
age-specific prevalence is highest for the seventh and
eighth decades (Tanner et al. 1997). Gender and race may
be other risk factors: PD is almost twice as common in men
as in women; its prevalence may be higher among whites
than among blacks (Schoenberg et al. 1985), but this

finding remains controversial.
Several putative environmental risk factors (e.g., tox-

ins) have also been identified. The most striking example of
toxins causing parkinsonism (Table 26–2) is 1-methyl-4-
phenyl-1,2,3,6- tetrahydropyridine (MPTP), which pro-
duces clinical and cognitive changes closely resembling
those of idiopathic PD (Langston et al. 1983; Stern and
Langston 1985). Other neurotoxins cause more wide-
spread injury resulting in parkinsonism and a constellation
of other clinical findings (Goetz 1985). Several other fac-
tors, probably by virtue of involving toxicant exposure,
have been linked to a heightened prevalence of PD: resi-
dence in industrialized nations (Aquilonius and Hartvig
1986); farming (Gorell et al. 1998) and residence in rural
areas with exposure to well water, herbicides, or pesticides
(Hubble et al. 1993; Koller et al. 1990; Tanner et al. 1987);
and employment in chemical, wood pulp, and steel-
manufacturing industries (Tanner 1989).

Genetic factors do not appear to play a primary role in
the pathogenesis of PD. Studies of several large family
kindreds suggested an autosomal-dominant inheritance
mechanism in atypical PD (e.g., Golbe et al. 1990a, 1993;
Waters and Miller 1994), but only rarely in typical PD
(Wszolek et al. 1995). Interpretation of some of these stud-
ies is complicated by possible intermarriage in preceding
generations (which may result in a spurious autosomal-
dominant inheritance pattern) and by disease ascertain-
ment methods (Wszolek et al. 1996). A significantly
greater concordance of PD in monozygotic than dizygotic
twins, which would support a genetic basis for the disease,
also has not been found (e.g., Marsden 1987; Ward et al.
1983).

Genetic factors may, however, predispose to PD. Such
a genetic predisposition, together with environmental fac-
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TABLE 26–1. Estimated prevalence of Parkinson’s disease in community-based studies

Study Location Patient acquisition setting Prevalence per 100,000
Kurland 1958 Rochester, MN Clinical 187
Gudmundsson 1967 Iceland Clinical 162
Kessler 1972 Baltimore, MD Clinical 128
Marttila and Rinne 1967 Finland Clinical 120
Li et al. 1982 China Door-to-door 44
Schoenberg et al. 1985 Copian County, MS Door-to-door 347
Mutch et al. 1986 Scotland Clinical 164
Ashok et al. 1986 Libya Clinical 31
Schoenberg et al. 1988 Nigeria Door-to-door 59
Okada et al. 1990 Japan Clinical 82
Rocca and Morgante 1990 Sicily, Italy Door-to-door 243



tors, may lead to the appearance of the clinical syndrome
(Barbeau and Pourcher 1982). For instance, individuals
with defective xenobiotic-metabolizing enzymes (e.g.,
CYP2D6, a subfamily of the cytochrome P450 enzymes)
may be at greater risk for PD when exposed to toxins usu-
ally broken down by these enzymes, but the relationship
between CYP2D6 alleles and PD remains unclear (Tanner
et al. 1997).

Several factors have been suggested to protect against
PD, including smoking (e.g., Grandinetti et al. 1994) and
ingesting of foods rich in antioxidant vitamins (Golbe et al.
1990b; Li et al. 1982).

Differential Diagnosis

The differential diagnosis includes any disorder manifest-
ing parkinsonism (Table 26–2), a syndrome that may result

from a variety of etiologies. PD is thought to have a long
prodromal phase (Koller and Montgomery 1997), and no
set of universally accepted diagnostic criteria for early PD
exists. Research criteria (Table 26–3) and probabilistic cri-
teria (Table 26–4) are commonly employed, and various
exclusionary criteria (Table 26–5) have been proposed to
enhance diagnostic accuracy. Probability criteria based on
inclusionary and exclusionary features were recently pro-
posed by Gelb et al. (1999), but, like other criteria, their
utility remains to be evaluated. Clinical diagnostic accu-
racy defined on the basis of postmortem neuropathological
examination is approximately 75% (Hughes et al. 1992;
Rajput et al. 1991).

The group of disorders designated multiple system at-
rophies (also known as parkinsonism-plus syndromes)
share parkinsonian features with PD, but manifest addi-
tional findings (e.g., supranuclear ophthalmoplegia in pro-
gressive supranuclear palsy and dysautonomia in
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TABLE 26–2. Classification of parkinsonism

Infectious and postinfectious causes of parkinsonism
Encephalitis lethargica
Encephalitides
Syphilis

Toxic causes of parkinsonism
Manganese
Carbon monoxide
Carbon disulfide
Cyanide
Methanol
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)

Pharmacological causes of parkinsonism
Neuroleptics

Phenothiazines
Butyrophenones (e.g., haloperidol)
Thioxanthenes (e.g., thiothixene)
Benzamides (e.g., metoclopramide)

Reserpine, tetrabenazine
Miscellaneous agents

α-Methyldopa
Lithium

Multiple system atrophies with parkinsonian features
Striatonigral degeneration
Progressive supranuclear palsy
Olivopontocerebellar degeneration
Shy-Drager syndrome

Other degenerative diseases of the nervous system with
parkinsonian features

Primary pallidal atrophy
Idiopathic dystonia-parkinsonism
Corticobasal ganglionic degeneration

Hemiatrophy-hemiparkinsonism
Parkinsonism–amyotrophic lateral sclerosis (ALS)–

dementia complex of Guam
“Atherosclerotic” or “senile” parkinsonism
Alzheimer’s and Pick’s diseases
Creutzfeldt-Jakob disease
Gerstmann–Sträussler–Schneider disease
Rett’s disease

Central nervous system disorders that may cause
parkinsonism

Normal pressure hydrocephalus
Stroke
Tumor
Trauma
Subdural hematoma
Syringomesencephalia

Metabolic causes of parkinsonism
Hypoparathyroidism and basal ganglia calcification
Chronic hepatocerebral degeneration

Hereditary diseases of the nervous system associated
with parkinsonism

Wilson’s disease
Huntington’s disease
Disorder with diffuse pathology
Spinocerebellonigral degeneration
Parkinsonism with ataxia and neuropathy
Parkinsonism with alveolar hypoventilation

Psychogenic disorders
Factitious disorder
Somatoform disorder
Malingering



Shy-Drager syndrome). Early in their courses, these disor-
ders may be difficult to distinguish from PD. One useful
characteristic in this regard is their poor responsiveness to
levodopa or dopamine agonists. Parkinsonian signs and
symptoms may also be of psychogenic origin. In these in-
stances, it becomes important to determine whether the
signs are a manifestation of malingering, a somatoform dis-
order, or a factitious disorder (Koller et al. 1998a).

Treatment

Treatment goals should be individualized for each patient.
A treatment algorithm for PD is presented in Figure 26–1.
Patient and family education is important for the patient
newly diagnosed with PD (Figure 26–2), and patients
should be encouraged to contact a PD support group.

Pharmacotherapy

Levodopa. Levodopa has been the mainstay of drug
therapy for the motor manifestations of the disease. Its ab-
sorption is highly variable in the proximal small intestine,
with competition for transport from amino acid compo-
nents of ingested protein (Riley and Lang 1988). It is de-
carboxylated to dopamine in the gut and liver and, after
crossing the blood-brain barrier, in the brain by the surviv-
ing dopaminergic neurons and by decarboxylase-
containing serotonergic and adrenergic neurons
(Melamed et al. 1980).

The initiation of levodopa therapy, most often when
PD has begun to interfere with activities of daily living,
usually results in dramatic improvement in motor symp-
toms. The absence of a therapeutic effect at high doses ne-
cessitates reappraisal of the diagnosis. Bradykinesia and ri-
gidity respond best. Tremor may improve somewhat, but
usually there is no improvement in postural stability, men-
tal state, or autonomic nervous system dysfunction.

Levodopa is combined with a peripheral dopa decar-
boxylase inhibitor (carbidopa in the United States,
benserazide in Europe) to counteract the adverse effects of
peripherally produced dopamine (e.g., nausea, vomiting,
and postural hypotension). Domperidone, a peripheral do-
pamine antagonist not yet available in the United States,
may also be used to treat levodopa-associated nausea
(Olanow and Koller 1998). Most patients are started at a
dose of one tablet of Sinemet 25/100 (25 mg carbidopa and
100 mg levodopa) thrice daily, 30 minutes before or 1 hour
after meals. The subsequent dosage is adjusted to obtain an
optimal motor response.

A long-acting preparation, Sinemet CR (controlled-
release) 50/200, is a slowly eroding tablet that is absorbed

562 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

TABLE 26–3. Research criteria for probable
Parkinson’s disease

1. Evidence of disease progression
2. Presence of at least two of the three cardinal features of

parkinsonism:
a. Tremor
b. Rigidity
c. Bradykinesia

3. Presence of at least two of the following:
a. Marked response to levodopa (functional

improvement or dyskinesia)
b. Asymmetry of signs
c. Asymmetry at onset

4. Absence of clinical features of alternative diagnosis
5. Absence of etiology known to cause similar features

Source. Reprinted with permission from Koller WC, Montgomery
EB: “Issues in the Early Diagnosis of Parkinson’s Disease.” Neurology
49 (suppl 1): S10–S25, 1997. Copyright 1997 Lippincott Williams &
Wilkins.

TABLE 26–4. Probabilistic classification scheme
for the diagnosis of Parkinson’s
disease

Clinically possible
The presence of any one of the salient features:

Tremor
Rigidity
Bradykinesia

Impairment of postural reflexes is not included because it
is too nonspecific. The tremor must be of recent onset
but may be postural or resting.

Clinically probable
A combination of any two of the cardinal features:

Resting tremor
Rigidity
Bradykinesia
Impaired postural reflexes

Alternatively, asymmetrical resting tremor, asymmetrical
rigidity, or asymmetrical bradykinesia is sufficient.

Clinically definite
Any combination of three of the cardinal features (above).
Alternatively sufficient are two of these features, with one
of the first three displaying asymmetry.

Source. Reprinted with permission from Koller WC, Montgomery
EB: “Issues in the Early Diagnosis of Parkinson’s Disease.” Neurology
49 (suppl 1): S10–S25, 1997. Copyright 1997 Lippincott Williams &
Wilkins.



over a more protracted period of time. Its onset of effect is
slower than that of standard Sinemet, but it has been shown
to decrease “off” time (return of symptoms as a result of
subtherapeutic drug effects), early morning dystonia, and
nocturnal disturbances. Sinemet and Sinemet CR may be
given separately or in combination based on the desired
clinical effect.

Dyskinesias are prominent among the adverse effects
caused by levodopa. Choreic movements are most com-
mon, and dyskinesias may interfere with speech, swallow-
ing, respiration, and balance (Tanner 1986). Dyskinesias
are dose-related and may improve by lowering the dose, al-
though this may exacerbate the parkinsonism. In addition,
motor fluctuations (e.g., early morning akinesia), “wear-
ing-off,” and “on-off” phenomena are more severe in pa-
tients treated with levodopa. Smaller and multiple doses
may improve this end-of-dose deterioration. The

neurobehavioral complications of levodopa therapy are
discussed later in this chapter.

The natural history of PD includes gradual deteriora-
tion of speech and posture and gait abnormalities.
Levodopa does little to affect progression to disability in
this regard. However, its efficacy may continue for rigidity,
bradykinesia, tremor, and micrographia after many years of
levodopa therapy (Klawans 1986), and levodopa has re-
duced premature mortality in patients with PD (Curtis et
al. 1984).

Selegiline and neuroprotection. Because oxidant
stress might play a role in the pathogenesis of PD,
selegiline (L-deprenyl, Eldepryl), a monoamine oxidase-B
(MAO-B) inhibitor, might exert a neuroprotective effect
by reducing stress associated with MAO-B oxidation of do-
pamine. Selegiline has been shown to delay evolution of
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TABLE 26–5. Proposed exclusion criteria for the diagnosis of Parkinson’s disease

Author
Suggested exclusion criteria Gibb 1988 Koller 1992 Quinn 1994
More than one affected relative X
Remitting course X X
History of definite encephalitis lethargica X X
Oculogyric crises X X
Neuroleptic therapy within the previous year X X
Supranuclear down or lateral gaze palsy X X
Cerebellar signs X X
Autonomic neuropathy X
Alzheimer-type dementia from onset of symptoms X X
Pyramidal signs not explained by discrete strokes X X
Cerebrovascular diseasea X
Abrupt onset of symptoms X
Stepwise progression X
Lower motor neuron signs X
Severe autonomic failure causing repeated syncope X
Postural instability, with falling, early in disease course X
Rapid disease progression X
Permanently wheelchair-bound despite therapy X
Irregular jerk tremor X
Marked dysarthria X
Marked dysphagia X
Disproportionate antecollis X
Cold, dusky hands (Raynaud’s phenomenon) X
aImplied by ataxic gait, stroke at onset, incontinence in first year, or early severe dementia; or two of the following: hypertension, emotional in-
continence, spastic gait.
Source. Reprinted with permission from Koller WC, Montgomery EB: “Issues in the Early Diagnosis of Parkinson’s Disease.” Neurology 49
(suppl 1): S10–S25, 1997. Copyright 1997 Lippincott Williams & Wilkins.
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FIGURE 26–1. Algorithm outlining treatment strategies for Parkinson’s disease. COMT = catechol-O-methyltransferase.
Source. Reprinted with permission from Olanow CW, Koller WC: “An Algorithm (Decision Tree) for the Management of Par-
kinson’s Disease: Treatment Guidelines.” Neurology 50 (suppl 3):S1–S57, 1998. Copyright 1998 Lippincott Williams & Wilkins.



disability requiring symptomatic therapy and to slow dis-
ease progression (Parkinson Study Group 1989, 1993). A
report that selegiline plus levodopa treatment was associ-
ated with significantly higher mortality than was levodopa
treatment alone (Parkinson’s Disease Research Group in
the United Kingdom 1995) has eluded replication and
been criticized on methodological grounds (Olanow et al.
1996). Lazabemide, another selective and reversible
MAO-B inhibitor, may affect PD progression in a manner
similar to selegiline (Parkinson Study Group 1996).

Anticholinergic drugs and tremor. Anticholin-
ergics (e.g., benztropine and trihexyphenidyl) and

amantadine (which acts as an anticholinergic and stimu-
lates dopamine release) may be beneficial when tremor is a
major problem. Because of their adverse effects (especially
cognitive changes), they are best avoided in patients older
than 70 years.

Dopamine agonists. The action of these agonists
on various receptors is shown in Table 26–6. Bromo-
criptine and pergolide, both ergot derivatives, have tradi-
tionally been used in combination with levodopa once mo-
tor fluctuations emerge. They are started in small,
once-daily (bedtime) doses to minimize the occurrence of
orthostatic hypotension. The dosage may be gradually in-
creased until the desired therapeutic benefit is realized.
Dopamine agonists are also being evaluated as an initial
monotherapy for PD. Used in this fashion, they are less
likely than levodopa to lead to motor fluctuations and
dyskinesias, but such monotherapy conveys adequate ben-
efit for more than 3 years in only approximately 30% of pa-
tients (Poewe 1998).

Two relatively new, non-ergoline dopamine agonists
(pramipexole and ropinirole) are anticipated to have fewer
side effects than the ergot-derived dopamine agonists, but
there is limited clinical experience with these agents.
Ropinirole monotherapy was well tolerated and improved
motor function in early PD (Adler et al. 1997) and effec-
tiveness persisted at least 3 years in one study (Korczyn et
al. 1999). As an adjunct to levodopa, ropinirole permitted
reductions in levodopa dosage without loss of function
(Brooks et al. 1995). Pramipexole also improved motor func-
tion in early PD, and, when given with levodopa or other
antiparkinsonian medications in advanced PD, it reduced
motor fluctuations, yielded further motor improvements,
and permitted a decrease in levodopa dosage (Lieberman et
al.1997;ParkinsonStudyGroup1997;Pinteretal.1999). It is
hypothesized that early use of dopamine agonist may also ex-
ert a neuroprotective effect (Olanow 1997).

Catechol-O-methyltransferase inhibitors. B e-
cause peripheral degradation of levodopa by catechol-
O-methyltransferase (COMT) is linked to motor fluctua-
tions and dyskinesias, COMT inhibition is thought to be
one means of extending the therapeutic effect of levodopa.
Entacapone (a new, peripheral COMT inhibitor) and
tolcapone (a peripheral and central COMT inhibitor),
when used as an adjunct to levodopa, reduce motor fluctua-
tions and “off” time (Martínez-Martín and O’Brien 1998;
Rinne et al. 1998). Improvements in activities of daily liv-
ing, motor function, and quality of life were observed in a
randomized, double-blind, placebo-controlled study of
stable patients with PD, taking 100 mg or 200 mg
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FIGURE 26–2. Algorithm outlining types of supports for
patients and caregivers.
Source. Reprinted with permission from Olanow CW, Koller
WC: “An Algorithm (Decision Tree) for the Management of
Parkinson’s Disease: Treatment Guidelines.” Neurology 50
(suppl 3):S1–S57, 1998. Copyright 1998 Lippincott Williams
& Wilkins.



tolcapone three times per day, and these improvements
were maintained at 12-month follow-up (Waters et al.
1997). In patients with “wearing-off” phenomena, treat-
ment with 100 mg or 200 mg tolcapone three times daily
was associated with significant reductions in “off” time and
increases in “on” time (Baas et al. 1997; Rajput et al. 1997).
In both studies the development or worsening of
dyskinesias, often within the first 30 days of treatment, was
the most frequent complication (in up to 62% of patients).
Although peripheral COMT inhibitors are a promising
adjunct to levodopa therapy, the effects of both their early
and long-term use remain to be documented.

Stereotactic and
Functional Neurosurgery

Stereotactic surgery for PD (particularly thalamotomy)
reached its height in the 1950s and 1960s but declined rapidly
after the introduction of levodopa in 1968 (Wilkinson and
Tröster 1998). Acknowledgment of the limitations of
pharmacotherapy, together with advances in neuro-
physiology, radiology, and stereotaxy, led to a resurgence of
the surgical treatment of movement disorders (Goetz and
Diederich1996;Kolleret al. 1998b).Laitinenandcolleagues’
(1992) rediscovery of Leksell’s pallidotomy brought about a
renaissance in ablative surgery. Alternative treatments, such
as chronic deep brain stimulation and neural transplantation,
were also further developed and refined. Surgical interven-
tion may be considered in patients who no longer derive sig-
nificant benefit from levodopa and/or dopamine agonists or
who develop intolerable side effects from these medications.
Patients with dementia or major affective disorder are typi-
cally not considered surgical candidates.

Ablative surgery. Unilateral thalamotomy is effec-
tive for severe tremor, especially if there is an action com-
ponent. Burchiel (1995) estimated that significant changes

in memory and language functions may occur in up to 31%
of cases (in 60% of bilateral and in 31% of unilateral
thalamotomy cases). Outcomes in early and more recent
thalamotomy series are difficult to compare, but, in the
largest, most recently reported series, no significant
neurobehavioral morbidity was observed (Lund-Johansen
et al. 1996).

Modern unilateral pallidotomy has been reported to
alleviate all parkinsonian motor signs, predominantly on
the side contralateral to surgery, and dyskinesias bilaterally
(Kishore et al. 1997; Lang et al. 1997; Laitinen 1995).
Long-term effects of pallidotomy remain to be adequately
evaluated. In one study, contralateral parkinsonian signs
remained improved at 2-year follow-up, but improve-
ments in gait, balance, and ipsilateral dyskinesia were more
short lived (Lang et al. 1997). Another study reported that
overall motor function and dyskinesias remained improved
for up to 4 years (Fazzini et al. 1997). Significant improve-
ments in quality of life have been observed after
pallidotomy, at least in the short term (Baron et al. 1996;
Scott et al. 1998; Tröster et al. 1998b). Some patients expe-
rience typically mild and transient cognitive morbidity,
most often affecting verbal fluency, learning and memory,
and executive functions (Baron et al. 1996; Cahn et al.
1998; Scott et al. 1998; Trépanier et al. 1998; Uitti et al.
1997). Patients with mild or incipient dementia before sur-
gery appear at greater risk for more severe and permanent
cognitive declines (Alterman et al. 1997; Lang et al. 1997).
Depression (Lang et al. 1997; Sutton et al. 1995), psychosis
(Friedman et al. 1996; Johansson et al. 1997), euphoria
(Narabayashi et al. 1997), a “reduction in motivation”
(Samuel et al. 1998), and perseveration, impulsivity,
lability, unawareness of deficits, and poor social judgment
(Trépanier et al. 1998) have been observed after unilateral
pallidotomy, but the frequency, persistence, and etiology of
these disturbances remain to be established. Bilateral
pallidotomy has been associated with marked cognitive im-
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TABLE 26–6. Dopamine agonist receptor activity

Agonist D1 D2 D3 D4 D5 5-HT1/2 1/2

Bromocriptine − ++ ++ + + ++ ++
Cabergoline 0 +++ ? ? ? 0 0
Lisuride + ++ ? ? ? 0 0
Pergolide + +++ ++++ + + ++ ++
Pramipexole 0 ++ ++++ ++ ? 0 +
Ropinirole 0 ++ ++++ + 0 0 0

5-HT = 5-hydroxytryptamine; ? = not known; 0 = no effect; − = inhibitory effect; + = minimal effect; ++ = mild effect; +++ = moderate effect;
++++ = marked effect.
Source. Reprinted with permission from Olanow CW, Koller WC: “An Algorithm (Decision Tree) for the Management of Parkinson’s Disease:
Treatment Guidelines.” Neurology 50 (suppl 3):S1–S57, 1998. Copyright 1998 Lippincott Williams & Wilkins.



pairment (Gálvez-Jiménez et al. 1996), but Scott et al.
(1998) reported generalized cognitive impairment in only
one of eight cases.

Deep brain stimulation. Deep brain stimulation
(DBS) involves stereotactic placement of a typically
quadripolar electrode within the ventral intermediate nu-
cleus of the thalamus, the internal globus pallidus, or the
subthalamic nuclei. The electrode is connected subcutane-
ously to a programmable pulse generator, implanted in the
subclavicular region, via an extension lead. In cases of bilat-
eral DBS, two independently programmable stimulators
are implanted. At this time, only unilateral thalamic DBS is
an approved treatment in the United States.

Relative to ablative procedures, DBS has both advan-
tages and disadvantages (Pollak et al. 1998). Potential dis-
advantages include cost, need for replacement of the bat-
tery, need for additional visits to adjust the stimulator
settings, infection, discomfort, and device failure. Advan-
tages include the adaptability over time and reversibility of
DBS, and consequently the minimization of morbidity.
DBS is less likely than a permanent lesion to compromise
potential benefit from future medical therapies. Adaptabil-
ity of thalamic DBS may obviate the need for reoperation as
is occasionally necessary after unsatisfactory thalamotomy
(Tasker 1997).

DSS of the various targets differentially affects
parkinsonian signs and symptoms (Table 26–7). Thalamic
DBS has been shown effective in controlling tremor and
improving disability (Benabid et al. 1996; Koller et al.

1997; Tasker 1997). Pallidal DBS appears to alleviate
akinesia, rigidity, and dyskinesia, but the effect on tremor
and gait appears less reliable (Gross et al. 1997; Siegfried
and Wellis 1997). Subthalamic DBS reportedly alleviates
akinesia, rigidity, tremor, dyskinesias, and gait and balance
disturbances (Pollak et al. 1998).

Unilateral thalamic (Caparros-Lefebvre et al. 1992;
Tröster et al. 1997a) and pallidal DBS (Tröster et al. 1997b)
appear relatively safe from the standpoint of cognitive
morbidity, although decrements in verbal fluency are occa-
sionally observed (see Fields and Tröster, in press). It has
been anecdotally reported that subthalamic DBS entails no
neuropsychological morbidity except “for those with poor
presurgical neuropsychological performance” (Pollak et
al. 1998), although another study (Kumar et al. 1999) re-
ported mild memory and/or personality changes in some
patients after subthalamic DBS. Given concerns about
cognitive morbidity after bilateral ablative procedures, the
safety of bilateral pallidal DBS (Fields et al., in press; Ghika
et al. 1998) is noteworthy. The cognitive effects of stimula-
tion, rather than of the combined effects of electrode im-
plantation and stimulation, have been evaluated in only
one case (Tröster et al. 1998c). DBS in PD tends to be asso-
ciated with improvements in quality of life and mood state
(Straits-Tröster et al., in press; Vingerhoets et al. 1999).
Psychiatricmorbidityhasnotbeenformallystudied inDBS.

Transplantation. The intrastriatal implantation of
autologous adrenal medullary tissue, despite its early promise
(Goetz et al. 1989), has been virtually abandoned given the
lackof lastingbenefit andconsiderablemorbidityandmortal-
ity. Psychiatric morbidity was considerable in a multicenter
study (22% by 2-year follow-up) (Goetz et al. 1991), and
complications such as confusion, hallucinations, delusions,
depression, hypomania, and somnolence were reported in
several other studies (Stebbins and Tanner 1992), especially
after open as opposed to stereotactic procedures (Rehncrona
1997).Thefewstudies formallyevaluatingcognitionafterad-
renal tissue implantation did not find significant morbidity
(Goetz et al. 1990; Ostrosky-Solis et al. 1988).

More recently, intrastriatal grafting of fetal mesen-
cephalic tissue has been attempted. Although studies’ vari-
able outcomes are difficult to compare given methodologi-
cal differences (e.g., surgical approach, number and site of
grafts), a recent report indicated continued clinical benefit
in 7 of 10 patients 5 years after unilateral grafting
(López-Lozano et al. 1997). Graft viability, as indexed by
positron–emission tomography (PET)-imaged increases
in fluorine–18-labeled dopa uptake, appears a robust pre-
dictor of clinical benefit (Hagell et al. 1999; Rehncrona
1997).
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TABLE 26–7. Estimated effects of stimulating
subthalamic nucleus (STN), globus
pallidus internus (Gpi), and ventral
intermediate nucleus (Vim) on the
main symptoms of PD

STN Gpi Vim
Tremor +++ ++ +++
Akinesia +++ +(+) 0
Rigidity +++ ++ +
Dyskinesia 0/− (short-term)

++ (long-term)
+++ +(++VL)

Off-period
dystonia

+++ ++ 0/−

+ = mildly effective; ++ = moderately effective; +++ = greatly effective;
0/− = may be deleterious; VL = ventrolateral thalamus.
Source. Reprinted with permission from Pollak P, Benabid A-L,
Krack P, et al: “Deep Brain Stimulation,” in Parkinson’s Disease and
Movement Disorders, 3rd Edition. Edited by Jankovic J, Tolosa E. Bal-
timore, MD, Williams & Wilkins, 1998, pp. 1085–1101. Copyright
1998 Williams & Wilkins.



Neurobehavioral outcomes after fetal tissue grafting
are inadequately documented. Transient, perioperative
psychiatric disturbances such as depression, paranoia, and
hallucinations have been reported after open operations
(Madrazo et al. 1990; Molina et al. 1991), but not after
stereotactic procedures (Price et al. 1995). Sass et al. (1995)
reported improvements in verbal memory in three patients
12 and 24 months after grafting, but these improvements
were not maintained 36 months after surgery. Among five
patients evaluated neuropsychologically before and 12
months after unilateral grafting, one patient demonstrated
significant cognitive decline whereas two patients im-
proved (Leroy et al. 1996).

Several other treatment approaches—for example,
xenografts, intraventricular delivery of neurotrophic fac-
tors, and gene therapy—are currently under study (see
Lang and Lozano 1998).

Cognitive Impairment in Early
Parkinson’s Disease

Parkinson’s disease, even early in its course, is often accom-
panied by mild cognitive disturbances and affective disor-
ders such as depression. Although the prevalence of cogni-
tive impairment without dementia is difficult to ascertain
given the lack of specific criteria, a review of 20 studies of
treated and untreated patients with PD without dementia
estimated the prevalence at 19% (range 17%–53%)
(Lieberman 1998). Dementia is almost never evident in the
earliest disease stage. A dementia preceding or accompany-
ing the evolution of the motor signs of PD raises the suspi-
cion that the dementia is related to another condition, for
example, Alzheimer’s disease (AD) or depression.

When cognitive impairment is present in early PD, it
is typically mild and circumscribed, most often affecting
executive functions (e.g., planning, reasoning, abstraction,
conceptualization, cognitive flexibility), visuoperceptual
functions, and memory (Bondi and Tröster 1997). Brady-
phrenia, a slowing of thought and information processing
speed, is also observable early in the disease and has been
linked to noradrenergic changes (Mayeux et al. 1987).

Executive deficits have been ascribed to frontal lobe
dysfunction secondary to cortical-striatal-thalamic-
cortical circuit pathophysiology and are most apparent on
tasks requiring spontaneous, self-directed strategy formu-
lation and deployment (Taylor and Saint-Cyr 1995).

The existence of a pure, primary impairment of visuo-
perceptual processes remains controversial. Although
visuoperceptual impairments have been frequently ob-

served in early PD, even when tasks’ motor demands are
minimized (Huber et al. 1986; Taylor et al. 1986), it has
been argued that some instances of visuospatial impair-
ment may reflect deficient motor speed and dexterity, spa-
tial memory, and shift of mental set from one orientation to
another and/or executive dysfunction (e.g., Bondi et al.
1993; Brown and Marsden 1986).

The memory impairment of PD is characterized pre-
dominantly by retrieval deficits, as evident from patients’
disproportionately better performance on recognition
than recall tests (Beatty et al. 1989; Pillon et al. 1993). The
memory deficits in early PD have also been ascribed to
frontal lobe dysfunction (Taylor et al. 1986, 1990a, 1990b),
although it is unlikely that frontal lobe dysfunction is the
sole determinant of memory impairment (Tröster and
Fields 1995). Unlike the ability to learn new information,
remote memory content is typically spared in early PD
(Freedman et al. 1984; Leplow et al. 1997; Sagar et al. 1988;
but see Venneri et al. 1997).

Performance on simple attention tasks such as digit
span is often preserved. Impairments are readily observed
on more complex tasks involving working memory
(Gabrieli et al. 1996).

Language functions such as repetition, comprehen-
sion, and word knowledge are typically preserved
(Cummings et al. 1988; Lewis et al. 1998; Tröster et al.
1996a). Patients with early PD may demonstrate subtle re-
ductions in the syntactic complexity of spontaneous speech
(Illes 1989; Lieberman et al. 1990) and difficulty in com-
prehension of syntax (Grossman et al. 1992; Lieberman et
al. 1992). Visual confrontation naming, typically pre-
served, may be impaired (Globus et al. 1985; Levin et al.
1989). Some studies have observed mild impairments on
verbal fluency tasks requiring oral generation of words be-
longing to a given semantic category or beginning with a
given letter of the alphabet (Lewis et al. 1998; Troyer et al.
1998). These verbal fluency impairments probably reflect
difficulties with the initiation and maintenance of system-
atic word retrieval strategies and are attributed to
frontostriatal dysfunction. The presence of verbal fluency
impairments in the earliest stages of PD may be a strong
predictor of the subsequent development of dementia
(Jacobs et al. 1995; Mahieux et al. 1998).

Dementia in Parkinson’s Disease

Epidemiology

Reported prevalence rates range from 8% (Taylor et al.
1985) to 81% (Martin et al. 1973). Sampling and case defi-
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nition and ascertainment methods differ across studies. As
Cummings (1988a) pointed out, studies employing
nonstandardized clinical examinations report the lowest
prevalence rates of dementia, whereas studies employing
formal neuropsychological evaluation report the highest
rates. Commonly accepted prevalence estimates range
from 20% to 40% (Mohr et al. 1995). Incidence of demen-
tia in PD has rarely been reported. Mayeux et al. (1990) re-
ported an incidence of 69 per 1,000 person-years, whereas
Biggins et al. (1992) reported one of 48 per 1,000.

A genetic predisposition to the dementia of PD has
been proposed. The risk of dementia among the
first-degree relatives of patients with PD with dementia is
sixfold greater than that in relatives of patients with PD
without dementia (Marder et al. 1990). A familial associa-
tion between PD and AD has been reported; first-degree
relatives with AD had a threefold risk of PD, suggesting a
common genetic etiology (Hofman et al. 1989). However,
the risk factors most often associated with AD are not
found in patients with PD with dementia. For example, the
apolipoprotein E e4 allele is associated with an increased
risk of AD, but dementia in PD appears not to be related to
apolipoprotein E genotype (Koller et al. 1995; Marder et
al. 1994).

Putative risk factors for the development of dementia
in PD include increasing age (Stern et al. 1993a), older age
at disease onset (Glatt et al. 1996; Lieberman et al. 1979),
low socioeconomic status and education (Glatt et al. 1996;
Salganik and Korczyn 1990), greater severity of extra-
pyramidal signs (Marder et al. 1995) (although the specific
extrapyramidal signs associated with dementia remain to
be specified), susceptibility to psychosis or confusion in re-
sponse to levodopa (Stern et al. 1993a), and depression
(Marder et al. 1995; Stern et al. 1993a).

Diagnostic Criteria and Definitions of
Dementia in Parkinson’s Disease

Diagnostic criteria for dementia have been defined in the
DSMs. In DSM-IV, the most recent edition of this work,
dementia as a result of PD is classified under Dementia
Due to Other General Medical Conditions (Table 26–8).
These criteria remain subject to the concerns and criti-
cisms leveled against earlier versions of DSM. One crite-
rion for the diagnosis of dementia in PD is that the required
decline in occupational or social functioning is caused by
cognitive deficits. A modification of this criterion has been
recommended (Brown and Marsden 1984; McCarthy et al.
1985) because it is difficult to determine the extent to
which functional impairment in PD reflects motor disabil-
ity as opposed to cognitive decline. It has also been sug-

gested that because of performance expectations, espe-
cially in the workplace, dementia in men may be
recognized sooner than that in women homemakers
(Rajput et al. 1990).

DSM criteria for dementia require the presence of a
memory impairment. Because bradyphrenia and impair-
ments in executive and visuoperceptual functions may pre-
cede significant memory impairment, it is possible that a
patient without memory impairment, but functional im-
pairment comparable to that of a patient with dementia,
would not meet DSM criteria for dementia. Another unre-
solved issue is whether the required memory impairment
must be a primary memory impairment. As noted earlier,
subtle encoding and retrieval strategy deficiencies, attrib-
uted to frontal or executive dysfunction, are observed in
early PD. It is unclear whether such changes in memory
processes should be classified as memory or executive dys-
function when the diagnostic possibility of dementia arises.

Cummings and Benson (1992) proposed alternate cri-
teria for dementia. These criteria define dementia as an ac-
quired, persistent impairment in at least three of five do-
mains: 1) language, 2) memory, 3) complex cognition
(executive functions), 4) visuospatial functions, and 5) per-
sonality or emotion. Occupational and social functioning
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TABLE 26–8. DSM-IV criteria for dementia as a
result of Parkinson’s disease

A. The development of multiple cognitive deficits
manifested by both
1. Memory impairment (impaired ability to learn new

information or to recall previously learned
information)

2. One (or more) of the following cognitive
disturbances:
a. Aphasia (language disturbance)
b. Apraxia (impaired ability to carry out motor

activities despite intact motor function)
c. Agnosia (failure to recognize or identify objects

despite intact sensory function)
d. Disturbance in executive functioning (e.g.,

planning, organizing, sequencing, abstracting)
B. The cognitive deficits in criteria A1 and A2 both cause

significant impairment in social or occupational
functioning and represent a significant decline from a
previous level of functioning.

C. There is evidence from the history, physical examination,
or laboratory findings that the disturbance is the direct
physiological consequence of Parkinson’s disease.

D. The deficits do not occur exclusively during the course
of a delirium.



need not be affected. These criteria are more liberal than
those in DSM, and it is possible that a patient with rela-
tively mild cognitive impairments would meet the
Cummings and Benson but not the DSM criteria for de-
mentia (McPherson and Cummings 1996). The possibly
differential validity of DSM and Cummings and Benson
criteria remains to be addressed.

Neuropathology

PD is characterized by the loss of pigmented neurons from
the pars compacta of the substantia nigra, reactive gliosis at
sites of cell loss, and the appearance of Lewy bodies in the
substantia nigra, locus ceruleus, ventral tegmental area,
nucleus basalis of Meynert, thalamus, dorsal raphe nuclei,
cerebral cortex, and autonomic nervous system. The
mechanism of Lewy body formation is unknown but is
thought to be related to a disruption of neurofilament me-
tabolism, perhaps in reaction to cell stress (Esiri and
McShane 1997).

Neuronal loss in the substantia nigra pars compacta is
associated with decreased levels of dopamine and its me-
tabolites in the substantia nigra, caudate, putamen, globus
pallidus, and nucleus accumbens. This neuronal loss, to-
gether with that in the ventral tegmental area, is also associ-
ated with reductions in dopamine in mesocortical projec-
tion sites such as entorhinal, hippocampal, cingulate, and
frontal cortices. Ventral tegmental neuronal degeneration
is associated with reduction of dopamine in mesolimbic
projection areas (e.g., nucleus accumbens, hypothalamus,
amygdaloid nucleus). Reductions in norepinephrine and
serotonin concentrations are linked to neuronal loss in the
locus ceruleus and dorsal raphe nuclei, respectively.

It is likely that there are several dementia syndromes in
PD (Cummings 1988b). From a neurochemical perspec-
tive, dementia may be related to either dopaminergic or
combined dopaminergic and cholinergic deficits (Mc-
Pherson and Cummings, 1996). Alternatively, dementia
might occur when damage of both the basal ganglia and
several mutually interactive ascending neuronal pathways
(including serotonergic, cholinergic, dopaminergic, and
noradrenergic) reaches the threshold for expression of se-
vere cognitive impairment (Dubois and Pillon 1998).

The most common cause of dementia in PD appears to
be coexistent AD (Esiri and McShane 1997). Up to 35% of
patients with PD with dementia have been found at autopsy
to have the neuropathological hallmarks (neuritic plaques,
neurofibrillary tangles, and granulovacuolar degenera-
tion) of AD (Boller et al. 1980; Gaspar and Gray 1984;
Hughes et al. 1993). However, AD does not account for all,
or even the majority of, cases of dementia in PD. Some in-

vestigators (e.g., Ball 1984; Perry et al. 1983) have reported
only an infrequent association between PD and AD, and
dementia has been present in patients without cortical pa-
thology (Xuereb et al. 1990). The observations that frontal
cognitive deficits (Dubois et al. 1990) and severity of de-
mentia (Nakano and Hirano 1984; Perry et al. 1985) are re-
lated to cholinergic abnormalities and that neuronal loss in
the nucleus basalis of patients with PD with dementia is
usually more severe than in those without dementia
(Whitehouse et al. 1983) are mitigated by the observation
that dementia in PD may occur in the absence of both Alz-
heimer-type changes and atrophy of the nucleus basalis
(Helig et al. 1985). The role of AD in the dementia of PD is
further clouded by the description of another neuro-
pathological entity, namely dementia with Lewy bodies,
and the recent observation that severity of dementia in pa-
tients with PD without AD changes was related to density
of Lewy neurites in the hippocampal CA2 cell field
(Churchyard and Lees 1997).

Dementia With Lewy Bodies

Kosaka et al. (1980) introduced the notion of a spectrum of
Lewy body diseases, and they described a new clinico-
pathological entity characterized by Lewy bodies present
not only in brainstem neurons but distributed throughout
the cerebral cortex. The spectrum of Lewy body diseases
includes several variants (Lennox and Lowe 1997): a corti-
cal Lewy body variant characterized by cortical and
brainstem Lewy bodies in the absence of plaques or tangles
(most closely resembling what has been termed “pure”
Lewy body disease); variants of cortical Lewy body disease
with plaques and tangles (resembling cortical Lewy body
disease with AD) or with only plaques; and a brainstem
Lewy body disease variant (in which very few cortical Lewy
bodies are seen), corresponding closely with the clinical
correlate of PD. Lennox and Lowe (1997) define “Alzhei-
mer’s disease and Parkinson’s disease” as an entity meeting
pathological criteria for AD with the additional feature of
brainstem but not cortical Lewy bodies. It remains debated
whether dementia with Lewy bodies (DLB) is a distinct dis-
ease entity, a form of AD, or a form of PD. Proposed clini-
cal criteria and neuropathological features of DLB (Table
26–9) will likely facilitate research to clarify this issue.

The clinical picture of DLB is heterogeneous. Kosaka
(1990) noted that a dementia, often with cortical features
(e.g., aphasia, apraxia), was the presenting syndrome in
more than half the cases. Other cases may present initially
with psychiatric disorders or extrapyramidal signs. Psy-
chosis is estimated to occur in 60% of cases (Morris et al.
1998). Hallucinations (visual more often than auditory)
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have been estimated to occur in 20%–80% of cases (Morris
et al. 1998), and more often in DLB than AD, but as fre-
quently as in PD (Klatka et al. 1996). The estimated preva-
lence of delusions (often persecutory in nature) in DLB
ranges between 20% and 80%. Delusions in DLB were
found in one study to be as common as those found in AD,
but more common than those found in PD (Klatka et al.
1996). Morris et al. (1998) recommended that nonpharma-
cological approaches to treating psychosis be used first,
given the potential increased morbidity and mortality asso-
ciated with use of conventional antipsychotics in DLB.
When pharmacological intervention is necessary, the
newer atypical antipsychotics (e.g., clozapine or
risperidone) were recommended, although these are pre-
scribed in lower than typical doses. Affective disturbances
are common in DLB, and prevalence of depression has
been estimated to be about 40% (Klatka et al. 1996; Weiner
et al. 1996).

The dementia of DLB is characterized by pronounced
impairments in attention, visuospatial and visuo-
constructive functions, psychomotor speed, and memory
retrieval (Salmon and Galasko 1996). When compared
with AD, DLB involves more marked impairments in
visuospatial, visuoconstructive, and attentional functions,
and in lexical verbal fluency (Hansen et al. 1990; Salmon et
al. 1996). When DLB is characterized by additional AD pa-
thology, the dementia resembles a superimposition of the
cognitive deficits of AD and PD (Salmon and Galasko
1996), although the memory deficit may be more pro-
nounced in AD than DLB with AD pathology (Connor et
al. 1998).

Clinical Features of
Dementia in Parkinson’s Disease:
Cortical Versus Subcortical

Dementia is an acquired clinical syndrome, not a single en-
tity or outcome. It may result from a number of etiologies
and present in various forms depending on underlying
neuropathology and which cognitive functions are most af-
fected. Neuropsychological deficits have not been found to
develop in a uniform manner during the progression of PD
(Huber et al. 1989c).

Dementia syndromes have been subdivided on the ba-
sis of neurobehavioral deficits into two categories: cortical
and subcortical (Cummings 1986). The prototypical corti-
cal dementia is AD. Examples of subcortical dementia oc-
cur in PD, Huntington’s disease, and progressive
supranuclear palsy. Criticized because cortical and
subcortical pathology eventually becomes evident in all
dementias and because the features of dementias within a
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TABLE 26–9. Consensus criteria for the clinical
diagnosis of probable and possible
dementia with Lewy bodies (DLB)
and pathological features associated
with disease of DLB

Diagnostic criteria
1. The central feature required for a diagnosis of DLB is

progressive cognitive decline of sufficient magnitude to
interfere with normal social or occupational function.
Prominent or persistent memory impairment may not
necessarily occur in the early stages, but is usually evident
with progression. Deficits on tests of attention and of
frontosubcortical skills and visuospatial ability may be
especially prominent.

2. Two of the following core features are essential for a
diagnosis of probable DLB, and one is essential for
possible DLB:
a. Fluctuating cognition with pronounced variations in

attention and alertness
b. Recurrent visual hallucinations that are typically well

formed and detailed
c. Spontaneous motor features of parkinsonism

3. Features supportive of the diagnosis are
a. Repeated falls
b. Syncope
c. Transient loss of consciousness
d. Neuroleptic sensitivity
e. Systematized delusions
f. Hallucinations in nonvisual modalities

4. A diagnosis of DLB is less likely in the presence of
a. Stroke disease, evident as focal neurological signs or

on brain imaging
b. Evidence on physical examination and investigation

of any physical illness or other brain disorder
sufficient to account for the clinical picture

Pathological features
Essential for diagnosis of DLB
Lewy bodies
Associated but not essential

a. Lewy-related neurites
b. Plaques (all morphological types)
c. Neurofibrillary tangles
d. Regional neuronal loss, especially brainstem

(substantia nigra and locus ceruleus) and nucleus
basalis of Meynert

e. Microvacuolation (spongiform change) and synapse
loss

f. Neurochemical abnormalities and neurotransmitter
deficits

Source. Adapted from McKeith et al. 1996.



given class vary, the cortical-subcortical classification
nonetheless serves as a useful clinical shorthand for de-
scribing cognitive and behavioral deficits early in the
course of dementias. A comparison of the features of corti-
cal and subcortical dementias is presented in Table 26–10.
Such differences in the features between cortical and
subcortical dementias are observable even on cognitive
screening examinations such as the Dementia Rating Scale
(Paolo et al. 1995).

Attention. Performance on digit span is generally
preserved in patients with PD with dementia (Huber et al.
1986, 1989b; Pillon et al. 1986). Performance on tasks re-
quiring the self-allocation of attentional resources is im-
paired (Brown and Marsden 1988; Wright et al. 1990), and,
as the disease progresses, patients may have difficulty per-
forming tasks even when external cues are provided
(Yamada et al. 1990).

Memory. The memory deficits of PD, although vari-
able in quality (Filoteo et al. 1997), are not as pervasive as
those in AD. The diminished ability to learn and remember
new information is characterized by predominantly a re-
trieval deficit, as evident from relatively preserved recogni-

tion, as opposed to free recall, and the ability to benefit
from cuing. There may also be an increased reliance on se-
rial encoding (remembering words in the order presented)
and diminished semantic encoding (remembering words in
clusters according to the semantic category to which they
belong) (Buytenhuijs et al. 1994).

Spared early in the disease, remote memory becomes
affected in PD with dementia (Freedman et al. 1984;
Huber et al. 1986). However, the impairment is milder in
PD than in AD. Furthermore, unlike in AD, in which the
retrograde amnesia is characterized by a temporal gradient
with relative preservation of memories of more distant
than recent events, the remote memory impairment in PD
with dementia is equally severe across previous decades of
life.

Nondeclarative memory refers to “knowing how” and
a form of remembering that can be expressed only through
the performance of task operations. Performance on
nondeclarative memory tasks appears task dependent.
Early in PD, patients show intact priming (facilitation in
processing a previously presented stimulus). Impairments
in the learning of new motor, perceptual, and cognitive
skills may or may not be evident (Ferraro et al. 1993;
Heindel et al. 1989; Huberman et al. 1994; Knowlton et al.
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TABLE 26–10. Comparison of cortical and subcortical types of dementia

Feature Cortical dementia Subcortical dementia
Language Aphasia Relatively preserved
Memory functions

Recall
Recognition cues
Encoding
Priming
Procedural

Impaired
Ineffective
Ineffective
Absent
Intact

Impaired
Effective
Effective or mildly impaired
Present
Impaired

Visuoperception Severe impairment Mild impairment
Calculation Acalculia Relatively preserved
Executive/frontal systems function Proportionate to overall intellectual

impairment
Affected greater than overall

impairment
Speed of information processing Normal Slowed
Personality and mood No insight; unconcerned; depression

infrequent
Insight; apathetic; depression frequent

Motor functions
Speech
Motor speed
Posture
Gait
Coordination
Adventitious movements

Normal articulation until late
Normal until late
Normal until late
Normal until late
Normal until late
Absent except for myoclonus late in

course

Dysarthria early
Slowed
Stooped, rigid
Abnormal
Abnormal
Chorea, tremor, dystonia, and tics

Source. Adapted from Ross et al. 1992.



1996). In contrast, patients with dementia typically per-
form poorly on nondeclarative memory tasks (Heindel et
al. 1989).

Language. AD involves early difficulties with word
finding as evident from poor performance on tests of lexical
and semantic verbal fluency and visual confrontation nam-
ing. Spontaneous speech is characterized by circumlocu-
tions and occasional paraphasias. The language impair-
ments in AD progress to resemble a transcortical sensory
aphasia (dysnomia, paraphasias, impaired written and au-
ditory comprehension, and aphasic dysgraphia). Speech
remains fluent, with relatively intact repetition and ability
to read aloud (Cummings and Benson 1983).

Speech in PD is marked by hypophonia and dysarthria,
with rare paraphasic errors. Mild impairments of word
generation and retrieval early in PD are believed to be con-
sistent with frontal lobe dysfunction (Matison et al. 1982).
In PD with dementia, performance on lexical and semantic
verbal fluency tasks is as poor as in AD (Tröster et al.
1998a), or even worse (Stern et al. 1993b). The visual con-
frontation naming impairment is less pronounced than
that in AD (Tröster et al. 1996b, 1998a). Comprehension
and writing (limited by motor impairments) are relatively
preserved in PD.

Visuospatial functions. Impaired visuospatial and
visuoconstructive abilities are characteristic of AD. Similar
deficits have been found consistently in patients with PD
with dementia relative to patients with PD without demen-
tia and psychiatrically healthy control subjects, even when
tasks minimize or eliminate motor demands (Globus et al.
1985; Huber et al. 1989b; Pillon et al. 1986). The results of
studies comparing the abilities of groups with PD and AD
are not conclusive. Huber et al. (1986) found that patients
with AD outperformed patients with PD with dementia on
Raven’s Progressive Matrices (a test of spatial reasoning)
(Raven 1958). In contrast, patients with PD performed
better at Block Design than did the group with AD, sug-
gesting more severe involvement of frontal systems in PD
and more severe posterior hemispheric changes in AD.
Visuospatial impairments do not improve with dopamine
replacement and do not vary during “on” and “off“ periods.
If the dopamine deficit plays a role in these abnormalities, it
must be in conjunction with other neurochemical or
pathological processes (Pillon and Dubois 1989).

Executive functions. Executive functions depend
critically on the integrity of the frontal lobes and their
thalamostriatal connections, especially the dorsolateral
circuit (Mega and Cummings 1994). Frontal lobe dysfunc-

tion in PD most likely results from the deficit of dopamine
within the basal ganglia (Taylor et al. 1990b), although
cholinergic dysfunction secondary to neuronal loss in the
septal and basal nuclei has also been implicated (Dubois et
al. 1990).

Executive deficits are especially notable on tasks re-
quiring the self-initiated or internally guided planning and
execution of information processing strategies. Poor per-
formance of tasks that require coordination of mental and
motor functions (e.g., resulting in frequent falling or poor
operation of an automobile) has also been attributed to the
disturbance of frontal-subcortical pathways. The loss of
these abilities may be conditioned by visuospatial deficits
leading to the defective planning and execution of strate-
gies to accomplish a task (e.g., turning a corner while walk-
ing or driving) (Marsden 1982). This gives rise to the hy-
pothesis that the basal ganglia serve as a subcognitive,
internal navigational system that places limits on the op-
tions available to efficiently solve a problem (Robertson
and Flowers 1990; Taylor et al. 1990b).

Affect. Disorders of mood are more extensively dis-
cussed below. In contrast to AD, depression is much more
frequently seen in PD dementia. It is considered an impor-
tant feature that distinguishes subcortical from cortical
syndromes.

Neuroimaging

Structural neuroimaging. Brain-imaging studies
often accompany the workup of the patient manifesting a
dementia syndrome. These studies are most useful in elim-
inating the possibility of dementia secondary to a structural
brain abnormality, such as a space-occupying lesion (tumor
or vascular malformation) or hydrocephalus. The contri-
bution of these studies to the evaluation of dementia sec-
ondary to other types of brain disease is less clear.

Cerebral atrophy is the most frequent finding of
brain-imaging studies in neurodegenerative disorders.
Computed tomography (CT) studies attempting to relate
nonspecific measures of atrophy (e.g., ventricular enlarge-
ment or size of the sulci) with the severity of dementia, de-
termined by less than rigorous neuropsychological criteria,
have yielded conflicting results (deLeon and Ferris 1980;
Wilson et al. 1982). Even when it was demonstrated that
greater atrophy was present in patients with dementia, sig-
nificant overlap was shown with the control groups.

Subsequent studies relating specific neuropsycho-
logical test results to measures of structural brain changes
(from CT) (Inzelberg et al. 1987; Lichter et al. 1988) also
failed to demonstrate strong relationships between mea-
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sures of cortical atrophy and dementia. However, findings
suggesting subcortical atrophy (e.g., increase in inter-
caudate distance or ventricular enlargement) or frontal at-
rophy (e.g., increased width of the anterior interhemis-
pheric fissure) were associated with the presence of
cognitive dysfunction (Inzelberg et al. 1987; Starkstein and
Leiguarda 1993).

Magnetic resonance imaging (MRI) provides more
precise visualization of brain abnormalities including cere-
bral cortical loss, ventricular enlargement, and changes in
the periventricular white matter. Despite this enhanced
sensitivity, the correlation of MRI abnormalities and de-
mentia in patients with PD parallels that of the CT studies
(Huber et al. 1989a). Cerebral cortical atrophy correlates
poorly with dementia. Findings consistent with subcortical
atrophy (e.g., ventricular enlargement and increase in
intercaudate width) were associated with cognitive impair-
ment (Inzelberg et al. 1987; Korczyn et al. 1986; Lichter et
al. 1988). Laakso et al. (1996) observed hippocampal atro-
phy in patients with PD both with and without dementia,
and this atrophy might relate to memory impairment.

Functional neuroimaging. Functional neuro-
imaging studies in PD have utilized both single photon
emission computed tomography (SPECT) and PET.
SPECT studies of resting cerebral blood flow in PD with
dementia have revealed frontotemporoparietal decreases
(Sawada et al. 1992). Estimates of oxygen and glucose me-
tabolism via the utilization of oxygen-15 (15O2) or
18F-2-fluoro-2-deoxyglucose (18FDG) are measurable by
PET. Cerebral metabolism in patients with PD (without
dementia) is decreased globally (especially in the frontal
lobes) (Brooks and Frackowiak 1989) and related to
psychometric test performance (Kuhl et al. 1984; Peppard
et al. 1988). These findings would be consistent with the
current concept that cognitive deficits in early PD are most
likely symptomatic of frontal lobe dysfunction. However,
18FDG PET studies in PD with dementia have generally
revealed changes closely paralleling those in AD, that is,
decreased glucose utilization in the posterior parietal and
temporal areas (Otsuka et al. 1991; Wolfson et al. 1985). It
is thus unclear whether metabolic changes in PD dementia
reflect AD, DLB, or some other degenerative process
(Brooks 1997).

In addition to providing measures of blood flow and
metabolism during the resting state, PET has been used to
demonstrate changes in cerebral blood flow and metabo-
lism in response to activation with motor and cognitive
tasks. Owen et al. (1998) recently demonstrated the impor-
tance of neostriatal outflow to frontal cortex in working
memory and planning tasks, observing diminished internal

globus pallidus activation in PD during performance of
these cognitive tasks. Motor activation studies have shown
reduced lentiform nucleus (putamen and globus pallidus),
anterior cingulate, supplementary motor area, and dorso-
lateral prefrontal cortex activation in PD when the patient
is operating a joystick or extending the index finger (Brooks
1997). Activation studies in PD with dementia have not
been carried out, but cognitive activation PET provides
one avenue for exploring cerebral correlates of specific
cognitive impairments.

PET also provides images that measure the binding of
positron-emitting radiopharmaceuticals to specific
neurochemical receptors. Numerous tracers are now avail-
able to study dopamine transport, storage, uptake, and
binding. Initial studies suggest that such functional imag-
ing is useful in detecting disease early, tracking PD pro-
gression, and evaluating graft survival (Brooks 1997).
Studies have yet to take advantage of these techniques to
demonstrate the role of dopaminergic abnormalities in
neurobehavioral changes in PD.

Treatment of Dementia

The drugs piracetam and phosphatidylserine (both
nootropics) have been the subjects of controlled clinical
trials in the treatment of dementia in PD. Neither resulted
in improvement of cognition (Fünfgeld et al. 1989; Sano et
al. 1990). Selegiline appears to have no effect on cognition
in early PD (Kieburtz et al. 1994). Other studies of the ef-
fects of selegiline on cognition are difficult to interpret,
given the small numbers of patients studied and study dif-
ferences in patient characteristics and assessment. One
study reported that a dose of 5 mg selegiline twice per day
was associated with modest improvements on the
Mini-Mental State Exam (Folstein et al. 1975) in PD with
dementia (Tarczy and Szirmai 1995). Cholinomimetics
such as tacrine, which may be beneficial in AD, have not
been used in controlled clinical trials, perhaps because they
might exacerbate parkinsonism (Ott and Lannon 1992).
Lieberman (1998) indicated that trials of donepezil (5 to 10
mg/day) or exelon (6–12 mg/day) may be useful in some pa-
tients but that such treatment can be accompanied by agita-
tion and worsening of tremor.

Disease-Related
Psychiatric Conditions

The psychiatric manifestations of PD may be as, or more,
disabling than the motor dysfunction and may occur as a
result of the disease itself or as a complication of
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pharmacotherapy for the motor symptoms of the disease.
The specific disease-related syndromes are discussed be-
low. Treatment-related syndromes are discussed in a sub-
sequent section.

Depression

General considerations. Parkinson’s original de-
scription characterized his patients as manifesting melan-
choly and appearing dejected. Subsequent studies found a
wide ranging prevalence of depression (7%–90%) in PD,
with the most commonly accepted prevalence being about
40% (Cummings 1992). Approximately 50% of patients
become depressed at some time during the disease
(Dooneief et al. 1992; Mayeux 1982), and depression is
present in up to one-third of patients at the time of their di-
agnosis (Santamaria et al. 1986). Recent studies (Hantz et
al. 1994; Tandberg et al. 1996) suggest that minor depres-
sion, or dysthymia, might be more common than major de-
pression in PD, but other studies indicate that approxi-
mately half the patients have a dysthymia and the other half
have a major depression (Davous et al. 1995; Starkstein et
al. 1990).

Both dysthymia and major depression deemed to be a
feature of PD itself are defined in DSM-IV under the crite-
ria for mood disorders due to a general medical condition
(Table 26–11). These criteria make it clear that a mood dis-
order due to PD must be differentiated from an adjustment
reaction. Although some patients develop depression in re-
action to having PD and limitations in activities of daily liv-
ing (e.g., Gotham et al. 1986), the diagnosis of an adjust-
ment reaction in PD is rare. Numerous findings can be
cited to support both a “reactive” and an “endogenous” ba-
sis for the depression in PD, but, as Brown and Jahanshahi
(1995) pointed out, the debate about reactive versus endog-
enous depression in PD has become a sterile issue. They
view the distinction as overly simplistic, and one that needs
to be replaced by an interactionistic perspective.

Depression and cognitive impairment. Depres-
sionin patients without PD is associated with cognitive def-
icits, particularly in the encoding and retrieval of informa-
tion from memory (Zakzanis et al. 1998). Not surprisingly,
depression also affects cognition and memory in PD.
Given that depression is a risk factor for dementia in PD
(Stern et al. 1993a), that depression exacerbates cognitive
impairment in PD (Kuzis et al. 1997; Tröster et al. 1995a,
1995b) when the depression is sufficiently severe (Boller et
al. 1998), and that depression is associated with more rapid
declines over time in cognition and ability to successfully
perform activities of daily living (Starkstein et al. 1992), it is

important to determine whether a dementia in PD is re-
lated to depression. Prompt treatment of depression is es-
sential to enhance the patient’s quality of life (Valldeoriola
et al. 1997): treatment of depression may retard the rate of
cognitive decline (Starkstein et al. 1992) and ameliorate de-
pression-related functional decline (Cole et al. 1996). Un-
fortunately, no studies have examined the extent to which
cognition and function improve with treatment of depres-
sion and whether such gains would be observed in patients
with a depressive dementia or a depression overlaid on an-
other dementia.

Pathophysiology. Serotonergic pathophysiology
has been more consistently linked to depression in PD than
have dopaminergic and noradrenergic abnormalities. Sev-
eral findings implicate serotonergic abnormalities in de-
pression in PD. Studies of the cerebrospinal fluid of pa-
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TABLE 26–11. DSM-IV diagnostic criteria for
mood disorder as a result of
Parkinson’s disease

A. A prominent and persistent disturbance in mood
predominates in the clinical picture and is characterized
by either (or both) of the following:
1. Depressed mood or markedly diminished interest or

pleasure in all, or almost all, activities
2. Elevated, expansive, or irritable mood

B. Evidence from the history, physical examination, or
laboratory findings suggests that the disturbance is the
direct physiological consequence of Parkinson’s disease.

C. The disturbance is not better accounted for by another
mental disorder (e.g., adjustment disorder with depressed
mood in response to the stress of having Parkinson’s
disease).

D. The disturbance does not occur exclusively during the
course of a delirium.

E. The symptoms cause clinically significant distress or
impairment in social, occupational, or other important
areas of functioning.

Specify types:
With depressive features: if the predominant mood is

depressed, but the full criteria are not met for a major
depressive episode

With major depressive-like episode: if the full criteria are
met (except for criterion D) for a major depressive episode

With manic features: if the predominant mood is elevated,
euphoric, or irritable

With mixed features: if the symptoms of both mania and
depression are present but neither predominates



tients with PD with depression have shown decreased
concentrations of the serotonin metabolite 5-hydroxy-
indoleacetic acid (5-HIAA) (Kostic et al. 1987; Mayeux et
al. 1984). Furthermore, depression improves following ad-
ministration of 5-hydroxytryptophan (5-HTP), the
precursor of serotonin, and concomitant increases in
cerebrospinal fluid 5-HIAA (Mayeux et al. 1988;
McCance-Katz et al. 1992). The brain content of serotonin
at autopsy in patients with PD is reduced, and the raphe
nuclei have a reduced ability to decarboxylate amino acids
in PD.

A dopaminergic role in depression in PD is suggested
by the finding of pronounced dopaminergic cell loss in the
ventral tegmentum of patients with PD who are depressed
(Torack and Morris 1988). Dose-related elevations in
mood and reductions in anxiety were found in a pla-
cebo-controlled study of acute levodopa infusion in pa-
tients with motor fluctuations (Maricle et al. 1995), and this
response is less pronounced in early PD (Maricle et al.
1998), presumably when dopaminergic depletion is not as
pronounced as that in patients with motor fluctuations.
The observation that chronic treatment with dopa-
minergic agents does not alleviate depression (but see
Miyoshi et al. 1996) does not entirely discount a
dopaminergic role in depression. Dopaminergic drugs
may have a greater impact on the nigrostriatal than the
mesolimbic system, which is more likely to be involved in
depression. Indeed, in response to methylphenidate infu-
sion, thought to activate the mesolimbic system, patients
with PD who are depressed showed a much lesser euphoric
response than patients with PD who are not depressed
(Cantello et al. 1989). Evidence linking noradrenergic
changes to depression in PD is generally based on the re-
sponse of depression to tricyclics (Fields et al. 1998).

Functional neuroimaging studies have highlighted the
involvement of frontosubcortical systems, and especially
the paralimbic pathways linking frontal and temporal cor-
tices and striatum, in depression in PD. Depression in PD
has been associated with hypometabolism in the inferior
orbital and anterior temporal cortex (Mayberg et al. 1990)
and in the medial frontal and anterior cingulate cortex
(Ring et al. 1994). Medial prefrontal blood flow abnormali-
ties are also seen in patients without PD who are depressed,
and they are more strongly related to cognitive dysfunction
than to mood (Bench et al. 1993; Dolan et al. 1994).
Dorsolateral and medial prefrontal regional cerebral blood
flow (rCBF) normalization occurs with remission of de-
pression (Bench et al. 1995), but it is unknown if cognitive
dysfunction improves and if similar changes would be seen
in patients with PD with depression. It is of interest that
frontal dysfunction indexed by cognitive screening and

psychophysiological methods may be a harbinger of poor
or delayed response to antidepressant treatment in the el-
derly (Kalayam and Alexopoulos 1999). Whether frontal
dysfunction in PD might be related to treatment response
remains to be investigated.

Clinical features. Among patients with PD and de-
pression, approximately half have a major affective disor-
der and the other half have a dysthymia. Major depression
and dysthymia differ in that the former is characterized by
periods of depression separated by intervals with normal
affect; the latter is a chronic condition with more mild
mood changes. The depression is usually mild to moderate;
very infrequently is it severe. Several features of depression
in PD distinguish it from idiopathic depression (Meyerson
et al. 1997): comorbid anxiety and panic, a relative lack of
self-reproach and guilt, and a low suicide rate.

Clinical features of PD have been only inconsistently
related to depression. Tentative evidence suggests that pa-
tients with an early disease onset age, with rapid disease
progression, and in the early and advanced stages of the dis-
ease are more likely to be depressed (Brown and Jahanshahi
1995). There does not appear to be a linear or parallel rela-
tionship between depression and disease severity or be-
tween depression and disability. Cummings (1992) pro-
posed that membership in patient groups with or without
depression remains relatively stable over time, suggesting
the possibility that there are two distinct disease types.

Treatment: pharmacotherapy. Before discuss-
ing specific drug therapy for depression in PD, we consider
the effects of antiparkinsonian medication on mood.
Levodopa therapy has been found to transiently improve
mood, but this effect is rarely sustained (Shaw et al. 1980),
and levodopa is not effective as an antidepressant
(Mindham et al. 1976; Taylor and Saint-Cyr 1990). In addi-
tion, because of its effects on serotonin metabolism, levo-
dopa may predispose to depression (Anderson and Aabro
1980). Pergolide does not ameliorate depression (Factor et
al. 1995). Several other antiparkinsonian agents do, how-
ever, appear to improve mood in some cases. Bromo-
criptine (Jouvent et al. 1983; Sitland-Marken et al. 1990),
anticholinergic drugs (e.g., trihexyphenidyl) (Kaspar et al.
1981), amantadine (Bavazzano and Guarducci 1980), and
selegiline (Allain et al. 1993; Baronti et al. 1992; Eisler et al.
1981; Parkinson Study Group 1989) had beneficial effects
on mood in some studies. It remains unknown if these
agents are also useful in treating major depression.
Should levodopa exacerbate the symptoms of depres-
sion, either lowering the dosage or combining it with one
of the above agents may be effective in treating motor
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and depressive symptoms (Silver and Yudofsky 1992). The
effects on mood of the newer dopamine agonists and
COMT inhibitors remain to be documented.

Tom and Cummings (1998) provided an algorithm
(Figure 26–3) for the treatment of depression in PD. A list-
ing of some commonly used antidepressants and their neu-
rotransmitter actions appears in Table 26–12. Few meth-
odologically rigorous, controlled clinical trials of
antidepressants in PD (Klaasen et al. 1995) have been per-
formed. Among the 12 trials these authors defined as meth-
odologically adequate, positive outcomes were reported
for selegiline (10 mg/day), nortriptyline (100 mg/day),
desipramine (100 mg/day), imipramine (30–75 mg in pa-
tients older than 55 years; 50–100 mg in patients younger
than 55), and bupropion (maximum 450 mg).

The side-effect profiles of some commonly used anti-
depressants are detailed in Table 26–13. Because of the side
effects, these medications require caution in their adminis-
tration. Patients with PD are particularly sensitive to cer-
tain of these effects. Many experience orthostatic hypo-
tension that may be exacerbated by drugs, resulting in
syncope with injury (e.g., fractures and lacerations). Nor-
triptyline is less likely to cause postural hypotension than is
imipramine (Roose and Glassman 1981). The anti-
cholinergic effects of some agents may cause confusion and
worsen preexisting cognitive problems. Among the
heterocyclic antidepressants, desipramine and nortrip-
tyline are less likely than amitriptyline to cause these ef-
fects. Trazodone and selective serotonin reuptake inhibi-
tors (e.g., fluoxetine and sertraline) have no significant
anticholinergic effects.

Several antidepressant agents, via different actions, are
known to cause parkinsonian symptoms. These agents in-
clude amoxapine (which is metabolized to loxapine)
(Thornton and Stahl 1984), fluoxetine (Bouchard et al.
1989), and phenelzine (Gillman and Sandy 1986;
Waldmeier and Delini-Stula 1979). Fluoxetine has a
known dopamine-antagonistic activity (Brod 1989). Steur
(1993) reported a transient increase in parkinsonian signs
and symptoms in four patients with PD taking fluoxetine
(20 mg/day). On the other hand, Caley and Friedman
(1982) reported no exacerbation of parkinsonian symp-
toms in 20 patients with PD with depression receiving up
to 40 mg/day of fluoxetine. An additional three patients ex-
perienced mild worsening of symptoms. This antidepres-
sant should be administered with caution to patients with
PD. Bupropion is mildly dopaminergic and may induce
dyskinesias or hallucinations.

Drugs that may offer specific advantages include
selegiline, which, when given at dosages selective for
MAO-B receptor activity, may improve mood (Parkinson

Study Group 1989). Caution has been advised in using
selegiline together with tricyclic antidepressants or selec-
tive serotonin reuptake inhibitors. Such combinations may
give rise to “serotonin syndrome,” the symptoms of which
overlap with those of malignant neuroleptic syndrome
and include tremor, agitation, restlessness, reduced con-
sciousness, and hyperpyrexia. Nonetheless, Richard et
al. (1997), based on a survey of investigators, concluded
that adverse reactions to combinations of selegiline and
antidepressants were rare. They concluded that, among
4,568 patients treated with selegiline and an antidepres-
sant, 0.24% experienced symptoms consistent with a
possible serotonin syndrome, and only 0.04% had seri-
ous adverse events. Trazodone and fluoxetine, by virtue
of negligible anticholinergic properties, have little ad-
verse effect on cognition. Sertraline and fluvoxamine
have not been adequately evaluated in PD. An open-
label pilot study found depression in PD to respond to
sertraline (25 mg/day for 1 week, then 50 mg/day)
(Hauser and Zesiewicz 1997). One case report supports
the efficacy of fluvoxamine in treating depression in PD
(McCance-Katz et al. 1992).

No long-term studies of antidepressant therapy in pa-
tients with PD have been conducted, although one study of
21 patients found that depression remitted in only four of
these cases after a 2.5-year follow-up (Mayeux et al. 1988).
Given the absence of long-term treatment studies, general
principles of antidepressant drug therapy are applicable.
Tom and Cummings (1998) suggest that an adequate trial
should last at least 6 weeks. The drug should be titrated to
the dose necessary (within the recommended guidelines) to
achieve a satisfactory antidepressant effect in the absence
of intolerable side effects. Once an adequate effect is
achieved, therapy should be continued for at least 6 months
before the medication is gradually tapered.

Plasma levels are not required for the management of
patients receiving antidepressant therapy. Guidelines were
developed by the American Psychiatric Association Task
Force on the Use of Laboratory Tests in Psychiatry (1985)
to determine optimal plasma levels in patients with major
depression (excluding patients with neurodegenerative
disorders, such as PD). An optimal trial of the medication is
assumed when plasma levels fall within the guidelines. It is
not known if the results of these determinations are appli-
cable to more complicated clinical settings (i.e., in the set-
ting of a documented brain disorder). Levels of imipramine
and its desmethyl metabolite, desipramine, should be
greater than 200–250 ng/mL; levels of desipramine,
greater than 125 ng/mL; and a level of nortriptyline, be-
tween 50 and 150 ng/mL. Levels should be drawn 10–14
hours after the last dose.
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FIGURE 26–3. Algorithm for treatment of depression in Parkinson’s disease (PD). COMT = catechol-O-methyltransferase;
CRI = combined reuptake inhibitor; ECT = electroconvulsive therapy; MAO = monoamine oxidase; SSRI = selective serotonin
(5-hydroxytryptamine; 5-HT) reuptake inhibitor; TCA = tricyclic antidepressant.
Source. Reprinted with permission from Tom T, Cummings JL: “Depression in Parkinson’s Disease: Pharmacological Character-
istics and Treatment.” Drugs Aging 12:55–74, 1998. Copyright 1998 Adis International.



Treatment: electroconvulsive therapy. Electro-
convulsive therapy (ECT) has been shown to be effective in
the treatment of psychiatric disorders, especially depres-
sion (Brandon et al. 1984; Faber and Trimble 1991; Greg-
ory et al. 1985). In controlled comparisons with antide-
pressant medications, ECT has been demonstrated to be
superior (Abrams 1988). Dating back to the 1950s
(Lebensohn and Jenkins 1975; Savitsky and Karliner 1953;
Shapiro and Goldberg 1957), ECT has been observed to
also benefit the tremor and motor symptoms of patients
with PD who are undergoing the procedure for depression,
as well as to improve parkinsonism secondary to
neuroleptic medications (Goswami et al. 1989). Further-
more, ECT improved the motor symptoms of patients
with PD without psychiatric illness in five of six reports (in
22 of 34 patients) (Faber and Trimble 1991).

Several studies (Andersen et al. 1987; Douyon et al.
1989; Zervas and Fink 1991) have reported ECT to be ef-
fective in relieving depression and transiently improving
the motor symptoms of PD. The total number of patients
studied is, however, small: Faber and Trimble (1991) noted
that between 1975 and 1991 there had been a total of 21 re-
ports detailing ECT in 44 patients with PD and psychiatric
morbidity. A recent retrospective study of 25 patients with

PD and one or more of major depression with psychosis (4),
major depression without psychosis (15), unspecified anxi-
ety disorder (2), dementia (6), or unspecified other disor-
ders (12) found improvements in mental state, depression,
and anxiety (Moellentine et al. 1998). Transient improve-
ment in 14 of the 25 patients’ parkinsonian symptoms was
found.

The primary indication for ECT in PD is in the treat-
ment of depression, especially when antidepressant medi-
cations are ineffective or when side effects make them in-
tolerable. The latter may include impairment of cognition,
glaucoma, ileus, heart conduction block, or urinary reten-
tion. In addition, ECT may be preferable in life-
threatening situations requiring a more rapid response
(e.g., suicidal depression or malnutrition secondary to apa-
thy and psychomotor retardation).

Other psychiatric uses of ECT include the treatment
of mania (Small and Millstein 1986), which is uncommon
in patients with PD. Roth et al. (1988) reported improve-
ment in both motor and affective signs in a patient with PD
with mania treated with ECT. ECT has been used effec-
tively in the treatment of psychosis induced by
dopaminergic therapy (see section on Drug-Related Psy-
chiatric Conditions below).
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TABLE 26–12. Neurotransmitter effects of selected antidepressants

Agent (trade name) Serotonin Norepinephrine Dopamine
Amitriptyline
(Elavil)

++ + 0

Bupropion
(Wellbutrin)

0 + +a

Desipramine
(Norpramin)

+ +++ +/−

Fluoxetine
(Prozac)

+++ 0 +/−b

Nefazodone
(Serzone)

++c +/− 0

Nortriptyline
(Pamelor)

+ ++ 0

Sertraline
(Zoloft)

+++ 0 +/−b

Venlafaxine
(Effexor)

+++ ++ +a

Note. Values are approximations, derived from in vivo, in vitro, and clinical studies. +++ = marked effects; ++ = moderate effects; + = modest ef-
fects; +/− = minimal effects; 0 = virtually no effects.
aDopaminergic effects probably significant only at higher doses.
bSelective serotonin reuptake inhibitors (SSRIs) have variable effects on dopamine, perhaps decreasing dopamine in some brain regions. However,
sertraline has substantial dopamine reuptake inhibition compared with the other SSRIs, and this may have implications for its apparently benefi-
cial effects on cognitive function in some patients.
cNefazodone antagonizes the 5-HT2 receptor but shows modest blockade of 5-HT reuptake.
Source. Adapted from Pies 1998.
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TABLE 26–13. Side-effect profiles of selected antidepressants

Drug
(trade name)

Anticholinergic
(blurry vision,

dry mouth, constipation)
Sedation/

drowsiness
Insomnia/
agitation

Orthostatic
hypotension

Cardiac
arrhythmia

Gastrointestinal
distress/diarrhea

Weight
gain

Amitriptyline
(Elavil)

4 4 1
2 4 3 1

2 4

Bupropion
(Wellbutrin)

0 1
2 2 0 1

2 1 0

Desipramine
(Norpramin)

1 1 1 2 3 1
2 1

Doxepin
(Sinequan)

3 4 1
2 3 2 1

2 3

Fluoxetine
(Prozac)

0 1
2 2 0 1

2 3 0a

Imipramine
(Tofranil)

3 3 1 4 3 1 3

Nefazodone
(Serzone)

1
2

1
2 0 2 1

2 2 1
2

Nortriptyline
(Pamelor)

1 2 1
2 1 2 1

2 2

Paroxetine
(Paxil)

1
2

1
2 1 0 1

2 3 0a

Sertraline
(Zoloft)

0 1
2 1 0 1

2 3 0a

Venlafaxine
(Effexor)

1
2

1
2 2 0 1

2 3 0

Note. All values are rough guidelines and may vary according to dose, duration of treatment, and age of patient. 4 = high; 3 = moderately high; 2 = significant; 1 = modest; 1
2 = minimal;

0 = virtually none.
aDespite published data showing little or no weight gain with the selective serotonin reuptake inhibitors (SSRIs), clinical experience has shown that some patients, often after an initial period of
weight loss, may gain substantial weight with fluoxetine, paroxetine, and perhaps other SSRIs.
Source. Adapted from Pies 1998.



Included with the risks of ECT are those attendant
with the induction of and recovery from anesthesia.
Psychotropic drugs are discontinued before ECT, and
levodopa dosage should be reduced. The latter is required
to minimize the occurrence of dyskinesias and post-
treatment delirium, which may result from increased dopa-
mine sensitivity. The cardiovascular risks of ECT are small
(Kramer 1985), with a mortality of one death per 50,000
treatments. Neither permanent electroencephalographic
changes nor subsequent spontaneous seizures follow ECT.
Postictal confusion is common for up to 30 minutes after
the procedure. In comparison to a control group of patients
without PD undergoing ECT, patients with PD had a
higher rate of complications (56% vs. 12% in the control
group) (Moellentine et al. 1998). The most common com-
plication was an intertreatment delirium (52%). Indeed,
two other studies suggested that patients with PD may be at
greater risk for prolonged delirium than other patients re-
ceiving ECT (Douyon et al. 1989; Figiel et al. 1991), sug-
gesting that pathological changes in the basal ganglia may
play a role in the pathogenesis of this mental status abnor-
mality. Moellentine et al. (1998) also found that length of
hospitalization was longer for the PD than the control
group. Bilateral electrode placement results in some de-
gree of memory impairment for at least 6 months (Weiner
et al. 1986). However, unilateral electrode placement with
brief pulse stimulation produces a memory disturbance no
greater in ECT-treated patients than in antidepres-
sant-treated control subjects.

ECT is safe and effective in patients with dementia in
general (Tsuang et al. 1979). Moellentine et al. (1998) ob-
served no relationship between dementia and the occur-
rence of prolonged delirium in PD and an increase in
Mini-Mental State Exam scores after ECT in both the pa-
tient and control groups.

Mania

Manic behavior (occurring in 1%–5% of patients with PD)
is rarely a manifestation of bipolar illness in PD; it is associ-
ated with levodopa therapy (Celesia and Barr 1970) and de-
mentia. Hyperactivity may also occur as a manifestation of
a schizophrenic-like disorder that has been described
rarely in PD (Crow et al. 1976). Management is difficult
because of the likelihood of the exacerbation of manic
symptoms by levodopa and the risk of increasing extra-
pyramidal symptoms (e.g., tardive dyskinesia) by lithium.

Anxiety Disorders

Anxiety disorders such as generalized anxiety, panic, and
social phobia occur in up to 40% of patients with PD, fre-

quently with comorbid depression (Richard et al. 1996).
Optimal treatments have not been established, but some
guidelines are provided below and by Lieberman’s (1998)
algorithm (Figure 26–4).

Generalized anxiety disorder. Generalized anx-
iety is a frequent finding in patients with PD. Stein et al.
(1990) found the disorder in 38% of patients with PD and
with no relationship to their degree of motor disability or
treatment with levodopa. Symptoms of anxiety or panic
may also coexist with depression (Henderson et al. 1992;
Schiffer et al. 1988; Starkstein et al. 1993).

Benzodiazepines are effective in the treatment of anxi-
ety. In addition, they may be used in conjunction with anti-
depressants and are effective in counteracting the not in-
frequent occurrence of stimulant effects by small, initial
doses of antidepressants (e.g., in the treatment of panic dis-
order). Buspirone, a nonbenzodiazepine with both anxio-
lytic and antidepressant properties, may be administered in
conjunction with antidepressant drugs to treat coexistent
anxiety (Fabre 1990). However, in a double-blind pla-
cebo-controlled crossover study of 16 patients with PD,
buspirone in doses of 10–100 mg/day had no effect on anxi-
ety, depression scales, or extrapyramidal symptoms (Lud-
wig et al. 1986).

Panic. Among 131 levodopa-treated patients with PD,
Vázquez et al. (1993) found 24% to have recurrent panic at-
tacks, with 90% of the attacks occurring during the “off”
state. In cases with panic related to the “off” state, manage-
ment of motor fluctuations is indicated. Panic disorder
may be effectively treated with the heterocyclic antidepres-
sants nortriptyline, desipramine, and imipramine or with
fluoxetine (Silver and Yudofsky 1988).

Phobic disorder. Phobic disorders are character-
ized by irrational fear (fully defined by DSM-IV), such as
fear of crowded places. Initially, fear manifested by patients
with PD may be justified (e.g., fear of falling because of im-
paired postural reflexes), but later it may be exaggerated to
include situations in which it is not reasonable. This disor-
der rarely begins before the onset of PD.

Obsessive-compulsive disorder. Obsessive-
compulsive symptomatology (OCS) has been linked to
dysfunction of the basal ganglia. OCS is sometimes present
in disorders involving the basal ganglia (e.g., Gilles de la
Tourette’s syndrome, Huntington’s disease, and Syden-
ham’s chorea) and has been observed in postencephalitic
parkinsonism. It has also been associated with lateralized
brain abnormalities in both left and right hemispheres.
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Tomer et al. (1993), using the Leyton Obsessional In-
ventory (Cooper 1970), studied the relationship between
OCS and the lateralization of motor symptoms in 30 pa-
tients with idiopathic PD. The severity of left-sided motor
dysfunction was found to be a reliable predictor of the over-
all severity of OCS. The variables that most significantly
correlated with left-sided motor impairment were
overconscientiousness, repetition, disturbing thoughts,

and obsessions with cleanliness. This may reflect a rela-
tively greater deficiency of dopamine in the right basal gan-
glia of patients with PD manifesting OCS.

Psychosis

Symptoms of psychosis occur in up to 40% of patients with
PD (Peyser et al. 1998). Based on their literature review,
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FIGURE 26–4. Algorithm for treatment of anxiety in Parkinson’s disease. Reprinted with permission from Lieberman A:
“Managing the Neuropsychiatric Symptoms of Parkinson’s Disease.” Neurology 50 (suppl 6):S33–S38, 1998. Copyright 1998
Lippincott Williams & Wilkins.



Peyser et al. (1998) identified six types of psychotic disor-
ders in PD: 1) hallucinations with preserved insight (usu-
ally in the context of dopaminergic treatment); 2) medica-
tion-induced psychoses (delusions, hallucinations, and/or
thought disorder) without clouding of consciousness but
partial or total loss of insight; 3) delirium (usually provoked
by dopaminergic treatment or another medical condition);
4) schizophrenia-like psychoses not related to medications;
5) schizophrenia predating PD; and 6) other psychoses (in-
cluding psychotic depression and mania). Many of the psy-
choses in PD not related to medical treatment have been
the subject of case reports, and it is evident that most of the
studies reveal psychotic disorders to usually occur with
dopaminergic treatments or in the context of dementia.
Recent studies indicate psychotic symptoms to be common
in DLB, even in the absence of medications (Morris et al.
1998). No convincing association has been found between
PD and psychosis (i.e., schizophrenia).

Drug-Related Psychiatric Conditions

Virtually every drug used in the treatment of PD can pro-
duce clinically significant psychiatric symptoms (for re-
view, see Young et al. 1997). Included are the anticho-
linergics, amantadine, selegiline, levodopa, MAO-B
inhibitors, and dopamine receptor agonists. These adverse
effects significantly limit the efficacy of antiparkinsonian
medication in some patients. Data reported in some studies
regarding the incidence of certain effects (e.g., hallucina-
tions, delusions, and delirium) may be inaccurate (i.e., un-
derestimates) because of imprecise psychiatric interview-
ing techniques, the reluctance of patients and families to
relate these disturbing events, and failure to distinguish the
exact nature of the adverse effect.

Hallucinations

Visual hallucinations are the most common medica-
tion-induced side effect (tactile and auditory hallucina-
tions are rare) and may occur with the use of any
antiparkinsonian medication. The overall incidence is esti-
mated to be about 20% and is greatest with the use of
dopaminergic agents (Goetz et al. 1982). It is thought that
bromocriptine has a greater potential to cause psychiatric
side effects than levodopa.

Hallucinations most frequently occur in the absence of
delirium, at night, and most often they involve seeing
formed objects (e.g., people or animals) (Sanchez-Ramos
et al. 1996). Sleep disturbances may also be present. In-
creasing age, a history of multiple-drug therapy, a
premorbid history of psychiatric illness, and the use of

anticholinergic medications have been found to be predic-
tors for the occurrence of hallucinations (Glantz et al.
1986; Tanner et al. 1983).

Hallucinatory syndromes differ depending on the of-
fending agent. Anticholinergic drugs are more likely to
produce hallucinations that are threatening, be combined
with tactile or auditory components, and be accompanied
by delirium (Goetz et al. 1982). Patients usually respond to
decreasing the dosage of the causative agent(s). A few pa-
tients with PD experience benign hallucinations: vivid,
nonthreatening visual hallucinations in the absence of de-
lirium or other cognitive impairment, with insight remain-
ing intact. Dosage reduction, if possible, is usually effective
in lessening or eliminating hallucinations. An algorithm
for the treatment of hallucinations and delirium (Olanow
and Koller 1998) is presented in Figure 26–5.

Delusions

Delusions (false beliefs based on faulty inference, held de-
spite evidence to the contrary, and ordinarily not accepted
by members of a person’s culture or subculture) have been
reported with all types of antiparkinsonian medication.
The reported incidence ranges from 3% to 30% (but may
be higher if more scrupulously sought), and it is greater at
higher doses.

If caused by levodopa, delusions may often be pre-
dicted by the occurrence of dreams and/or visual hallucina-
tions (Klawans 1978). Delusions may occur in the setting of
a clear or clouded sensorium (Moskovitz et al. 1978) and
are typically of the paranoid type but may be self-
persecutory. A case of amantadine-induced Othello syn-
drome (pathological jealousy) has also been described
(McNamara and Durso 1991). Older patients with demen-
tia are particularly susceptible (Fischer et al. 1990), and de-
lusions are rarely associated with a schizophrenic-like
thought disorder (Beardsley and Puletti 1971).

Management of delusions includes withdrawal of
anticholinergic agents and amantadine and reduction of
the dosage of levodopa or other dopaminergic drugs.

Treatment of Drug-Induced Psychoses

Drug-induced psychoses resulting from antiparkinsonian
medications have been successfully treated using
neuroleptic medications. They are limited by their tenden-
cies to produce extrapyramidal symptoms and, thus,
worsen the parkinsonism. Low dosages of molindone,
thioridazine, perphenazine, and haloperidol may be ad-
ministered with caution to alleviate symptoms (Hale and
Bellizzi 1980). However, in our experience, a successful
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result is rarely achieved because of exacerbation of the
parkinsonian features with these drugs. In addition,
L-tryptophan has been reported to reduce paranoid delu-
sions in a few patients (Miller and Nieburg 1974).

Several newer, atypical antipsychotics, thought to pro-
duce fewer extrapyramidal side effects, have been evaluated
in the treatment of psychotic symptoms (including delu-
sions) in PD. The neurotransmitter receptor antagonism
profile and the side-effect profile of some of these agents
are presented in Tables 26–14 and 26–15, respectively.

Clozapine has been used successfully in the treatment
of drug-induced psychosis. Auzou et al. (1996), in their re-
view of studies detailing clozapine treatment in more than

200 patients, concluded that good results were obtained in
90% of patients without worsening of extrapyramidal
symptoms. Indeed, some researchers have observed im-
provements in one or more of tremor, gait disorder, rigid-
ity, bradykinesia, and dyskinesia with clozapine treatment
(Bennett et al. 1994; Durif et al. 1997; Friedman and
Lannon 1989, 1990; Friedman et al. 1997; Parkinson Study
Group 1999). Clozapine may cause bone marrow suppres-
sion, and hematological monitoring (i.e., weekly complete
blood counts) is required. However, one study (Ruggieri et
al. 1997) reported no cases of agranulocytosis in 36 patients
with PD who were treated for 12 months with a mean dos-
age of 10.59 ± 6.48 mg/day. In the Parkinson Study Group
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FIGURE 26–5. Algorithm for treatment of hallucinations/delirium in Parkinson’s disease.
Source. Reprinted with permission from Olanow CW, Koller WC: “An Algorithm (Decision Tree) for the Management of Par-
kinson’s Disease: Treatment Guidelines.” Neurology 50 (suppl 3):S1–S57, 1998. Copyright 1998 Lippincott Williams & Wilkins.
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TABLE 26–14. Relative receptor antagonism of atypical antipsychotic agents (trade names in parentheses)

Receptor
Risperidone
(Risperdal)

Clozapine
(Clozaril)

Olanzapine
(Zyprexa)

Quetiapine
(Seroquel)

Sertindole
(SerLect)

D2 1 +/− 1
2 +/− 4

5-HT2A 3 2 1 +/− 4
M1 (muscarinic cholinergic) +/− 3 4 1 +/−
H1 (histaminic) 1

2 4 2 1 +/−
α1- adrenergic 2 1 1

2
1

2 4

Note. Data are semiquantitative comparisons of in vitro affinities for a given receptor. Values should not be compared “vertically”; for example, a “4” on D2 antagonism may not be quantita-
tively equivalent to a “4” on α2 antagonism in the same column. In vitro affinities do not always correspond with clinical effects. 4 = marked; 3 = substantial; 2 = moderate; 1 to 1

2 = slight;
+/− = minimal; 5-HT = 5-hydroxytryptamine.
Source. Adapted from Pies 1998.

TABLE 26–15. Side effects of selected atypical antipsychotic agents (trade names in parentheses)

Side-effect
profilea

Risperidone
(Risperdal)

Clozapineb

(Clozaril)
Olanzapineb

(Zyprexa)
Quetiapine
(Seroquel)

Sertindole
(SerLect)

Extrapyramidal symptomsc + +/− +/− +/− +/−
Tardive dyskinesia ? +/− ? ? ?
Seizures +/− +++ +/− +/− +/−
Agranulocytosis +/− +++ +/− +/− +/−
Drowsiness + +++ ++ +/+ +/−
Hypotension + ++ + + +
Dizziness + ++ + + +
Dry mouth +/− + + + +/−
Constipation + ++ + + +/−
Weight gaind + +++ + + +

Note. +++ = high incidence; ++ = moderate incidence; + = low incidence; +/− = negligible incidence; ? = data too preliminary.
aBased on various dosages of agents, with no direct drug-to-drug comparisons available.
bValues for clozapine and olanzapine not directly comparable with those in other tables because data may be derived from different sources.
cSum of dystonia, parkinsonism, akathisia.
dReports of weight gain are often underestimated during early experience with atypical antipsychotics; thus, weight gain with olanzapine, for example, may well prove to exceed the 5%–7%
rates reported thus far.
Source. Adapted from Pies 1998.



(1999) study, only one patient treated with clozapine devel-
oped leukopenia. Clozapine has been associated with an in-
creased risk of seizures, but the risk in patients with PD ap-
pears to be less than 1% (Factor et al. 1995).

Given its anticholinergic properties, clozapine must
be used with caution in patients with dementia, who may be
at increased risk for confusion (Factor et al. 1994). Indeed,
lower dosages of clozapine are used in patients with PD
than in patients with schizophrenia (Musser and Akil
1996). Factor et al. (1995) recommended a starting dose of
6.25–12.5 mg/day or every other day, which is increased by
12.5 mg every 4–7 days until symptoms are controlled.

Other new atypical antipsychotics have been studied in
too few patients with PD to permit compelling conclusions
about these agents’ efficacy and safety in this disease.
Nonetheless, some of these agents do show promise.
Risperidone has been found to be effective and safe in some
patients with PD (Ford et al. 1994; Meco et al. 1997; Rich et
al. 1995), although motor symptoms may be exacerbated at
higher doses. A recent study of 9 patients with PD and de-
mentia found the drug to be effective and well tolerated
without exacerbating motor symptoms or cognitive im-
pairment (Workman et al. 1997). An initial study indicated
that olanzapine (1–15 mg/day) was effective and well toler-
ated in 15 patients with PD without dementia with
drug-induced psychoses (Wolters et al. 1996). Olanzapine
may also be effective in PD patients with dementia
(Aarsland et al. 1999). Quetiapine has been evaluated in
only two cases with PD (Parsa and Bastani 1998).
Remoxipride may be effective in controlling psychosis in
PD (Lang et al. 1995; Mendis et al. 1994), but higher doses
(mean 161 mg/day) may worsen parkinsonism in a signifi-
cant percentage of patients. Zotepine (not available in the
United States) failed to improve psychosis without worsen-
ing motor symptoms in two studies (Arnold et al. 1994;
Spieker et al. 1995). New serotonin antagonists such as
ondansetron (Zoldan et al. 1995) and mianserin (Ikeguchi
and Kuroda 1995) have also had inadequate evaluation in
PD. Although efficacy data are encouraging, the cost of
ondansetron may be prohibitive.

Confusion/Delirium/Cognitive Impairment

The terms confusion and delirium are often used inter-
changeably and refer to a syndrome consisting of an altered
state of consciousness, incoherent speech, altered
psychomotor activity, memory impairment, and sudden
onset and rapid fluctuation. Mild forms may go unrecog-
nized. This syndrome has been noted to complicate all
forms of antiparkinsonian therapy with a prevalence of
5%–25% and seems to be more frequent among

higher-potency ergot derivatives (e.g., bromocriptine and
pergolide). Confusional states are likely to be induced by
anticholinergic agents, especially in those patients with
preexisting cognitive impairment (Saint-Cyr et al. 1993).
One algorithm for treatment of cognitive impairment is
presented in Figure 26–6. Agitation may occur with or
without delirium. An algorithm for treatment of agitation
is presented in Figure 26–7.

Depression

Table 26–16 lists DSM-IV criteria for substance-induced
mood disorders. Despite its mood-elevating effects in
some patients with PD, levodopa has also been implicated
in causing depression. Huber et al. (1988) found that pa-
tients with PD and depression had taken the drug for lon-
ger periods and were receiving significantly higher dosages
than were patients with PD without depression. However,
the prevalence range of depressive symptoms in patients
with PD treated with levodopa compared with those un-
treated is approximately the same, ranging from 2% to
50%. Levodopa may affect the appearance of depressive
symptoms but not make them more prevalent. Treatment
of depression in the setting of levodopa therapy is by the
conventional use of antidepressants and ECT.

Mania

Levodopa has the capability of mood elevation along a
spectrum from a simple feeling of well-being to full-blown
episodes of mania (elation, grandiosity, pressured speech,
racing thoughts, hyperactivity, reduced requirement for
sleep, increased libido, and risk-taking behavior) (Celesia
and Barr 1970; Ryback and Schwab 1971). Pergolide has
also been reported to cause mania (Lang and Quinn 1982).
In patients with PD with a premorbid history of mania,
hypomania has resulted from levodopa and bromocriptine
therapy (Goodwin 1971; Jouvent et al. 1983). It usually
subsides with dosage reduction.

Anxiety

Symptoms of anxiety and panic (e.g., apprehension, irrita-
bility, nervousness, feelings of impending doom, palpita-
tions, and hyperventilation) have been attributed to
levodopa therapy, especially when occurring in patients
not so predisposed before the onset of PD (Celesia and Barr
1970). Those with similar prior symptomatology have re-
ported worsening of their anxiety syndromes (Rondot et al.
1984). Pergolide and selegiline (in combination with
levodopa) therapies have also been associated with a signif-
icant incidence of anxiety (Lang and Quinn 1982; Yahr et
al. 1983). Anxiety occurs in approximately two-thirds of
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patients with motor fluctuations, especially in the “off”
state (Nissenbaum et al. 1987). Treatment is by adjustment
(usually reduction) of the agent and use of anxiolytic agents
(e.g., benzodiazepines).

Altered Sexual Behavior

Increased libido, resulting from antiparkinsonian therapy,
may occur in conjunction with or in the absence of a manic

syndrome. Its expression may range from a renewed sexual
interest with increased potency to a pathological state (i.e.,
hypersexuality). Increases in libido in case series reports
range from 1% to 10% but may be more frequent.
Hypersexuality may be manifested by increased masturba-
tion or sexual intercourse. Males are predominantly
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FIGURE 26–6. Algorithm for treatment of cognitive im-
pairment in Parkinson’s disease (PD).
Source. Reprinted with permission from Olanow CW, Koller
WC: “An Algorithm (Decision Tree) for the Management of
Parkinson’s Disease: Treatment Guidelines.” Neurology 50
(suppl 3):S1–S57, 1998. Copyright 1998 Lippincott Williams
& Wilkins.

FIGURE 26–7. Algorithm for treatment of agitation in
Parkinson’s disease (PD).
Source. Reprinted with permission from Olanow CW, Koller
WC: “An Algorithm (Decision Tree) for the Management of
Parkinson’s Disease: Treatment Guidelines.” Neurology 50
(suppl 3):S1–S57, 1998. Copyright 1998 Lippincott Williams
& Wilkins.



affected, and levodopa is the most common causative agent
(Harvey 1988; Vogel and Schifter 1983). The behavior has
also been reported with pergolide (Quinn et al. 1984). Sex-
ually deviant behavior has been reported in patients with
PD both with and without a history but is more likely in
those with a predisposition. Paraphiliac disorders that have
been reported include sexual masochism, pedophilia, voy-
eurism, sadomasochistic fantasies, and exhibitionism.

Sleep Disturbances

Sleep disturbances are more likely in patients with PD with
drug-related psychiatric conditions, although sleep distur-
bance can be a manifestation of PD itself, depression, pain,
nightmares, and dyskinesias (Olanow and Koller 1998).
Vivid dreams and nightmares complicate both levodopa
and pergolide treatment (Lang and Quinn 1982). Sleep
studies in patients with PD have found diminished stage III
and IV sleep, with multiple arousals and awakenings
(Emser et al. 1988). Hypnotic agents (e.g., chloral hydrate
or benzodiazepines) and antidepressants (if the sleep disor-
der is related to depression) may be effective.

Summary

Cognitive and psychiatric disorders are important aspects
of the clinical syndrome resulting from PD. Although the
motor symptoms often receive the majority of attention,
deterioration of the mental state is not uncommon and vir-
tually inevitable if the disease is long-standing. Behavioral
disturbances may result from the disease itself and from
medical and surgical treatments used to improve motor
function.

Following recognition of changes in the mental state,
it is necessary to distinguish those who may be more likely
to respond to treatment (e.g., patients with depression and
drug-induced psychosis) from those who will not (e.g., pa-
tients with dementia and bradyphrenia). This determina-
tion will be facilitated when specific diagnostic guidelines
are formulated that take into account both the behavioral
and the motor manifestations of PD. For the neuropsychi-
atric manifestations, effective therapies (e.g., drug and
ECT) are available and may significantly improve the qual-
ity of life of the patient with PD.
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Stroke

Sergio E. Starkstein, M.D., Ph.D.

Robert G. Robinson, M.D.

Cerebrovascular disease is one of the
most common life-threatening prob-

lems among the elderly population in the United States,
and it ranks as the third leading cause of death (behind
only heart disease and cancer) in patients over age 50.
The prevalence of stroke increases steadily with age,
rising from 10/100,000 for those under age 35 to
5,970/100,000 for those over age 75 (Wolf et al. 1984).
The National Survey of Stroke estimated that there will
be 500,000 new cases of stroke each year (Walker et al.
1981). During the past 10 years, however, there has been
a steady decline in the incidence of stroke, which most in-
vestigators have attributed to the improved control of hy-
pertension (Hachinski and Norris 1985; Wolf et al.
1984). Nevertheless, 75% of stroke survivors are left with
physical or intellectual impairments of sufficient severity
to limit their vocational capacity (Hachinski and Norris
1985).

The psychiatric complications of stroke lesions, al-
though recognized for more than 100 years (Kraepelin
1921), have never received the attention that has been de-
voted to poststroke motor deficits, language problems, or
intellectual disturbances. This relative neglect of emo-

tional impairments following stroke is difficult to under-
stand for several reasons. First, psychiatric complications
of stroke, such as depression or apathy, have a high preva-
lence (Robinson et al. 1983; Starkstein et al. 1993a). Sec-
ond, these behavioral disorders have been shown to signifi-
cantly impair the physical recovery (Parikh et al. 1990) and
to increase the long-term mortality (Morris et al. 1993) of
stroke patients. Everson et al. (1998) examined the associa-
tion between depression symptoms and stroke mortality in
a prospective study of behavioral, social, and psychological
factors related to health and mortality in a community sam-
ple. They confirmed a significant relationship between de-
pressive symptoms and stroke mortality. Third, clinico-
pathological correlations derived from the study of stroke
lesions may constitute a valuable model for illuminating
the mechanisms of psychiatric disorders in patients with-
out known neuropathological disorders (i.e., functional
disorders).

In this chapter, we briefly review the classification and
nature of cerebrovascular disease and then discuss the most
frequent emotional-behavioral sequelae of stroke lesions.
Some of these psychiatric complications of stroke, such as
depression, have been the focus of intense research,
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whereas other complications, such as anxiety or emotional
lability, have not been characterized as well.

Cerebrovascular Disease

Classification

One obvious way of classifying cerebrovascular disease is
based on the cause of the anatomic-pathological process
within the blood vessels that perfuse the central nervous
system. Such a classification would include infectious, con-
nective tissue, neoplastic, hematologic, pharmacological,
and traumatic causes. Alternatively, the classification of
cerebrovascular disease may be based on the mechanisms
of these different pathological processes, such as the inter-
active effects of systemic hypertension and atherosclerosis
on the resilience of large arteries, the integrity of vessel
lumens, and the production of end-organ ischemia; devel-
opmental abnormalities leading to the formation of
aneurysmal dilations or weakness of the arterial wall; or the
effect of cardiac arrhythmias on the propagation of emboli.

The most pragmatic way of classifying cerebro-
vascular disease, however, is categorizing disorders based
on the way in which parenchymal changes in the brain do or
do not occur (Starkstein and Robinson 1992). The first of
these, ischemia, may occur with or without parenchymal
infarction. Ischemic disorders include transient ischemic
attacks, which may not produce parenchymal changes, and
infarctions, which do produce parenchymal lesions. The
causes of infarctions include atherosclerotic thrombosis,
cerebral embolism, lacunae, and others, such as arteritis
and fibromuscular dysplasia. The other cause of paren-
chymal changes is hemorrhage. Hemorrhages may cause
direct parenchymal damage by extravasation of blood into
the surrounding brain tissue, as in intracerebral hematoma,
or indirect parenchymal damage by hemorrhage into the
ventricles, subarachnoid space, extradural space, or
subdural regions.

There are five major categories of cerebrovascular dis-
ease that produce focal parenchymal lesions: athero-
sclerotic thrombosis, cerebral embolism, lacunae, intra-
cranial hemorrhage, and vascular malformations, such as
aneurysms and arteriovenous malformations. Ischemic in-
farcts constitute the most prevalent type of stroke, and the
ratio of infarcts to hemorrhages is about 5:1; athero-
sclerotic thrombosis and cerebral embolism account for
about one-third of all strokes (Caplan and Stein 1986).

Atherosclerotic Thrombosis

Atherosclerotic thrombosis is often a result of a dynamic
interaction between hypertension and atherosclerotic de-
position of hyaline-lipid material in the walls of peripheral,
coronary, and cerebral arteries. Hypertension is the most
important risk factor for thrombotic stroke; other factors
such as hyperlipidemia, diabetes mellitus, smoking, and
obesity are of less importance. Atheromatous plaques tend
to propagate at the bifurcation of the internal carotid artery
or the carotid sinus, the “top” of the basilar artery, the pos-
terior cerebral arteries at the midbrain level, and the ante-
rior cerebral arteries as they curve over the corpus callo-
sum. These plaques may lead to stenosis of one or more of
these cerebral arteries or to complete occlusion.

Transient ischemic attacks, defined as periods of tran-
sient focal ischemia associated with reversible neurological
deficits within a few hours, are usually produced by a
thrombotic process. Most commonly, transient ischemic
attacks have a duration of 2–15 minutes, with a range from a
few seconds to up to 12–24 hours. Whereas the neurologi-
cal examination between episodes of transient ischemic at-
tacks is entirely normal, permanent neurological deficits
(i.e., those lasting more than 24 hours) indicate that infarc-
tion has occurred.

Cerebral Embolism

Cerebral embolism, which accounts for approximately
one-third of all strokes, is usually caused by a fragment
breaking away from a thrombus within the heart and trav-
eling up the carotid artery. The embolism may also origi-
nate from an atheromatous plaque within the lumen of the
carotid sinus or from the distal end of a thrombus within
the internal carotid artery, or less frequently it may repre-
sent a fat, tumor, or air embolus within the internal carotid
artery. The causes of thrombus formation within the heart
include cardiac arrhythmias, congenital heart disease, in-
fectious processes, valve prostheses, postsurgical compli-
cations, and myocardial infarction with mural thrombus.
Of all strokes, those caused by cerebral embolism develop
most rapidly. A large embolus may occlude the internal ca-
rotid artery or the stem of the middle cerebral artery, pro-
ducing a severe hemiplegia. More often, however, the
embolus is smaller and passes into one of the branches of
the middle cerebral artery, producing infarction distal to
the site of the arterial occlusion. This is characterized by a
pattern of neurological deficits consistent with that specific
vascular distribution, which may be transient if the
embolus fragments and travels into more distal arteries.
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Lacunae

Lacunae, which account for nearly one-fifth of strokes, are
the result of occlusion of small penetrating cerebral arter-
ies. These small infarcts may produce no recognizable defi-
cits, or (depending on their location) they may be associ-
ated with pure motor or sensory deficits. There is a strong
association between lacunae and both atherosclerosis and
hypertension, suggesting that lacunar infarction is the re-
sult of the effect of arteriosclerosis on small-diameter
vessels.

Intracranial Hemorrhage

Intracranial hemorrhage is the fourth most frequent cause
of stroke. The main causes of intracranial hemorrhage are
hypertension, rupture of saccular aneurysms or
arteriovenous malformations, hemorrhagic disorder, and
trauma. Primary (hypertensive) intracranial hemorrhage
occurs in deep parenchymal brain areas. The extravasation
of blood forms a roughly circular or oval-shaped mass that
disrupts and displaces the parenchyma. Adjacent tissue is
compressed, and seepage into the ventricular system may
occur. Intracranial hemorrhages can range in size from
massive bleeds of several centimeters in diameter to
petechial hemorrhages of a millimeter or less. They most
commonly occur within the putamen and the adjacent in-
ternal capsule, thalamus, cerebellum, lobar white matter,
and brainstem. Severe headache is a common accompani-
ment of intracranial hemorrhage and occurs in about 50%
of cases. The prognosis is grave, with 70%–75% of patients
dying within 1–30 days (Adams and Victor 1985).

Aneurysms and
Arteriovenous Malformations

Ruptured aneurysms and arteriovenous malformations are
the most common type of cerebrovascular disease after
thrombosis, embolism, lacunae, and intracranial hemor-
rhage. Aneurysms are usually located at arterial bifurca-
tions and are presumed to result from developmental de-
fects in the formation of the arterial wall; rupture occurs
when the intima bulges outward and eventually breaks
through the adventitia. Arteriovenous malformations con-
sist of a tangle of dilated vessels that form an abnormal
communication between arterial and venous systems.
They are developmental abnormalities consisting of per-
sistent embryonic blood vessels. Hemorrhage from
aneurysms or arteriovenous malformations may occur
within the subarachnoid space or the brain parenchyma.

Neuropsychiatric Syndromes

Poststroke Depression

Frequency. Depression is one of the most common
psychiatric sequelae to occur after a cerebrovascular lesion.
Cross-sectional studies have demonstrated that 20%–50%
of consecutive samples of stroke patients have depression,
regardless of whether these patients are in specialized
stroke units, general clinical units, rehabilitation hospitals,
or the community (Eastwood et al. 1989; Robinson et al.
1983; Wade et al. 1987). In our studies of patients admitted
to the hospital with an acute stroke, 25% met DSM-III
(American Psychiatric Association 1980) criteria for major
depression, whereas another 20% met criteria for
dysthymic (minor) depression (Robinson et al. 1983). This
high prevalence of poststroke depression was observed in
both short-term and long-term stroke patients (Morris et
al. 1990; Robinson et al. 1987) and was also replicated in in-
cidence studies (Kotila et al. 1998). In a rural Chinese com-
munity, as many as 62.2% (28 of 45) of stroke survivors met
criteria for depression. The mood disorder correlated with
loss of daily living activities (Fuh et al. 1997). A recent Fin-
ish study (Pohjasvaara et al. 1998) found major depression
in 26% and minor depression in 14% of a consecutive se-
ries of 486 patients with ischemic stroke.

Phenomenology of poststroke depression.
We have identified two types of poststroke depressive dis-
orders: the diagnosis of major depression is based on
DSM-IV (American Psychiatric Association 1994) criteria
for major depressive episode (excluding the time con-
straint), and the diagnosis of minor (dysthymic) depression
is based on patients meeting DSM-IV criteria for
dysthymic disorder (also excluding the time constraint)
(Table 27–1). Lipsey et al. (1986) compared the frequency
and type of depressive symptoms in a group of 43 patients
with major poststroke depression and a group of 43
age-matched patients with “functional” major depression.
Both groups showed the same frequency and types of de-
pressive symptoms (Figure 27–1). The only exception was
that the major poststroke depression group had a greater
frequency of “slowness” than did the other group. This
study, however, demonstrated that major poststroke de-
pression is not an atypical form of depression and that these
patients present with symptoms identical to elderly pa-
tients with major depression. Paradiso et al. (1997) demon-
strated that only 2%–3% of stroke patients have depressive
symptoms without a depressed mood and suggested that
DSM-IV criteria do not overdiagnose major depression
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TABLE 27–1. DSM-IV criteria for major depressive episode and dysthymic disorder

Major depressive episode
A. Five (or more) of the following symptoms have been

present during the same 2-week period and represent a
change from previous functioning; at least one of the
symptoms is either (1) depressed mood or (2) loss of
interest or pleasure.

Note: Do not include symptoms that are clearly due to a
general medical condition, or mood-incongruent delusions or
hallucinations.

(1) Depressed mood most of the day, nearly every day, as
indicated by either subjective report (e.g., feels sad or
empty) or observation made by others (e.g., appears
tearful). Note: In children and adolescents, can be
irritable mood.

(2) Markedly diminished interest or pleasure in all, or
almost all, activities most of the day, nearly every day
(as indicated by either subjective account or
observation made by others)

(3) Significant weight loss when not dieting or weight
gain (e.g., a change of more than 5% of body weight
in a month), or decrease or increase in appetite
nearly every day. Note: In children, consider
failure to make expected weight gains.

(4) Insomnia or hypersomnia nearly every day
(5) Psychomotor agitation or retardation nearly every

day (observable by others, not merely subjective
feelings of restlessness or being slowed down)

(6) Fatigue or loss of energy nearly every day
(7) Feelings of worthlessness or excessive or in-

appropriate guilt (which may be delusional) nearly
every day (not merely self-reproach or guilt about
being sick)

(8) Diminished ability to think or concentrate, or
indecisiveness, nearly every day (either by subjective
account or as observed by others)

(9) Recurrent thoughts of death (not just fear of dying),
recurrent suicidal ideation without a specific plan, or
a suicide attempt or a specific plan for committing
suicide

B. The symptoms do not meet criteria for a mixed
episode.

C. The symptoms cause clinically significant distress or
impairment in social, occupational, or other important
areas of functioning.

D. The symptoms are not due to the direct physiological
effects of a substance (e.g., a drug of abuse, a medication)
or a general medical condition (e.g., hypothyroidism).

E. The symptoms are not better accounted for by be-
reavement, i.e., after the loss of a loved one, the
symptoms persist for longer than 2 months or are
characterized by marked functional impairment, morbid

preoccupation with worthlessness, suicidal ideation,
psychotic symptoms, or psychomotor retardation.

Dysthymic disorder
A. Depressed mood for most of the day, for more days than

not, as indicated either by subjective account or
observation by others, for at least 2 years. Note: In
children and adolescents, mood can be irritable and
duration must be at least 1 year.

B. Presence, while depressed, of two (or more) of the
following:
(1) Poor appetite or overeating
(2) Insomnia or hypersomnia
(3) Low energy or fatigue
(4) Low self-esteem
(5) Poor concentration or difficulty making decisions
(6) Feelings of hopelessness

C. During the 2-year period (1 year for children or
adolescents) of the disturbance, the person has never been
without the symptoms in Criteria A and B for more than
2 months at a time.

D. No major depressive episode has been present during the
first 2 years of the disturbance (1 year for children and
adolescents); i.e., the disturbance is not better accounted
for by chronic major depressive disorder, or major
depressive disorder, in partial remission.

Note: There may have been a previous major depressive ep-
isode provided there was a full remission (no significant signs
or symptoms for 2 months) before development of the
dysthymic disorder. In addition, after the initial 2 years (1 year
in children or adolescents) of dysthymic disorder, there may
be superimposed episodes of major depressive disorder, in
which case both diagnoses may be given when the criteria are
met for a major depressive episode.
E. There has never been a manic episode, a mixed episode,

or a hypomanic episode, and criteria have never been met
for cyclothymic disorder.

F. The disturbance does not occur exclusively during the
course of a chronic psychotic disorder, such as
schizophrenia or delusional disorder.

G. The symptoms are not due to the direct physiological
effects of a substance (e.g., a drug of abuse, a medication)
or a general medical condition (e.g., hypothyroidism).

H. The symptoms cause clinically significant distress or
impairment in social, occupational, or other important
areas of functioning.

Specify if:
Early onset: if onset is before age 21 years
Late onset: if onset is age 21 years or older
Specify (for most recent 2 years of dysthymic disorder):
With atypical features



among stroke patients. Several studies have validated the
distinction between major and minor poststroke depres-
sion and have demonstrated these two types of depression
to have different courses of longitudinal evolution (Morris
et al. 1990; Robinson et al. 1987), biological markers (Barry
and Dinan 1990; Lipsey et al. 1985), effects on cognitive
function (Robinson et al. 1986), and correlation with brain
lesion location (Robinson et al. 1984; Starkstein et al.
1988b). Kishi et al. (1996) reported that 7% of short-term
stroke patients and 11% of long-term (i.e., > 3 months)
stroke patients had suicidal ideation. Whereas early sui-
cidal ideation was related to premorbid alcohol abuse, de-
layed suicidal ideation was related to greater physical im-
pairment and poorer social support during the immediate
poststroke period.

Clinical correlates. Gender differences in the prev-
alence of poststroke depression have recently been re-
ported by Paradiso and Robinson (1998). These research-

ers found that the prevalence of major depression in
women was double that found in men. Among women,
greater severity of depression was associated with prior di-
agnosis of psychiatric disorder and cognitive impairment,
whereas among men depression was significantly associ-
ated with greater impairment in daily activities and social
functioning.

Poststroke depression has a significant influence on
both the recovery in activities of daily living (ADLs) and
the intellectual impairment of stroke patients. In a recent
study, Ramasubbu et al. (1998) examined the independent
association of depression following acute stroke with im-
pairment in ADLs in a cross-sectional epidemiological
study. They found that depressed stroke patients had sig-
nificantly greater impairments in ADLs than non-
depressed patients, independent of all other factors that in-
fluenced poststroke physical disabilities. Parikh et al.
(1990) compared the 2-year recovery from impairments in
ADLs between 25 patients with poststroke depression (ei-
ther major or minor depression) and 38 stroke patients
with no mood disorders who were matched for their
in-hospital severity of ADL impairments. After control-
ling for all the variables that have been shown to influence
stroke outcome (e.g., short-term treatment on a stroke
unit; size, nature and location of brain injury; age; educa-
tion; and duration of rehabilitation services), patients with
in-hospital poststroke depression had significantly poorer
recovery than did nondepressed stroke patients even after
their depressions had subsided (Figure 27–2).

In another study, we (Robinson et al. 1986) compared
patients with major poststroke depression and non-
depressed stroke patients for the presence of cognitive im-
pairments. We found that patients with major poststroke
depression after left-hemisphere lesions had significantly
more cognitive deficits than did nondepressed patients
with a similar size and location of brain lesion. These defi-
cits were observed in a wide range of cognitive tasks, in-
cluding orientation, language, visuoconstructional ability,
executive motor functions, and frontal lobe tasks (Figure
27–3) (Bolla-Wilson et al. 1989). In contrast, among pa-
tients with right-hemisphere lesions, patients with major
depression did not differ from nondepressed patients on
any of the measures of cognitive impairment. This finding
suggests that left-hemisphere lesions that lead to major de-
pression may produce a different kind of depression than
do right-hemisphere lesions. Left-hemisphere lesions can
produce a dementia of depression, which does not occur
with major depressions following right-hemisphere le-
sions. It remains to be determined whether these
dementias of depression will improve with treatment of de-
pression.
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FIGURE 27–1. Symptom clusters from the present state
examination in 43 patients with major poststroke depression
and 43 patients with functional depression. SD = simple de-
pression; GA = general anxiety; AF = affective flattening;
HM = hypomania; OV = overactivity; SL = slowness;
ED = special features of depression; AG = agitation;
NG = self-neglect; IR = ideas of reference; TE = tension;
LE = lack of energy; WO = worrying; IT = irritability;
SU = social unease; IC = loss of interest and concentration;
OD = other symptoms of depression.
Source. Reprinted with permission from Lipsey JR, Spencer
WC, Rabins PV, et al: “Phenomenological Comparison of
Functional and Post-stroke Depression.” American Journal of
Psychiatry 143:527–529, 1986.



Clinical-pathological correlates and mecha-
nism. In several prospective studies using different
samples of stroke patients, we have consistently found a
significant association between poststroke depression and
lesion location: patients with major poststroke depression

showed a significantly higher frequency of lesions in ante-
rior areas of the left hemisphere, namely the left frontal
dorsolateral cortex and the head of the caudate nucleus
(Robinson et al. 1984; Starkstein et al. 1987). Among pa-
tients with right-hemisphere stroke lesions, those with
frontal or parietal damage showed the highest frequency of
depression (Starkstein et al. 1989). Although some, but not
all, of these findings have been replicated by other investi-
gators (Eastwood et al. 1989; House et al. 1991; Morris et
al. 1992), a consensus has emerged that there is a significant
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FIGURE 27–2. Johns Hopkins Functioning Inventory
(JHFI) scores in the hospital and at 2-year follow-up in pa-
tients who were depressed or nondepressed. Higher scores on
the JHFI indicate greater impairment in activities of daily liv-
ing. There was a significant group-by-time interaction, with
the nondepressed patients having significantly lower (i.e., less
impaired) scores than the depressed patients at 2-year fol-
low-up.
* P < .05.
Source. Reprinted with permission from Parikh RM, Robin-
son RG, Lipsey JR, et al: “The Impact of Post-Stroke
Depression on Recovery in Activities of Daily Living Over
Two-Year Follow-Up.” Archives of Neurology 47:785–789,
1990.

FIGURE 27–3. Performance on the nine cognitive do-
mains by depressed and nondepressed patients with left- or
right-hemisphere stroke.
aP < .05 comparing depressed and nondepressed groups using
one-way analysis of variance (ANOVA).
bP < .01 comparing depressed and nondepressed groups using
one-way ANOVA.
Source. Reprinted with permission from Bolla-Wilson K,
Robinson RG, Starkstein SE, et al: “Lateralization of Demen-
tia of Depression in Stroke Patients.” American Journal of Psy-
chiatry 146:627–634, 1989.



correlation between the proximity of the lesion to the fron-
tal pole and the severity of depression.

In 1981, we first reported that in a group of 29 patients
with left-hemisphere lesions produced by trauma or stroke
there was an inverse correlation between severity of de-
pression and distance of the anterior border of the lesion
from the frontal pole (r = −.76, P < .001) (Figure 27–4)
(Robinson and Szetela 1981). Since then, using computed
tomographic (CT) imaging, we found the same phenome-
non in another group of 10 right-handed patients with sin-
gle stroke lesions of the anterior left hemisphere (r = −.92,
P < .001) (Robinson et al. 1984). When patients with le-
sions in the left posterior hemisphere were added (n = 18),
the correlation decreased (r = −.54, P < .05) (Table 27–2).
This inverse correlation was also found in other groups of
patients with purely cortical lesions of the left hemisphere
(n = 16; r = −.52, P < .05) (Starkstein et al. 1987), purely
left-sided subcortical lesions (n = 13) (r = −.68, P < .01)
(Starkstein et al. 1987), and single left-hemisphere lesions
in left-handed patients (n = 13; r = −.78, P < .01) (Robin-
son et al. 1985). This phenomenon has now been replicated
by four different groups of investigators using patients
from Canada, England, and Australia (Table 27–2).

Some investigators have found a correlation between
severity of depression and proximity of the lesion to the
frontal pole in combined right- and left-hemisphere lesion
groups, whereas others found it only with left-sided lesions

(Table 27–2). Although there is some difference in the
strength of this correlation (and therefore the amount of
variance in severity of depression explained by lesion loca-
tion), this phenomenon has emerged as one of the most
consistent and robust clinical-pathological correlations
ever described in neuropsychiatry. Future experiments
aimed at elucidating the mechanism of poststroke depres-
sion must provide an explanation for this remarkably con-
sistent phenomenon.

The mechanism by which left anterior lesions produce
depression is not known. One possibility is that both the
frontal dorsolateral cortex and the dorsal caudate nucleus
play an important role in mediating locomotor, intellec-
tual, and instinctive behavior through their connection
with the supplementary motor area, temporoparietal asso-
ciation cortex, and limbic system. A lesion of these anterior
brain areas may result in low activation of locomotor, sen-
sory, or limbic areas and produce the autonomic and affec-
tive symptoms of depression. We (Robinson et al. 1984)
have suggested that biogenic amines may also play an im-
portant role in poststroke depression. The anatomy of
these pathways (i.e., they begin in brainstem nuclei and as-
cend through subcortical regions, around the corpus callo-
sum to the posterior cortex) may explain the correlations
with lesion location, as anterior lesions close to the frontal
pole would interrupt more “downstream” pathways than
posterior lesions (Robinson et al. 1984).

Treatment. In a randomized, double-blind, and pla-
cebo-controlled study of the efficacy of treatment of
poststroke depression, we demonstrated the utility of the
tricyclic antidepressant nortriptyline in the treatment of
poststroke depression (Lipsey et al. 1984). Patients re-
ceived 25 mg for 1 week, 50 mg for 2 weeks, 75 mg for
1 week, and 100 mg for 2 weeks. The group receiving the
active drug (11 completed the study) showed a significant
decrease in depression scores compared with the placebo
group (15 completed) (Figure 27–5). Side effects were ob-
served in 6 of 17 patients: 3 developed delirium, 1 had syn-
cope, 1 complained of oversedation, and 1 complained of
dizziness.

Andersen et al. (1994a) demonstrated the efficacy of
the selective serotonin reuptake inhibitor citalopram in a
6-week double-blind, placebo-controlled trial that in-
cluded 66 patients with poststroke depression. Signifi-
cantly greater mood improvement was demonstrated in
patients treated with 10 to 40 mg/day of citalopram com-
pared with the placebo group. The only significant side ef-
fects of citalopram were nausea and vomiting during the
first week of treatment.

One other controlled study demonstrated the useful-
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FIGURE 27–4. Relationship between severity of depres-
sion as measured by overall depression score and mean dis-
tance of the lesion from the frontal pole for patients with
lesions that extended into the frontal lobe. The closer the
lesion was to the frontal pole, the greater the depression was
(r = − .76, P < .001).
Source. Reprinted with permission from Robinson RG,
Szetela B: “Mood Change Following Left Hemispheric Brain
Injury.” Annals of Neurology 9:447–453, 1981.



ness of another antidepressant drug (trazodone) for
poststroke depression (Reding et al. 1986). Depressed pa-
tients taking trazodone were found to have greater im-
provements in ADL scores than were patients treated with
placebo. This trend became statistically significant when

the treatment groups were restricted to patients with ab-
normal dexamethasone tests. Although antidepressants are
effective in the treatment of poststroke depression, the
high rate of complications such as delirium dictate that
tricyclic drugs should be used cautiously in elderly stroke
patients.

Poststroke Anxiety

Although anxiety is one of the most frequent complaints in
the general population, it has rarely been the focus of em-
pirical research among stroke patients.

Phenomenology and frequency. In a study on
the prevalence of anxiety disorders in stroke patients, we
examined 309 patients admitted to the hospital with acute
stroke using DSM-III criteria for generalized anxiety dis-
orders (Castillo et al. 1993). We found that 78 patients
(26.9%) met criteria for generalized anxiety disorder,
whereas the prevalence of anxiety in the chronic stage was
23% (Castillo et al. 1995). In a 3-year longitudinal study,
Aström (1996) found a prevalence of anxiety in the acute
poststroke period of 28%, and there was no significant de-
crease through the 3 years of follow-up. However, the pres-
ence of the disorder was strongly associated with the pres-
ence of depression, as 58 of 78 stroke patients meeting
criteria for generalized anxiety disorder in the study by
Castillo et al. (1993) were also depressed. Thus, although
generalized anxiety disorder is a common finding among
stroke patients, it frequently coexists with depression. A re-
cent study by Shimoda and Robinson (1998) demonstrated
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TABLE 27–2. Depression severity and proximity of lesion to frontal pole

Study N patients Patient population Lesion hemisphere Correlation P
Robinson and Szetela

1981
29 Stroke or trauma Left −.76 < .001

Robinson et al. 1984 10 Single stroke, right handed Left anterior −.92 < .001
18 Single stroke, right handed Left anterior and

posterior
−.54 < .05

Lipsey et al. 1983 15 Bilateral stroke lesions Left only −.65 < .01
Robinson et al. 1985 13 Left handed, single stroke Left −.78 < .01
Starkstein et al. 1987 16 Cortical lesions only Left −.52 < .05

13 Subcortical lesion only Left −.68 < .01
Sinyor et al. 1986 27 Single stroke Left and right −.47 < .05
Eastwood et al. 1989 11 Single stroke Left −.74 < .01
House et al. 1991 63 Single stroke Left and right −.28 < .01

33 6 months Left −.38 < .05
Morris et al. 1992 14 Single stroke remove

prior depression
Left −.87 < .001

FIGURE 27–5. Hamilton depression scores during 6 weeks
of treatment for poststroke depression.
Source. Reprinted with permission from Lipsey JR, Robinson
RG, Pearlson GD, et al: “Nortriptyline Treatment of
Post-Stroke Depression: A Double-Blind Treatment Trial.”
Lancet 1:297–300, 1984.
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a significant interaction of depression and anxiety in
stroke. In this study, patients with both anxiety and depres-
sion had greater impairment in ADLs at long-term fol-
low-up and worse recovery in social functioning than
nondepressed patients.

Clinical correlates and mechanism. We exam-
ined the clinical and lesion correlates of anxiety and depres-
sion in the study of 309 patients with acute stroke (Castillo
et al. 1993). The anxious and nonanxious groups were not
significantly different in their demographic backgrounds
or neurological findings. The nondepressed anxious pa-
tients, however, had a significantly higher frequency of al-
coholism than did the nonanxious patients (26% general-
ized anxiety disorder versus 8% nonanxious, P < .05).
When patients with both generalized anxiety disorder and
depression were compared to patients with depression
only, patients with anxiety and depression had a signifi-
cantly higher frequency of cortical lesions (mainly left
frontal), whereas the patients with depression only had a
significantly higher frequency of subcortical lesions
(mainly left basal ganglia) (Starkstein et al. 1990b). Among
the anxious patients without depression, 67% had
right-hemisphere lesions compared with 43% of the anx-
ious depressed patients (P = .04) (Castillo et al. 1993).
Finally, among patients with right-hemisphere lesions, the
anxious patients had lesions that were significantly more
posterior than those of the nonanxious patients (P = .038)
(Castillo et al. 1993). Aström (1996) found that at the acute

stage after stroke, anxiety plus depression was associated
with left-hemisphere lesions, whereas anxiety alone was as-
sociated with right-hemisphere lesions.

Although the mechanism of anxiety is still unknown,
several studies have reported a significant decrease in corti-
cal metabolic activity with increased anxiety, as well as a
lack of correlation between the severity of anxiety and
subcortical metabolic rate (Bartlett et al. 1988; Gur et al.
1987). This is in agreement with our finding of signifi-
cantly more severe anxiety after cortical lesions than after
subcortical lesions and suggests a critical role for corti-
cal-subcortical interaction in the modulation of anxious
states.

Poststroke Apathy

Apathy is the absence or lack of feeling, emotion, interest,
or concern and has been reported frequently among stroke
patients. We examined a consecutive series of 80 patients
with single stroke lesions and no significant impairment in
comprehension using the Apathy Scale (Figure 27–6). We
demonstrated both the validity and reliability of this scale
in the assessment of apathy in patients with cerebro-
vascular lesions (Starkstein et al. 1993a). A score of 14 on
this scale separated apathetic from nonapathetic patients
with high sensitivity and specificity.

Prevalence and clinical correlates. In a study
of poststroke apathy (Starkstein et al. 1993a), we found that

Questions Not at all Slightly Some A lot
1. Are you interested in learning new things? ! ! ! !

2. Does anything interest you? ! ! ! !

3. Are you concerned about your condition? ! ! ! !

4. Do you put much effort into things? ! ! ! !

5. Are you always looking for something to do? ! ! ! !

6. Do you have plans and goals for the future? ! ! ! !

7. Do you have motivation? ! ! ! !

8. Do you have the energy for daily activities? ! ! ! !

9. Does someone have to tell you what to do each day? ! ! ! !

10. Are you indifferent to things? ! ! ! !

11. Are you unconcerned with many things? ! ! ! !

12. Do you need a push to get started on things? ! ! ! !

13. Are you neither happy nor sad, just in between? ! ! ! !

14. Would you consider yourself apathetic? ! ! ! !

Note. For questions 1–8, the scoring system is the following: not at all = 3 points; slightly = 2 points; some = 1 point; a lot = 0 points.
For questions 9–14, the scoring system is the following: not at all = 0 points; slightly = 1 point; some = 2 points; a lot = 3 points.

FIGURE 27–6. Apathy scale.



9 of 80 patients (11%) showed apathy as their only psychi-
atric disorder, whereas another 11% had both apathy and
depression. The only demographic correlate of apathy was
age, as apathetic patients (with or without depression) were
significantly older than were nonapathetic patients. Also,
apathetic patients showed significantly more severe defi-
cits in ADLs, and there was a significant interaction be-
tween depression and apathy (i.e., Johns Hopkins Func-
tioning Inventory [JHFI] scores were 4.8 ± 4.0 for patients
with no disorder, 6.21 ± 3.9 for depressed patients,
7.6 ± 5.8 for apathetic patients, and 13.7 ± 5.5 for depres-
sed and apathetic patients; effect of apathy P < .001, effect
of depression P < .002, and interaction P = .05).

Clinical-pathological correlates and mecha-
nism of poststroke apathy. Patients with apathy
(without depression) showed a significantly higher fre-
quency of lesions involving the posterior limb of the inter-
nal capsule compared with patients with no apathy
(Starkstein et al. 1993a). Lesions in the internal globus
pallidus and the posterior limb of the internal capsule have
been reported to produce important behavioral changes,
such as motor neglect, psychic akinesia, and akinetic
mutism (Helgason et al. 1988). The ansa lenticularis is one
of the main internal pallidal outputs, and it ends in the
pedunculopontine nucleus after going through the poste-
rior limb of the internal capsule (Nauta 1989). In rodents,
this pathway has a prominent role in goal-oriented behav-
ior (Bechara and van der Kooy 1989), and dysfunction of
this system may explain the presence of apathy in stroke pa-
tients.

Poststroke Psychosis

The phenomenon of hallucinations and delusions in stroke
patients has been called agitated delirium, acute atypical psy-
chosis, peduncular hallucinosis, release hallucinations, or acute
organic psychosis. We consider secondary hallucinations to be
sensory perceptions in the absence of appropriate stimuli,
with the important qualifications that, first, the patient be-
lieves the (nonexistent) sensory perception is real, and, sec-
ond, this disorder started after a lesion. We use the term sec-
ondary hallucinosis to refer to a perception without a
stimulus, when the patient does not believe the (nonexis-
tent) sensory perception is real and the disorder occurs af-
ter a stroke lesion. Finally, we use the term secondary psycho-
sis to refer to patients who develop either secondary
hallucinations or secondary hallucinosis after stroke le-
sions. Patients with secondary psychosis, hallucination
type, are delusional (i.e., they do not recognize the percep-
tion as false), whereas those with secondary psychosis,

hallucinosis type, are usually not delusional unless there is
some other independent delusional idea.

Prevalence and clinical-pathological corre-
lates. In a study of secondary psychosis after stroke le-
sions, we (Rabins et al. 1991) found a very low prevalence of
this phenomenon among stroke patients (only five in more
than 300 consecutive admissions). All five patients had
right-hemisphere lesions, primarily involving fronto-
parietal regions. When compared with five age-matched
patients with cerebrovascular lesions in similar locations
but no psychosis, patients with secondary psychosis had
significantly greater subcortical atrophy, as manifested by
significantly larger areas of both the frontal horn of the lat-
eral ventricle and the body of the lateral ventricle (mea-
sured on the side contralateral to the brain lesion). Several
other investigators have reported a high frequency of sei-
zures among patients with secondary psychosis (e.g., Le-
vine and Finklestein 1982). These seizures usually started
after the brain lesion but before the onset of psychosis. We
also found seizures in three of our five patients with
poststroke psychosis, compared with none of the five
poststroke nonpsychotic control subjects.

Mechanism. We conclude from these observations
that three factors may be important in the mechanism of
secondary psychosis, hallucination type: a right-
hemisphere lesion involving the temporoparietal cortex,
seizures, and subcortical brain atrophy. The mechanism of
secondary hallucinosis is even less clear than secondary
hallucinations. Although in the literature most patients
with secondary hallucinosis had peduncular lesions, pa-
tients with lesions in other brain areas, such as the
diencephalon, also showed the phenomenon (Cascino and
Adams 1986; Geller and Bellur 1987). These lesions have
frequently been found to involve primary sensory path-
ways, mainly visual and auditory. Thus, secondary
hallucinosis may be a “release phenomenon” secondary to
damage to reticular activating brainstem pathways, and the
presence of primary sensory deficits in these patients may
be a necessary predisposing factor.

In conclusion, secondary psychosis is a rare finding in
stroke patients. We believe that there are at least two types
of secondary psychosis. The first is the hallucination type,
which is characterized by hallucinations perceived by the
patient as real and may result from right temporoparietal
lesions in the presence of preexisting subcortical brain at-
rophy and poststroke seizures. The second is the
hallucinosis type, which is characterized by hallucinations
perceived by the patient as unreal and may be secondary to
lesions in primary sensory or reticular activating pathways.
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Anosognosia

The term anosognosia was coined by Babinski (1914) to de-
scribe the lack of awareness of hemiplegia, but it was later
used to refer to the unawareness of other poststroke defi-
cits, such as cortical blindness, hemianopia, and amnesia
(Heilman 1991).

Prevalence and clinical correlates. We exam-
ined the prevalence of anosognosia in a consecutive series
of 80 patients with single acute stroke lesions (Starkstein et
al. 1992). We developed an anosognosia questionnaire
(Figure 27–7), which we used to determine the existence of
anosognosia. To rate the severity of this phenomenon, we
also developed the Denial of Illness Scale (Figure 27–8),
which allows the classification of patients into those with
mild, moderate, or severe anosognosia. Patients with apha-
sia were included only if they had intact verbal comprehen-
sion as measured by their ability to complete Part 1 of the
Token Test (De Renzi and Vignolo 1962). The assessment
of anosognosia, however, examined only motor, sensory,
and visual field disturbances and did not evaluate
anosognosia for aphasia.

The first important finding from this study was that
about one-third of this consecutive series of patients had
anosognosia (19% mild, 11% moderate, and 13% severe)
(Starkstein et al. 1992). We also examined potential corre-
lates of anosognosia and found this phenomenon to be sig-
nificantly associated with the presence of a neglect syn-
drome (i.e., failure to respond to or orient to stimuli
contralateral to the lesion), as well as deficits in recognizing
facial emotions and the emotional content of speech (pros-
ody). There also was a significant association between
anosognosia and right-hemisphere lesions involving the
temporal and parietal lobes, thalamus, and basal ganglia.

Two important negative findings should be noted.
First, the frequency of depression was similar among pa-
tients with and without anosognosia. Thus the existence of
anosognosia does not preclude stroke patients from experi-
encing or reporting depressive feelings. Second,
anosognosic patients did not show more severe sensory
deficits than did nonanosognosic patients (i.e., anosog-
nosia is not related to the presence of sensory deficits)
(Starkstein et al. 1992).

Mechanism. In our study (Starkstein et al. 1992), we
found that brain atrophy, probably preexisting the brain le-
sion, may have been an important predisposing factor for
anosognosia, as anosognosic patients had significantly
more frontal subcortical and diencephalic atrophy (but not
cortical atrophy) than did patients with no anosognosia.
Moreover, patients with anosognosia had significantly
more deficits in frontal lobe–related cognitive tasks than
did patients with no anosognosia but with lesions in similar
brain areas.

These findings suggest that lesions in specific cortical
and subcortical areas of the right hemisphere, although
necessary, may not be sufficient to produce anosognosia;
concomitant frontal lobe dysfunction (as expressed by
frontal subcortical atrophy and deficits in frontal lobe–
related cognitive tasks) may be necessary to produce the
syndrome.

Heilman (1991) proposed that anosognosia may result
from a dysfunction of a system that monitors the intention
to move as well as the actual performance of movements.
This mismatch between the intention to move and the (lack
of) movement may convey the impression that the move-
ment was actually performed and that the limb is normal.
The systems monitoring single sensory and motor modali-
ties may be located in the right parietal lobe, whereas the
frontal lobe may constitute a supramodal monitoring
structure.

In conclusion, anosognosia is present in one-third of
acute stroke patients and is significantly associated with
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1. Why are you here?
2. What is the matter with you?
3. Is there anything wrong with your arm or leg?
4. Is there anything wrong with your eyesight?
5. Is your arm or leg weak, paralyzed, or numb?
6. How does your arm or leg feel?
If denial is elicited ask the following:

a. (pick up the patient’s arm) What is this?
b. Can you lift it?
c. Do you have some problem with this?
d. (ask the patient to lift both arms) Can you see that your

two arms are not at the same level?
e. (ask the patient to identify finger movements in and out of

the abnormal visual field) Can’t you see that you have
a problem with your eyesight?

Scoring
0, The disorder is spontaneously reported or mentioned

following a general question about the patient’s
complaints.

1, The disorder is reported only after a specific question about
the strength of the patient’s limb, or visual problems.

2, The disorder is acknowledged only after its demonstration
through routine techniques of neurological examination.

3, The disorder is not acknowledged.

FIGURE 27–7. Anosognosia questionnaire.



right-hemisphere lesions in the temporoparietal cortex,
basal ganglia, or thalamus. The presence of neglect and
frontal lobe dysfunction may constitute important predis-
posing factors.

Catastrophic Reaction

Catastrophic reaction is a term coined by Goldstein (1939) to
describe the “inability of the organism to cope when faced
with physical or cognitive deficits.” It is expressed by anxi-
ety, tears, aggressive behavior, swearing, displacement, re-
fusal, renouncement, and, sometimes, compensatory
boasting.

Prevalence and clinical correlates. The cata-
strophic reaction has been reported to be a frequent finding
among aphasic patients (Gainotti 1972) and has been given
the status of a separate neuropsychiatric syndrome. There
are no empirical studies regarding the construct validity of
the catastrophic reaction, however, and it is possible that
the catastrophic reaction may represent a symptom of a
major depressive syndrome or anxiety disorder in stroke
patients. To empirically examine this issue, we evaluated a
consecutive series of 62 patients by using the Catastrophic
Reaction Scale (CRS), which we developed to assess the ex-
istence and severity of the catastrophic reaction (Figure
27–9). We have demonstrated the CRS to be a reliable in-
strument in the measurement of catastrophic reaction

symptoms (Starkstein et al. 1993b).
We identified the catastrophic reaction in 12 of 62 con-

secutive patients (19%) with acute stroke lesions
(Starkstein et al. 1993b). Three major findings emerged
from this study. First, patients with catastrophic reaction
were found to have a significantly higher frequency of fa-
milial and personal history of psychiatric disorders (mostly
depression) than were patients without the catastrophic re-
action. Second, catastrophic reaction was not significantly
more frequent among aphasic than with nonaphasic pa-
tients, which does not support the suggestion that cata-
strophic reaction is more frequent among “frustrated”
aphasic patients (Gainotti 1972). Third, 9 (75%) of the 12
patients with catastrophic reaction also had major depres-
sion, 2 (17%) had minor depression, and only 1 (8%) was
not depressed. On the other hand, among patients without
catastrophic reaction (i.e., 50 patients), 7 (14%) had major
depression, 6 (12%) had minor depression, and 37 (74%)
were not depressed. Thus catastrophic reaction was signifi-
cantly associated with major depression (χ2 = 20.9, df = 2,
P = .0001). Moreover, patients with a catastrophic reaction
had significantly higher scores on the Hamilton Anxiety
and Depression Scales compared with patients with no cat-
astrophic reaction.

Mechanism. Patients with a catastrophic reaction had
a significantly higher frequency of lesions involving the
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Items Scoring
1. Patient minimizes present symptoms (at interview). 0 (no) 1 (once or twice) 2 (more than

twice)
2. Patient alludes to there being nothing really wrong with

her or him and that she or he is ready to go home.
0 (no) 1 (once or twice) 2 (more than

twice)
3. Patient (past or present) displaces source of symptoms to

organs other than brain or complains of symptoms unrelated
to the central nervous system.

0 (no) 1 (once or twice) 2 (more than
twice)

4. Patient at any time admits to fear of death. 0 (yes) 1 (no)
5. Patient at any time admits to fear of invalidism. 0 (yes) 1 (no)
6. Patient verbally denies being in the hospital. 0 (not at all) 1 (sometimes) 2 (every time)
7. Patient displays, at least on the surface, a carefree, cheerful,

jovial approach to life.
0 (no) 1 (once or twice) 2 (more than

twice)
8. Patient’s behavior during interview is characterized by

nonchalance, coolness, imperturbability.
0 (no) 1 (once or twice) 2 (more than

twice)
9. Patient displaces fear for his or her own illness to family,

older patients, weaker patients, and so on.
0 (no) 1 (at least 1 time

during the interview)
10. Patient projects illness or weakness to family, spouse,

and so on.
0 (no) 1 (at least 1 time during

the interview)

FIGURE 27–8. Denial of Illness Scale.



basal ganglia (Starkstein et al. 1993b). When 10 depressed
patients with a catastrophic reaction were compared to 10
depressed patients without a catastrophic reaction, the cat-
astrophic reaction group showed significantly more ante-
rior lesions, which were located mostly in subcortical re-
gions (8 of 9 depressed patients with catastrophic reaction
had subcortical lesions; 3 of 9 depressed patients without
catastrophic reaction had subcortical lesions) (χ2 = 5.84,
df = 1, P = .01).

We may conclude from the above evidence that the
catastrophic reaction is not just a behavioral response of pa-
tients confronted with their limitations, as patients with
and without a catastrophic reaction showed a similar fre-
quency of aphasia and physical impairments. On the con-
trary, the catastrophic reaction seems to characterize a
specific type of poststroke major depression (i.e., major de-
pressions associated with anterior subcortical lesions). An-

terior brain lesions (both cortical and subcortical) have
been consistently associated with poststroke depression.
Subcortical damage, however, has usually been hypothe-
sized to underlie the “release” of emotional display by re-
moving inhibitory input to the limbic areas of the cortex
(Ross and Stewart 1987).

In conclusion, the catastrophic reaction occurs in
about 20% of stroke patients (Starkstein et al. 1993b),
mainly among those with a positive familial or personal his-
tory of psychiatric disorders. The catastrophic reaction is
significantly associated with major depression and may be
mediated by a release of emotional display produced by an-
terior subcortical lesions. Thus the catastrophic reaction
may not represent an independent clinical syndrome but
may be a behavioral and emotional expression of depressed
patients with anterior subcortical damage.

Emotional Lability

Emotional lability is a common complication of stroke le-
sions. It is characterized by sudden, easily provoked epi-
sodes of crying, which, although occurring frequently,
generally occur in appropriate situations and are accompa-
nied by a congruent mood change. Pathological laughing
and crying is a more severe form of emotional lability and is
characterized by episodes of laughing and/or crying that
are not appropriate to the context. They may appear spon-
taneously or may be elicited by nonemotional events and
do not correspond to underlying emotional feelings. Other
terms that have been applied to these disorders are emo-
tional incontinence and pseudobulbar affect.

Prevalence and clinical correlates. We exam-
ined the clinical correlates and treatment of emotional
lability (including pathological laughter and crying) in 28
patients with either acute or chronic stroke (Robinson et al.
1993). We developed a Pathological Laughter and Crying
Scale (PLACS) (Appendix 27–1) to assess the existence and
severity of emotional lability. We demonstrated in 18 treat-
ment patients and 54 acute stroke patients the reliability
and validity of this instrument in the assessment of emo-
tional lability (Robinson et al. 1993). We also found that
PLACS scores did not correlate with either Hamilton De-
pression Scale scores, Mini-Mental State Exam scores,
ADL scores, or Social Ties scores, indicating that the
PLACS was assessing a factor other than the ones being
measured by these instruments.

A double-blind drug trial of nortriptyline was con-
ducted in 31 patients with emotional lability (Robinson et
al. 1993). After randomization, patients were given active
drug or placebo in a single bedtime dose. Patients were first
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1. Patient appeared to be anxious (i.e., patient showed an
apprehensive attitude or expressed fears).

2. Patient complained of feeling anxious or afraid
(i.e., patient referred to feeling tense or having
psychological concomitants of anxiety).

3. Patient became tearful (i.e., patient cried at some point
during the evaluation).

4. Patient complained of feeling sad or depressed
(i.e., patient spontaneously reported sad feelings during
the evaluation).

5. Patient behaved in angry manner (i.e., patient shouted,
contradicted the examiner, or performed tasks in a
careless way).

6. Patient complained of feeling angry (i.e., patient reported
being upset with the evaluation and/or the examiner).

7. Patient swore (i.e., patient swore at some point during the
evaluation).

8. Patient expressed displaced anger (i.e., patient
complained about the hospital, doctors, and fellow
patients).

9. Patient refused to do something (i.e., patient stopped
doing a task or refused to answer some questions).

10. Patient described a feeling of suddenly becoming
depressed or hopeless (i.e., patient reported feeling
worthless and sad and had a lack of confidence).

11. Patient boasted about self (i.e., patient reported being
able to perform the tasks flawlessly; he or she explained
failures as due to lack of concentration and tiredness).

Note. Scoring key: 0 = none; 1 = slight (once during the interview);
2 = moderate (several times during the interview); 3 = extreme (most
of the interview).

FIGURE 27–9. Catastrophic Reaction Scale.



given 25 mg of nortriptyline for 1 week, then 50 mg for 2
weeks, 70 mg for 1 week, and 100 mg for the last 2 weeks of
the study. One patient dropped out during the study, and
two patients withdrew before initiation of the study; there
were 28 who completed the 6-week protocol. Patients re-
ceiving nortriptyline showed significant improvements in
PLACS scores compared with the placebo-treated pa-
tients; these differences became statistically significant at
weeks 4 and 6 (Figure 27–10). Although a significant im-
provement in depression scores also was observed, im-
provements in PLACS scores were significant for both de-
pressed and nondepressed patients with pathological
laughing and crying, indicating that treatment response
was not related simply to an improvement in depression.

Mechanism. Pseudobulbar affect has classically been
explained as being secondary to the bilateral interruption
of neocortical upper motor neuron innervation of bulbar
motor nuclei (Poeck 1969). The finding that emotional
lability can be successfully treated with tricyclic drugs sug-
gests that biogenic amine systems may also play a role in the
pathogenesis of this disorder. Andersen et al. (1994b) re-
ported that stroke patients with relatively large bilateral
pontine lesions had more severe pathological crying than
did patients with cortical or subcortical hemisphere le-

sions; the researchers speculated that pathological crying
may result from partial destruction of the serotonergic
raphe nuclei or their ascending projections to the hemi-
spheres.

In conclusion, our study (Robinson et al. 1993) sug-
gests that poststroke depression and emotional lability are
independent phenomena, although they may coexist.
Moreover, we also found that both depressed and
nondepressed patients with emotional lability showed sig-
nificant improvements in the severity of their emotional
lability after treatment with nortriptyline.

Mania

Prevalence and clinical correlates. Mania, or
disinhibited behavior, is a relatively rare consequence of
acute stroke lesions. Using DSM-III criteria for affective
disorder, manic type, we found only three cases of second-
ary mania among a consecutive series of 309 acute stroke
patients in an unpublished study. On the other hand, sec-
ondary mania is more frequent among patients with trau-
matic brain injury. In a study of 66 patients with acute trau-
matic brain injury (Jorge et al. 1993), we found six cases
(9%) of secondary mania. Patients with traumatic brain in-
jury frequently sustain damage to orbitofrontal and
basotemporal cortical areas, which may be related to the
mechanism of mania. These brain areas are rarely damaged
in stroke patients, and this difference in the frequency of
frontal and temporal cortical injury between traumatic and
ischemic brain injury may explain the different prevalence
of mania in these two populations. Cummings and Mendez
(1984) found right thalamic stroke lesions in two cases of
secondary mania.

In a series of 17 patients with post–brain-injury mania,
we (Robinson et al. 1988) reported a high frequency of le-
sions involving the basal and polar areas of the right tempo-
ral lobe and subcortical areas of the right hemisphere, such
as the head of the caudate nucleus and right thalamus. Simi-
lar lesion location was recently reported in patients with bi-
polar affective disorder (Berthier et al. 1996). In a study
using positron-emission tomography (PET) with
[18F]fluorodeoxyglucose, we (Starkstein et al. 1990a) exam-
ined metabolic abnormalities in three patients with mania
following right basal ganglia strokes. The patients had fo-
cal hypometabolic deficits in the right basotemporal cor-
tex. This finding suggested that lesions leading to second-
ary mania may do so through their distant effects on the
right basotemporal cortex. This phenomenon of lesions
producing distant effects is a well-recognized consequence
of some brain lesions and has been termed diaschisis.
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FIGURE 27–10. Mean Pathological Laughter and Crying
Scale (PLACS) scores during 6 weeks of double-blind treat-
ment. The nortriptyline-treated group had significantly lower
(more improved) PLACS scores at 4 (t = 3.9, df = 26,
P = .0005) and 6 (t = 5.1, df = 26, P = .0001) weeks of treat-
ment compared with the placebo-treated group.
Source. Adapted from Robinson et al. 1993.



Because not every patient with a right orbitofrontal or
basotemporal lesion develops a manic syndrome, we have
also looked for potential predisposing factors for second-
ary mania (Robinson et al. 1988; Starkstein et al. 1987). In
these studies, we found that patients with secondary mania
had a significantly higher frequency of familial history of
psychiatric disorders, as well as significantly more
subcortical brain atrophy (as determined by increased ven-
tricular-to-brain ratios), than did patients with similar
brain lesions but no mania. Interestingly, those patients
without a genetic predisposition had significantly more
subcortical atrophy than did secondary mania patients with
a genetic burden, suggesting that subcortical atrophy and
genetic predisposition may be independent risk factors for
mania following brain injury.

Mechanism. To postulate a mechanism for secondary
mania, two clinical-pathological correlations need to be
explained. First, most lesions associated with secondary
mania involve, directly or indirectly, limbic or limbic-
related areas of the brain. Second, virtually all of these le-
sions are localized to the right hemisphere.

The basotemporal cortex appears to be a crucial area in
the production of mania. This paralimbic area receives
projections from secondary sensory and multimodal asso-
ciation regions (e.g., the frontal, temporal, and parietal as-
sociation areas), limbic regions, and paralimbic areas (e.g.,
the insula and the parahippocampal gyrus) (Moran et al.
1987). The basotemporal cortex is strongly connected to
the orbitofrontal cortex through the uncinate fasciculus,
and both may exert a tonic inhibitory control over limbic
and dorsal cortical regions. Thus, lesions or dysfunction of
these areas may result in motor disinhibition (i.e., hyperac-
tivity and pressured speech), intellectual disinhibition (i.e.,
flight of ideas and grandiose delusions), and instinctive
disinhibition (i.e., hyperphagia and hypersexuality).

The second finding, which needs to be incorporated
into any explanation of poststroke mania, is that the manias
almost always occur following right-hemisphere lesions.
In our laboratory studies of the neurochemical and behav-
ioral effects of brain lesions in rats (Robinson 1979), we
found that small suction lesions in the right (but not left)
frontal cortex of rats produced a significant increase in lo-
comotor activity. Similar abnormal behavior was also
found after electrolytic lesions of the right (but not left) nu-
cleus accumbens (which is considered part of the ventral
striatum) (Kubos et al. 1987). Moreover, right fronto-
cortical suction lesions also produced a significant incre-
ment in dopaminergic turnover in the nucleus accumbens
that was not seen with left-hemisphere lesions (Starkstein
et al. 1988a). Thus it is possible that, in the presence of pre-

disposing factors such as a genetic burden or subcortical at-
rophy, significant increments in biogenic amine turnover
in the nucleus accumbens produced by specific
right-hemisphere lesions may be part of the mechanism
that results in a manic syndrome.

In conclusion, secondary mania is a rare complication
of stroke lesions. We have identified two risk factors: a ge-
netic burden for psychiatric disorders and increased
subcortical atrophy. Most patients with secondary mania
have right-hemisphere lesions that involve the orbito-
frontal or basotemporal cortex or subcortical structures,
such as the thalamus or head of the caudate nucleus. Sec-
ondary mania may result from disinhibition of dorsal corti-
cal and limbic areas and/or dysfunction of asymmetric
biogenic amine pathways.

Conclusions

We have discussed several of the emotional and behavioral
disorders that occur following cerebrovascular lesions (Ta-
ble 27–3). Depression occurs in about 40% of stroke pa-
tients, with approximately equal distributions of major de-
pression and minor depression. Patients with poststroke
depression often have a greater degree of cognitive impair-
ment (i.e., dementia of depression) and significantly less re-
covery in ADLs than do patients who never develop de-
pression. Poststroke depression is significantly associated
with left frontal and left basal ganglia lesions and may be
successfully treated with tricyclic antidepressants. Anxiety,
which is present in about 27% of stroke patients, is associ-
ated with depression in the vast majority of cases. Among
the few patients with poststroke anxiety and no depression,
there was a high frequency of alcoholism and lesions of the
right hemisphere. Apathy is present in about 20% of stroke
patients. It is associated with older age, more severe deficits
in ADLs, and a significantly higher frequency of lesions in-
volving the posterior limb of the internal capsule.

Hallucinations and hallucinosis are rare complications
of stroke lesions. Poststroke hallucinations are associated
with right-hemisphere temporoparietal lesions, subcorti-
cal brain atrophy, and seizures. Poststroke hallucinosis is
associated with damage to reticular activating and primary
sensory pathways. Anosognosia is present in about 30% of
patients with acute stroke lesions. It is associated with
right-hemisphere temporoparietal, basal ganglia, and
thalamic lesions; neglect; and subcortical brain atrophy.

Catastrophic reactions occur in about 20% of stroke
patients; they are not related to the severity of impairment
or the presence of aphasia but may represent a defining
symptom for one clinical type of poststroke major depres-
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sion. Catastrophic reactions are associated with anterior
subcortical lesions and may result from a “release” of emo-
tional display in depressed patients. Emotional lability is
another common complication of stroke lesions that some-
times coexists with depression and may be successfully
treated with tricyclic antidepressants. Finally, mania is a
rare complication of stroke lesions. It is strongly associated
with right-hemisphere damage involving the orbitofrontal
cortex, basal temporal cortex, thalamus, or basal ganglia.
Risk factors for mania include a family history of psychiat-
ric disorders and subcortical atrophy.

References

Adams RD, Victor M: Principles of Neurology. New York,
McGraw-Hill, 1985

American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, 3rd Edition. Washington,
DC, American Psychiatric Association, 1980

American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition. Washington,
DC, American Psychiatric Association, 1994

Andersen G, Vestergaard K, Lauritzen L: Effective treatment of
poststroke depression with the selective serotonin reuptake
inhibitor citalopram. Stroke 25:1099–1104, 1994a

Andersen G, Ingeman-Nielsen M, Vestergaard K, Riis JO:
Pathoanatomic correlation between poststroke pathologi-
cal crying and damage to brain areas involved in
serotonergic neurotransmission. Stroke 25:1050–1052,
1994b

Aström M: Generalized anxiety disorder in stroke patients: a 3
year longitudinal study. Stroke 27:270–275, 1996

Babinski J: Contribution a l’etude des troubles mentaux dans
l’hemiplegie organique cerebrale (anosognosie). Rev
Neurol (Paris) 27:845–848, 1914

Barry S, Dinan TG: Alpha-2 adrenergic receptor function in
post-stroke depression. Psychol Med 10:305–309, 1990

Bartlett EJ, Brodie JD, Wolf AP, et al: Reproducibility of cere-
bral glucose metabolic measurements in resting human
subjects. J Cereb Blood Flow Metab 8:502–512, 1988

Bechara A, van der Kooy D: The tegmental pedunculopontine
nucleus: a brainstem output of the limbic system critical for
the conditioned place preferences produced by morphine
and amphetamine. J Neurosci 9:3400–3409, 1989

Berthier ML, Kulisevsky J, Gironell A, Fernandez Benitez JA:
Poststroke bipolar affective disorder: subtypes, concurrent
movement disorders, and anatomical correlates.
J Neuropsychiatry Clin Neurosci 8:160–167, 1996

Bolla-Wilson K, Robinson RG, Starkstein SE, et al:
Lateralization of dementia of depression in stroke patients.
Am J Psychiatry 146:627–634, 1989

Caplan LR, Stein RW: Stroke: A Clinical Approach. Boston,
MA, Butterworth, 1986

Cascino GD, Adams RD: Brainstem auditory hallucinosis. Neu-
rology 36:1042–1047, 1986

Castillo CS, Starkstein SE, Fedoroff JP, et al: Generalized anxi-
ety disorder following stroke. J Nerv Ment Dis 181:
100–106, 1993

Castillo CS, Schultz SK, Robinson RG: Clinical correlates of
early onset and late-onset poststroke generalized anxiety.
Am J Psychiatry 152:1174–1179, 1995

616 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

TABLE 27–3. Poststroke neuropsychiatric syndromes

Neuropsychiatric syndrome Prevalence Neuropathological correlates
Depression

Major 10.25% Left frontal cortex and basal ganglia; enlarged ventricles
Minor 10%–40% Not established

Generalized anxiety
With depression 20% Left frontal cortex
Without depression 7% Right parietal cortex

Apathy
With depression 11% Left frontal cortex and basal ganglia
Without depression 11% Posterior internal capsule

Psychosis Unknown, rare Right parietal-temporal-occipital junction
Anosognosia 24%–43% Right hemisphere and enlarged ventricles; frontal

dysfunction
Catastrophic reaction 19% Anterior cortical lesion
Emotional lability 20% Bilateral injury
Mania Unknown, rare Right hemisphere, or bifrontal, basotemporal,

basal ganglia, and thalamus



Cummings JL, Mendez MF: Secondary mania with focal
cerebrovascular lesions. Am J Psychiatry 141:1084–1087,
1984

De Renzi E, Vignolo LA: The Token Test: a sensitive test to de-
tect disturbances in aphasics. Brain 85:665–678, 1962

Eastwood MR, Rifat SL, Nobbs H, et al: Mood disorder follow-
ing cerebrovascular accident. Br J Psychiatry 154:195–200,
1989

Everson SA, Roberts RE, Goldberg DE, et al: Depressive symp-
toms and increased risk of stroke mortality over a 29-year
period. Arch Intern Med 158:1133–1138, 1998

Fuh JL, Liu HC, Wang SJ, et al: Poststroke depression among
the Chinese elderly in a rural community. Stroke 28:
1126–1129, 1997

Gainotti G: Emotional behavior and hemispheric side of the
brain. Cortex 8:41–55, 1972

Geller TJ, Bellur SW: Peduncular hallucinosis: magnetic con-
firmation of mesencephalic infarction during life. Ann
Neurol 21:602–604, 1987

Goldstein K: The Organism: A Holistic Approach to Biology
Derived From Pathological Data in Man. New York,
American Books, 1939

Gur RC, Gur RE, Resnick SM, et al: The effect of anxiety on
cortical cerebral blood flow and metabolism. J Cereb Blood
Flow Metab 7:173–177, 1987

Hachinski V, Norris JW: The Acute Stroke. Philadelphia, PA,
FA Davis, 1985

Heilman KM: Anosognosia: possible neuropsychological mech-
anisms, in Awareness of Deficit After Brain Injury. Edited
by Prigatano GP, Schacter DL. New York, Oxford Univer-
sity Press, 1991, pp 53–62

Helgason C, Wilbur A, Weiss A, et al: Acute pseudobulbar
mutism due to discrete bilateral capsular infarction in the
territory of the anterior choroidal artery. Brain 111:
507–519, 1988

House A, Dennis M, Mogridge L, et al: Mood disorders in the
year after stroke. Br J Psychiatry 158:83–92, 1991

Jorge RE, Robinson RG, Starkstein SE, et al: Secondary mania
following traumatic brain injury. Am J Psychiatry
150:916–921, 1993

Kishi Y, Robinson RG, Kosier JT: Suicidal plans in patients with
stroke: comparison between acute-onset and delayed-onset
suicidal plans. Int Psychogeriatr 8:623–634, 1996

Kotila M, Numminen H, Waltimo O, Kaste M: Depression af-
ter stroke: results of the FINNSTROKE study. Stroke
29:368–372, 1998

Kraepelin E: Manic Depressive Insanity and Paranoia. Edin-
burgh, Livingstone, 1921

Kubos KL, Moran TH, Robinson RG: Mania after brain injury:
a controlled study of etiological factors. Arch Neurol
44:1069–1073, 1987

Levine DN, Finklestein S: Delayed psychosis after right
temporoparietal stroke or trauma: relation to epilepsy.
Neurology 32:267–273, 1982

Lipsey JR, Robinson RG, Peralson GD, et al: Mood change fol-
lowing bilateral hemisphere brain injury. Br J Psychiatry
143:266–273, 1983

Lipsey JR, Robinson RG, Pearlson GD, et al: Nortriptyline
treatment of post-stroke depression: a double-blind treat-
ment trial. Lancet 1:297–300, 1984

Lipsey JR, Robinson RG, Pearlson GD, et al: Dexamethasone
suppression test and mood following stroke. Am J Psychia-
try 142:318–323, 1985

Lipsey JR, Spencer WC, Rabins PV, et al: Phenomenological
comparison of functional and post-stroke depression. Am J
Psychiatry 143:527–529, 1986

Moran MA, Mufson EJ, Mesulam MM: Neural inputs into the
temporopolar cortex of the rhesus monkey. J Comp Neurol
256:88–103, 1987

Morris PLP, Robinson RG, Ralphael B: Prevalence and course
of depressive disorders in hospitalized stroke patients. Int J
Psychiatry Med 20:349–364, 1990

Morris PLP, Robinson RG, Ralphael B: Lesion location and de-
pression in hospitalized stroke patients: evidence support-
ing a specific relationship in the left hemisphere.
Neuropsychiatry Neuropsychol Behav Neurol 3:75–82,
1992

Morris PLP, Robinson RG, Andrezejewski P, et al: Association
of depression with 10-year post-stroke mortality. Am J Psy-
chiatry 150:124–129, 1993

Nauta WJH: Reciprocal links of the corpus striatum with the
cerebral cortex and the limbic system: a common substrate
for movement and thought? in Neurology and Psychiatry:
A Meeting of Minds. Edited by Muller J. Basel, Karger,
1989, pp 43–63

Paradiso S, Robinson RG: Gender differences in poststroke de-
pression. J Neuropsychiatry Clin Neurosci 10:41–47, 1998

Paradiso S, Ohkubo T, Robinson RG: Vegetative and psycho-
logical symptoms associated with depressed mood over the
first two years after stroke. Int J Psychiatry Med 27:
137–157, 1997

Parikh RM, Robinson RG, Lipsey JR, et al: The impact of
post-stroke depression on recovery in activities of daily liv-
ing over two-year follow-up. Arch Neurol 47:785–789,
1990

Poeck K: Pathophysiology of emotional disorders associated
with brain damage, in Handbook of Clinical Neurology.
Edited by Vinken PJ, Bruyn GW. Amsterdam,
North-Holland, 1969

Pohjasvaara T, Lepptlavuori, Siira I, et al: Frequencey and clini-
cal determinants of poststroke depression 29:2311–2317,
1998

Rabins PV, Starkstein SE, Robinson RG: Risk factors for devel-
oping atypical (schizophreniform) psychosis following
stroke. J Neuropsychiatry Clin Neurosci 3:6–9, 1991

Ramasubbu R, Robinson RG, Flint AJ, et al: Functional impair-
ment associated with acute post-stroke depression: the
stroke data bank study. J Neuropsychiatry Clin Neurosci
10:26–33, 1998

Stroke 617



Reding MJ, Orto LA, Winter SW, et al: Antidepressant therapy
after stroke: a double-blind trial. Arch Neurol 43:763–765,
1986

Robinson RG: Differential behavioral and biochemical effects
of right and left hemispheric cerebral infarction in the rat.
Science 105:707–710, 1979

Robinson RG, Szetela B: Mood change following left hemi-
spheric brain injury. Ann Neurol 9:447–453, 1981

Robinson RG, Starr LB, Kubos KL, et al: A two-year longitudi-
nal study of post-stroke mood disorders: findings during
the initial evaluation. Stroke 14:736–744, 1983

Robinson RG, Kubos KL, Starr LB, et al: Mood disorders in
stroke patients: importance of location of lesion. Brain
107:81–93, 1984

Robinson RG, Lipsey JR, Bolla-Wilson K, et al: Mood disor-
ders in left-handed stroke patients. Am J Psychiatry
142:1424–1429, 1985

Robinson RG, Bolla-Wilson K, Kaplan E, et al: Depression in-
fluences intellectual impairment in stroke patients. Br J
Psychiatry 148:541–547, 1986

Robinson RG, Bolduc P, Price TR: A two-year longitudinal
study of post-stroke depression: diagnosis and outcome at
one- and two-year follow-up. Stroke 18:837–843, 1987

Robinson RG, Boston JD, Starkstein SE, et al: Comparison of
mania with depression following brain injury: causal fac-
tors. Am J Psychiatry 145:172–178, 1988

Robinson RG, Parikh RM, Lipsey JR, et al: Pathological laugh-
ing and crying following stroke: validation of measurement
scale and double blind treatment study. Am J Psychiatry
150:286–293, 1993

Ross ED, Stewart RS: Pathological display of affect in patients
with depression and right frontal brain damage. J Nerv
Ment Dis 175:165–172, 1987

Shimoda K, Robinson RG: Effect of anxiety disorder on impair-
ment and recovery from stroke. J Neuropsychiatry Clin
Neurosci 10:34–40, 1998

Sinyor D, Jacques P, Kaloupek DG, et al: Post-stroke depres-
sion and lesion location: an attempted replication. Brain
109:537–546, 1986

Starkstein SE, Robinson RG: Neuropsychiatric aspects of cere-
bral vascular disorders, in The American Psychiatric Press
Textbook of Neuropsychiatry, 2nd Edition. Edited by
Yudofsky SC, Hales RE. Washington DC, American Psy-
chiatric Press, 1992, pp 449–472

Starkstein SE, Pearlson GD, Robinson RG: Mania after brain
injury: a controlled study of etiological factors. Arch
Neurol 44:1069–1073, 1987

Starkstein SE, Moran TH, Bowersox JA, et al: Behavioral ab-
normalities induced by frontal cortical and nucleus
accumens lesions. Brain Res 473:74–80, 1988a

Starkstein SE, Robinson RG, Berthier ML, et al: Differential
mood changes following basal ganglia versus thalamic le-
sions. Arch Neurol 45:725–730, 1988b

Starkstein SE, Robinson RG, Honig MA, et al: Mood changes
after right hemisphere lesion. Br J Psychiatry 155:79–85,
1989

Starkstein SE, Mayberg HS, Berthier ML, et al: Mania after
brain injury: neuroradiological and metabolic findings.
Ann Neurol 27:652–659, 1990a

Starkstein SE, Cohen BS, Fedoroff P, et al: Relationship be-
tween anxiety disorders and depressive disorders in pa-
tients with cerebrovascular injury. Arch Gen Psychiatry
47:246–251, 1990b

Starkstein SE, Fedoroff JP, Price TR, et al: Anosognosia in pa-
tients with cerebrovascular lesions: a study of causative fac-
tors. Stroke 23:1446–1453, 1992

Starkstein SE, Fedoroff JP, Price TR, et al: Apathy following
cerebrovascular lesions. J Neurol Neurosurg Psychiatry
24:1625–1630, 1993a

Starkstein SE, Fedoroff JP, Price TR, et al: Catastrophic reac-
tion after cerebrovascular lesions: frequency, correlates,
and validation of a scale. J Neuropsychiatry Clin Neurosci
5:189–194, 1993b

Wade DT, Legh-Smith J, Hewer RA: Depressed mood after
stroke: a community study of its frequency. Br J Psychiatry
151:200–205, 1987

Walker AE, Robins M, Weinfeld FD: Clinical findings in the
National Survey of Stroke. Stroke 12(suppl 1):I13–I31,
1981

Wolf PA, Kannel WB, Verter J: Cerebrovascular disease in the
elderly: epidemiology, in Clinical Neurology of Aging.
Edited by Albert ML. New York, Oxford University Press,
1984, pp 458–477

618 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



Stroke 619

APPENDIX 27–1. Pathological Laughter and Crying Scale (PLACS)

Ratings are based on clinical assessment. Initial probe questions are
given for each item. However, further questions may be used for
clarification. Write the number in the spaces provided that most
accurately reflects clinical symptoms.
Part I: Patient Interview
1. Have you recently experienced sudden episodes of

laughter?
___ Rate the frequency of the episodes during the past two

weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

2. Have you recently experienced sudden episodes of
crying?

___ Rate the frequency of the episodes during the past two
weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

If you have experienced sudden episodes of laughter, please an-
swer the following (questions 3–10), otherwise skip to question 11.
3. Have these episodes occurred without any cause in your

surroundings?
___ Rate the frequency with which the episodes have

occurred without external stimuli in the past 2 weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

4. Have these episodes lasted for a long period of time?
___ Rate the average duration of the episodes during the

past two weeks.
0. Very brief
1. Few seconds
2. Moderate (less than 30 seconds)
3. Prolonged (more than 30 seconds)

5. Have these episodes been uncontrollable by you?
___ Rate the ability to control the episodes during the

past two weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

6. Have these episodes occurred as a result of feelings of
happiness?

___ Rate the frequency with which the episodes have
occurred as a result of happiness in the past two weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

7. Have these episodes occurred in excess of feelings of
happiness?

___ Rate the frequency with which the episodes have been
disproportionate to the emotional state in the past two
weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

8. Have these episodes of laughter occurred with feelings
of sadness?

___ Rate the frequency of association between the episode
and the paradoxical emotion in the past two weeks. The
sadness must precede or accompany the episode and not
be a reaction to it.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

9. Have these episodes occurred with any emotions other
than happiness or sadness, such as, nervousness, anger,
fear, etc.?

___ Rate the frequency of association between the episodes
and emotions in the past two weeks. The emotions must
precede or accompany the episode and not be a reaction
to it.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

10. Have these episodes caused you any distress or social
embarrassment?

___ Rate the degree of distress or embarrassment caused by
the episodes in the past two weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

(continued)
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If you have experienced sudden episodes of crying, please answer
the following (questions 11–18).
11. Have these episodes occurred without any cause in your

surroundings?
___ Rate the frequency with which the episodes have

occurred without an external stimuli in the past two
weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

12. Have these episodes lasted for a long period of time?
___ Rate the average duration of the episodes during the

past two weeks.
0. Very brief
1. Short (few seconds)
2. Moderate (less than 30 seconds)
3. Prolonged (more than 30 seconds)

13. Have these episodes been uncontrollable by you?
___ Rate the ability to control the episodes during the

past two weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

14. Have these episodes occurred as a result of feelings of
sadness?

___ Rate the frequency with which the episodes have
occurred as a result of sadness in the past two weeks.
The sadness must proceed or accompany the crying and
not be a reaction to it.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

15. Have these episodes occurred in excess of feelings of
sadness?

___ Rate the frequency with which the episodes have been
disproportionate to the emotional state in the past two
weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

16. Have these episodes of crying occurred with feelings of
happiness?

___ Rate the frequency of association between the episode
and the paradoxical emotion in the past two weeks. The

happiness must precede or accompany the crying.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

17. Have these episodes occurred with any emotions other
than sadness or happiness, such as nervousness, anger,
fear, etc.?

___ Rate the frequency of association between the episodes
and emotions in the past two weeks.

The emotions must precede or accompany the episode and
not be a reaction to it.

0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

18. Have these episodes caused you any distress or social
embarrassment?

___ Rate the degree of distress or embarrassment caused by
the episodes in the past two weeks.
0. Rarely or not at all
1. Occasionally
2. Quite often
3. Frequently

APPENDIX 27–1. Pathological Laughter and Crying Scale (PLACS) (continued)
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More than 2 million people in the
United States sustain traumatic brain

injuries (TBIs) each year (Kraus et al. 1994). Among indi-
viduals under the age of 50, TBI is the leading cause of
death and neuropsychiatric dysfunction (Sosin et al.
1989). After young adults and children, older adults com-
pose a third at-risk group for TBI. Although the patho-
physiology and neurobehavioral consequences of TBI
among young adults are becoming better understood, the
corresponding literature on TBI among older adults is
relatively sparse. Age is a well-established general risk
factor for negative outcome following TBI. However, the
specific role that age plays in contributing to outcome is
less clear. For example, we do not yet know whether all
elderly are at risk for negative outcome following TBI or
whether the risk of negative outcome is limited to a subset
of vulnerable elderly. Similarly, the specific mechanisms
by which aging may make the brain more susceptible to a
TBI or through which a TBI may provoke, or exacerbate,
a neurodegenerative process in an aging brain are not
well understood.

Interest in the topic of TBI in older adults has been in-
creasing for at least three reasons. First, because the popu-
lation is aging, cases of geriatric TBI now account for a
greater percentage of all patients with TBI treated in emer-
gency rooms and on trauma services, making findings such
as the age-related increase in mortality rates and lengths of
hospital stay following geriatric TBI more relevant to clini-
cians, hospital administrators, and insurance companies.
Second, the increased referral of patients for neuropsychi-
atric and neuropsychological evaluation following geriat-
ric TBI has increased the need for practical guidelines for
the differentiation of the syndrome of geriatric TBI from
other conditions, such as dementia. A third reason for in-
creased interest in geriatric TBI is the growing body of lit-
erature on the apparent epidemiological and pathogenetic
association between TBI in adulthood and risk for Alzhei-
mer’s disease (AD) in later life (see Chapter 24 in this
volume).

This chapter begins with an overview of the general lit-
erature on TBI. In subsequent sections, we review the
unique characteristics of geriatric TBI, the neuro-
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behavioral consequences of TBI and geriatric TBI, and the
diagnosis and treatment of geriatric TBI. Finally, we also
include a review of the proposed relationship between TBI
and AD within the context of current conceptualizations
about the pathogenesis of AD.

Overview of Traumatic Brain Injury

Terminology

Definition of traumatic brain injury. Univer-
sal agreement on the definition of a TBI has been difficult
to establish, in part because of differences of opinion about
where to place the theoretical threshold between non-
injury and mild TBI. For example, some definitions of TBI
require loss of consciousness, whereas others take into ac-
count the finding that loss of consciousness is not necessary
for subsequent brain dysfunction to occur. Most defini-
tions of TBI require that the known or suspected injury to
the brain was sufficiently severe to cause at least one of the
following: 1) alterations in consciousness, 2) posttraumatic
amnesia, or 3) physical, radiological, or objective evidence
of injury-related abnormalities.

Utility of the term “traumatic brain injury.”
The use of terms such as traumatic brain injury, head injury,
or brain injury can be both informative and problematic.
The utility of these terms stems from the implied causal
connection between an acquired lesion and abnormal be-
havior. For patients who have sustained a TBI, there is an
assumption that subsequent alterations in thinking, mood,
and behavior are the results of the specific neurological
damage associated with the traumatic event. The well-
known case of Phineas Gage in the 1860s is an example of a
TBI (i.e., penetration by a railroad spike through the left
frontal lobe) that produced specific and dramatic changes
in personality and comportment (Harlow 1868).

However, the use of these terms can also be mislead-
ing. In younger adults, for example, the term brain injury
typically connotes a traumatic injury, whereas in older
adults, the term brain injury is often used to describe a vari-
ety of etiologies (e.g., stroke, aneurysm, and tumor), as well
as traumatic injury. The terms also imply a misleading
homogeneity of patients across studies. Just as strokes of
different types, sizes, and locations can produce a wide
range of neurological and neurobehavioral dysfunctions,
so too can traumatic brain injuries of different types and
severities cause different symptoms. Comparing studies of
outcome following “TBI,” therefore, will likely produce
different conclusions if this anatomic heterogeneity is not

taken into account. A third problem with these terms is the
risk of assuming a direct correspondence between the brain
injury and subsequent behavior and of minimizing other
factors that have been shown to contribute to outcome.
These factors include, but are not limited to, premorbid
personality, previous brain injury or dysfunction, sub-
stance abuse, vocational history, social support network,
involvement in treatment, involvement in litigation, and
the experience of being in a traumatic event (Parker 1990;
Richardson 1990; Wood 1990).

Types of traumatic brain injury. TBIs are cate-
gorized as open or closed, depending on whether or not the
skull has been penetrated (and the brain exposed). The
manner in which an injury is sustained has important impli-
cations for the neuroanatomical, neurochemical, meta-
bolic, and neurobehavioral disruption that follows. Dys-
function following open head injuries such as a gunshot
wound is dependent on factors such as the path of the bul-
let, tissue disruption by associated force waves, the spread
of bone chips, and the development of cerebral edema
(Bigler 1991; Kirkpatrick and DiMaio 1978). In contrast,
the dysfunction that follows a closed head injury may be the
result of focal damage caused by impact at the site of the in-
jury (e.g., from a fall or an assault) or diffuse damage caused
by rapid acceleration/deceleration or twisting movements
of the brain within the cranial vault (e.g., from a high-speed
motor vehicle collision). Primary brain injuries are those
that occur at the moment the TBI takes place (e.g., cerebral
contusion from impact). Secondary brain injuries are those
that develop following the initial trauma (e.g., edema, in-
creased intracranial pressure, delayed hemorrhage).

Severity of traumatic brain injury. TBIs are
typically characterized as being either mild, moderate, or
severe, based on criteria such as degree of initial neurologi-
cal dysfunction, duration of unconsciousness, and duration
of memory loss for events following the injury (i.e.,
posttraumatic amnesia [PTA]). TBIs are considered to be
mild when there is no, or brief, loss of consciousness and
less than 60 minutes of PTA. In contrast, TBIs are consid-
ered severe when unconsciousness lasts hours to days and
PTA lasts more than 24 hours. While specific estimates
vary, the majority (i.e., 70%–90%) of TBIs are classified as
mild (Lezak 1995). Because severity of injury is a good pre-
dictor of outcome, the use of additional categories of sever-
ity has been suggested (e.g., very mild, no loss of conscious-
ness, less than 5 minutes of PTA; very severe, 1–4 weeks of
unconsciousness or PTA; extremely severe, more than 4
weeks of unconsciousness or PTA) (Bigler 1990b).

Several objective measures of severity of TBI have
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been developed. Of these instruments, the Glasgow Coma
Scale (GCS) (Teasdale and Jennett 1974) remains the
“gold standard” because of its quick and convenient nu-
merical quantification of level of consciousness and its
widespread use in trauma data banks (Diringer and Ed-
wards 1997; Juarez and Lyons 1995; Menegazzi et al.
1993). The GCS is a 15-point global index of conscious-
ness that assesses functioning in three domains (eye open-
ing, verbal response, and motor response) (Teasdale and
Jennett 1974) (Table 28–1). GCS scores are generally in-
terpreted as follows: 13–15, mild; 9–12, moderate; and 3–8,
severe. Although the GCS has been found to have high
interrater reliability and to be a reasonable predictor of
poor outcome in TBI (i.e., death or vegetative state), it ap-
pears to have limited predictive power in terms of func-
tional and cognitive outcome (Diringer and Edwards 1997;
Zafonte et al. 1996) and is also limited when used with se-
lected populations (e.g., children, patients with chronic
disabilities, elderly patients with hearing loss, and patients
whose injuries affect the eyes and mouth) (Menegazzi et al.
1993; Sorenson and Kraus 1991). These limitations are be-
coming more pronounced as prehospital treatment (i.e.,
pharmacological paralysis, sedation, and intubation) in-
creases (Marion and Carlier 1994), thereby limiting the
ability to obtain accurate GCS scores for many individuals
(Marion and Carlier 1994; Prasad 1996).

As a result of these limitations, several other scales of

injury severity have been developed. Examples include
1) the Abbreviated Injury Scale (AIS) (American Associa-
tion for Automotive Medicine 1985), which incorporates
the Injury Severity Scale (ISS) (Baker et al. 1976) and which
was designed to rate overall injury by measuring the cumu-
lative damage across six body regions, including the head;
2) the revised APACHE (Acute Physiology, Age, and
Chronic Health Evaluation, II and III) (Knaus et al. 1985;
Wagner et al. 1989) system, which also measures more
physiological variables than the GCS, including underly-
ing diseases and comorbidity; and 3) the Reaction Level
Scale (RLS85) (Starmark et al. 1988), which allows the as-
sessment of TBIs among individuals who are intubated or
have severe preorbital swelling. Although these measures
overcome some of the problems with the GCS, many of
them have significant limitations (e.g., limited information
on reliability and validity, increased time and difficulty of
administration). Thus, the GCS remains the most widely
used tool to measure severity of TBI.

Pathophysiology of
Traumatic Brain Injury

Excellent reviews of the biomechanics and patho-
physiology of TBI can be found elsewhere (e.g., Alexander
1995; Bigler 1991; Gennarelli 1993; Gualtieri 1995;
McIntosh et al. 1996; Parker 1990; Richardson 1990). The
following is a brief overview of the pathophysiology of pri-
mary and secondary brain injuries.

Primary brain injury. Among patients who experi-
ence closed TBIs, primary brain injuries usually occur as a
result of impact/contact forces or inertial/acceleration mo-
tions (Katz 1992; McIntosh et al. 1996). Impact/contact in-
juries can cause local skull distortion as well as stress waves
through the brain from the point of impact. The conse-
quences of contact injuries include distorted or fractured
skulls (with or without extradural hematomas) and contu-
sions or lacerations of the brain. Contrecoup injuries are
also common, although the term contrecoup may be some-
what misleading because the location of these injuries may
not be exactly opposite the point of initial impact
(McIntosh et al. 1996; Richardson 1990).

Many TBIs also involve linear or rotational move-
ments of the brain within the skull. The accelerating and
decelerating or twisting movements of the brain produce
lacerations or contusions when the moving brain comes
into contact with the more stationary bony protuberances
of the base of the skull. Within the cranial vault, the orbital,
frontal, and temporal areas are most vulnerable to this type
of injury (Adams et al. 1977; Bigler 1990a, 1991; Gennarelli
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TABLE 28–1. Glasgow Coma Scale

Eye opening response Spontaneous
To voice
To pain
None

4
3
2
1

Best verbal response Oriented
Confused
Inappropriate words
Incomprehensible sounds
None

5
4
3
2
1

Best motor response Obeys commands
Localizes pain
Withdraws (pain)
Flexion (pain)
Extension (pain)
None

6
5
4
3
2
1

Source. Reprinted with permission from Teasdale G, Jennett B: “As-
sessment of Coma and Impaired Consciousness: A Practical Scale.”
Lancet 2:81–84, 1974.



1993; McIntosh et al. 1996; Ommaya et al. 1971; Richard-
son 1990). An important by-product of these movements is
diffuse axonal injury (Adams 1988; Adams et al. 1982; Alex-
ander 1995; Gualtieri 1995; McIntosh et al. 1996).
Straining, shearing, and rupture of axonal fibers are com-
mon following TBI of all severities and are generally asso-
ciated with more significant neuropsychiatric disorders
(Alexander 1995; Bigler 1990a; Jennett and Teasdale 1981;
McIntosh et al. 1996; Parker 1990; Richardson 1990). In
severe cases, dramatic rotation of the brain around the
brainstem may lead to coma (Parker 1990).

Secondary brain injury. Some damage to brain
structure and function may be initiated at the time of the
TBI but may not be clinically present for minutes, hours, or
even days following the injury. Examples of secondary
brain injuries include: hematoma, edema, ischemia, in-
creased intracranial pressure, infection, ventricular en-
largement, seizures, and alterations in neurochemical
functioning (Bachman 1992; Katz 1992; McIntosh et al.
1996; Parker 1990; Richardson 1990).

Intracranial hematomas and cerebral edema are con-
sidered to be two of the most frequent types of acute sec-
ondary brain injury (Richardson 1990). In his review of this
literature, Richardson (1990) reported that intracranial
hemorrhage occurs in approximately 50% of patients with
severe injuries and often is responsible for the development
of delayed coma or other types of neurological deteriora-
tion. The presence of a skull fracture dramatically increases
the risk of intracranial hematomas (Jennett and Teasdale
1981). Diffuse brain swelling develops in approximately
10% of patients who have sustained severe brain injuries
(Adams et al. 1989; Richardson 1990). Brain edema may
lead to herniation, occlusion of intracranial vessels with
secondary strokes (e.g., subfacial herniation may occlude
the anterior cerebral artery, and transtentorial herniation
may occlude the posterior cerebral artery), or to strain ef-
fects on axonal fibers (Bigler 1990a; Cummings and
Benson 1992). The occurrence of subdural hematomas
secondary to the tearing of veins is particularly problematic
in elderly patients in whom brain atrophy increases the dis-
tance from the brain surface to the venous sinuses, thus in-
creasing the vulnerability of bridging veins to rupture with
even minor trauma (Bachman 1992; Cummings and
Benson 1992; Levy et al. 1993; McIntosh et al. 1996).

Regarding other secondary brain injuries that may
complicate the postinjury course, ventricular enlargement
is common following moderate-to-severe TBI (Levin et al.
1981) and has been associated with greater neuro-
psychological impairment (Cullum and Bigler 1986) and
worse prognosis (Gudeman et al. 1981; Kishore et al.

1978). Changes in ventricular size may not be fully appar-
ent (via computed tomography [CT] scan analysis) until
1–3 months after the injury (Cope et al. 1988; Gudeman et
al. 1981).

Posttraumatic epilepsy is another delayed conse-
quence of brain injury that can affect eventual outcome.
Approximately 5% of patients develop seizures within the
first week after a TBI (Bachman 1992; Teasdale 1995). Risk
factors for early posttraumatic epilepsy include prolonged
posttraumatic amnesia, depressed skull fracture, intra-
cranial hematoma, and a history of childhood seizures
(Bachman 1992; Hendrick and Harris 1968; Jennett and
Teasdale 1981). Late seizures (i.e., beyond the first week)
have also been reported in approximately 5% of patients
following TBI but may not develop until more than a year
after the injury. Risk factors for late epilepsy include sever-
ity of injury, early epilepsy, and depressed skull fracture
(Annegers et al. 1980b; Bachman 1992; Jennett and
Teasdale 1981). Mathematical models exist to predict the
likelihood of seizures for individual patients (Feeney and
Walker 1990). Among patients who have already had one
late seizure, 75% continue to have seizures (Bachman
1992). The use of prophylactic anticonvulsant medication
following brain injury reduces the risk of early seizures, but
not late seizures (Malec and Basford 1996; Schierhout and
Roberts 1998; Temkin et al. 1990). Because anticon-
vulsants often produce sedation, their use among elderly
patients may be problematic (e.g., increased risk of subse-
quent head injuries as a result of falls) (see Chapter 34 in
this volume).

In addition to the structural damage caused by primary
and secondary brain injuries, changes in brain neuro-
chemistry also occur following a TBI (Bohnen and Jolles
1992; Gennarelli 1993; Gualtieri 1995; McIntosh et al.
1996). These changes appear to be related to the nature and
extent of the structural damage and can be seen as “neuro-
protective” or “autodestructive” (McIntosh et al. 1996).
For example, it has been suggested that because of their lo-
cation, size, and widespread projections from the lower
brainstem to subcortical and cortical areas, the
monoaminergic pathways are particularly vulnerable for
disruption as a result of diffuse axonal injury (Gualtieri
1995). Alterations in acetylcholine, norepinephrine, and
dopamine have been reported following experimentally in-
duced TBI in animals (McIntosh et al. 1996). Such changes
have been postulated to be linked to the changes in
intracranial pressure and blood pressure that sometimes
follow TBI. Similarly, postinjury changes in arousal, atten-
tion, and information processing have been attributed to
disruption of dopaminergic and noradrenergic pathways,
whereas postinjury changes in mood, appetite, sleep, sexual
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function, motor activity, anxiety, and aggression have been
associated with disruption of serotonergic neurons
(Gualtieri 1995) (see Chapter 2 in this volume).

Changes in neurochemistry can result from primary or
secondary brain injuries. For example, the immediate dis-
ruption of neural pathways and vasculature following dif-
fuse brain injuries may cause a defect in the axonal mem-
brane that results in changes in intracellular ions
(particularly calcium). The sudden loading of calcium ulti-
mately leads to a depolarization of axons that then disrupts
neural transmission. Secondary brain injuries such as
ischemia can also lead to disruptions in cerebral metabo-
lism, which can, in turn, lead to the release of excitatory
amino acids (EAAs) such as glutamate and aspartate. EAAs
have been called “excitotoxic” because of their destructive
effect on cells in vitro. EAAs can excessively stimulate neu-
rons, leading to cellular exhaustion or the formation of free
radicals that are toxic to cells. Choi (1987) has postulated
that two sequential mechanisms mediate cell death result-
ing from excitotoxin exposure: 1) acute neuronal swelling
resulting from an influx of chloride and sodium and 2) de-
layed damage resulting from an influx of calcium. Other
neurochemical changes that have been reported following
TBI include the release of: 1) oxygen free radicals, which
can cause perioxidative damage to membrane phospho-
lipids, and 2) neurotrophic substances (e.g., nerve growth
factor), which may play a role in reducing damage and pro-
moting recovery from brain injury (McIntosh et al. 1996).
The possibility that increased deposition of β-amyloid
protein (βAP) following brain injury may increase the risk
of AD is reviewed below.

Outcome Following
Traumatic Brain Injury

For patients who experience TBIs, and their families, the
most pressing injury-related concerns pertain to survival,
rate of recovery, and quality of life following the injury.

Measurement strategies. Assessment of global
progress through the initial stages of recovery can be ac-
complished with several instruments. The most frequently
used outcome measure is the Glasgow Outcome Scale
(GOS) (Clifton et al. 1993; Jennett and Bond 1975). The
GOS uses a 5-point scale to classify outcome: 1) good re-
covery, 2) moderate disability, 3) severe disability, 4) persis-
tent vegetative state, and 5) death (Clifton et al. 1993;
Hofer 1993; Zafonte et al. 1996). Although widely used,
the GOS has several significant limitations. These include
1) lack of sensitivity to change during recovery because the
categories of outcome are too broad (Clifton et al. 1993),

2) reduced sensitivity to the multidimensional nature of pa-
tients’ deficits with an overemphasis on physical disability
and an underemphasis on cognitive and neurobehavioral
problems (Anderson et al. 1993), and 3) few or no guide-
lines regarding the incorporation of problems such as epi-
lepsy, preexisting personality disorders, chronic illness,
and preexisting substance abuse, which are common
among patients with TBIs.

Other outcome measures exist, some of which address
the limitations of the GOS. These measures include 1) the
Rancho Los Amigos Levels of Cognitive Function Scale,
which uses an 8-level categorical scoring system to evaluate
level of awareness, interaction with the environment, cog-
nition, and behavior; 2) the Disability Rating Scale (DRS),
which measures arousal, awareness, cognitive ability for
self-care, physical dependence, and psychosocial abilities;
and 3) the Functional Independence Measure (FIM),
which assesses the amount of assistance an individual needs
in performing daily activities.

In addition to the aforementioned instruments, global
indices have also been used in assessing outcome. These in-
clude survival rates, length of hospital stay, discharge desti-
nation, and ability to return to preinjury activities. Al-
though these indices can provide important information
about functional status, the determination of more subtle
or specific neurobehavioral deficits requires comprehen-
sive neuropsychiatric assessment and neuropsychological
testing.

General predictors of outcome. Severity of the
injury is the best general predictor of outcome following
TBI. Regarding outcome in the first few weeks following
the injury, patients whose injuries are more severe are at
greater risk for death, longer hospital stays, and placement
in supervised care settings following hospitalization
(Combes et al. 1996; Cowen et al. 1995; Jennett and
Teasdale 1981; Katz 1992; Marshall et al. 1983; Richardson
1990; Russell and Smith 1961). For example, in one sample
of adults (ages 25–54 [N = 1,487]) hospitalized for TBI
(Fields 1991), the rate of in-hospital mortality following a
severe injury was 23 times greater than the mortality rate
following a mild injury. Similarly, in this sample, length of
hospital stay was 3.8 times longer and likelihood of transfer
to a rehabilitation or skilled nursing facility (rather than
home) was 9.6 times greater following severe TBI than fol-
lowing mild TBI.

Other specific variables that have been associated with
poor initial outcome include 1) alterations in pupillary re-
sponse, systolic blood pressure, and intracranial pressure;
2) duration of posttraumatic amnesia; and 3) presence of
CT scan abnormalities such as skull fractures and hema-
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tomas. For example, Cowen et al. (1995) found an inverse
relationship between CT abnormalities and good progno-
sis. Specifically, 81% of patients in their study who had
normal CT scans, but only 45% of patients with one CT
scan abnormality, were classified as having a good recov-
ery. Furthermore, among patients with a skull fracture,
67% were classified as having a poor outcome.

Severity of injury is also the most important predictor
of longer-term outcome. Severe injuries are associated
with greater generalized impairment than are mild injuries
(Cifu et al. 1997; Ip et al. 1995; Masson et al. 1996; Mazaux
et al. 1997). Vollmer et al. (1991) found the following out-
come statistics (based on GOS) for a sample of adults (ages
26–55 [N = 279]) 6 months after a severe brain injury: good
recovery, 22%; moderate-to-severe disability, 35%; and
vegetative survival or death, 43%. Other studies have also
documented that more severe TBIs are associated with
greater difficulty in areas such as ability to return to work,
drive, initiate participation in social and recreational activi-
ties, use public transportation, and perform administrative
tasks such as banking, writing letters, and making a weekly
schedule (Mazaux et al. 1997; Ponsford et al. 1995; Tennant
et al. 1995).

Summary

Much has been learned during the past few decades about
the pathophysiology of, and outcome following, TBI.
Rather than considering TBI a unitary phenomenon, it is
probably more appropriate, and more useful, to conceptu-
alize TBI as an ongoing process during which numerous
events take place, many of which have implications for sub-
sequent neurobehavioral functioning. In addition to con-
sidering noninjury factors, an understanding of postinjury
outcome can be enhanced greatly by knowledge of factors
such as mechanism of primary injury, types of secondary in-
juries, and disruption of neurochemical functioning. Much
of our current understanding about the pathophysiology of
TBI comes from animal models of TBI and from studies of
adults who did not survive their TBI. Although severity of
injury is clearly the most important factor in predicting
outcome following TBI, it appears that age also plays an
important, but less well-understood, role in mediating the
consequences of TBI.

Unique Characteristics of
Geriatric Traumatic Brain Injury

The available literature suggests that there are age-related
differences in both occurrence and outcome of TBI.

Occurrence

Epidemiology. Several factors make it difficult to de-
termine the exact prevalence of TBI and geriatric TBI.
These factors include variability in diagnostic criteria used
in different countries and different hospitals, double
counting of patients transferred between acute hospitals,
variation in hospital documentation policies, and the esti-
mate that 20%–40% of individuals who sustain mild TBIs
do not seek medical treatment (Bohnen and Jolles 1992;
Gualtieri 1995; Jennett 1996).

Despite these limitations, most epidemiological stud-
ies have estimated the incidence of TBI as approximating
200–300 cases per 100,000 individuals (Bigler 1990b;
Bohnen and Jolles 1992; Gualtieri 1995; Jennett 1996;
Kraus et al. 1984; Naugle 1990; Sorenson and Kraus 1991).
These injuries do not, however, occur randomly, with the
risk for TBI being clearly age-related. TBIs are most com-
mon among young adult males (ages 16–25), for whom the
incidence is approximately 400 per 100,000. Typically,
these injuries occur in motor vehicle accidents where alco-
hol is often involved (Bigler 1990b; Goldstein and Levin
1990; Goldstein et al. 1994; Jennett 1996; Naugle 1990).
Children, between the ages of 1 and 5, are a second risk
group, with the incidence rate approximating 150 per
100,000 individuals (Goldstein and Levin 1990; Rosenthal
et al. 1990). The elderly population comprises a third
at-risk group. As can be seen in Figure 28–1, following a pe-
riod of relative low risk in middle adulthood, the risk for
TBI steadily increases after age 65, to a rate of 200 per
100,000 (Goldstein and Levin 1990; Goldstein et al. 1994;
Roy et al. 1986). In addition, the large gender difference in
incidence rates that exists in young adults is not present in
elderly adults. Whereas young adult men are approxi-
mately three times more likely than young adult women to
sustain a TBI, in the elderly population, men and women
are at equal risk (Jennett 1996; Kraus and Nourjah 1989;
Naugle 1990).

Mechanism of injury. Differences also exist across
age groups in how injuries are sustained. Among the general
population, motor vehicle collisions are the leading cause of
TBI, and falls are the second leading cause. Among the el-
derly, this order is reversed (Jennett 1996; Levy et al. 1993;
Parker 1990; Rakier et al. 1995; Sorenson and Kraus 1991).
Although geographic differences exist for other types of inju-
ries (e.g.,moreassaultswith firearms in largercities), a consis-
tent finding across studies is that with advancing age there is
an increased risk of TBI as a result of falls and pedestrian acci-
dents and a corresponding decreased risk of TBI as a result of
motor vehicle collisions (Figure 28–2).
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Prior traumatic brain injury. Among young adults,
previous TBI is a known risk factor for future head injury
(Annegers et al. 1980a; Edna 1987; Naugle 1990; Sims
1985). Documentation of prior TBIs is somewhat difficult
because it is typically based on self-report, memory, and

subjective interpretation. With these limitations in mind,
preliminary data collected in one large trauma database
(M. Lovell and S. Smith, personal communication, Sep-
tember 1994) suggest that the frequency of patients hospi-
talized following a TBI reporting a previous TBI is higher
among younger adults than older adults. Specifically, in
this sample, prior TBI was reported by 32% of a young to
middle-aged sample (ages 20–50, n = 535), but only 20% of
an older adult sample (ages 60–90, n = 97).

Role of alcohol. Alcohol is another factor that is sig-
nificantly related to etiology and outcome following TBI
in young adults (Desai et al. 1983; Edna 1987; Frankowski
1986; Parkinson et al. 1985; Ruff et al. 1990). It is also an-
other factor that has not been adequately addressed in the
literature on geriatric TBI and one for which our data sug-
gest that the assumptions based on young adults may not
apply to older adults. As expected, among a sample of more
than 3,500 patients hospitalized following a TBI at Alle-
gheny General Hospital in Pittsburgh, the frequency of
young adults with blood alcohol levels at or above the legal
definition of intoxication when brought to the emergency
room was relatively high (e.g., ages 15–24, 44%; ages
35–54, 39%). Alcohol was associated with the TBI much
less often among the older sample (e.g., ages 65–95, with
legally intoxicated blood alcohol levels, 11%).

Another unique characteristic of the geriatric popula-
tion is the age difference in the circumstances in which al-
cohol is involved in the TBI. In our database, legally intoxi-
cated blood alcohol levels were found among young and
middle-aged adults whose TBIs occurred in motor vehicle
accidents (39%) at approximately the same rate as among
those whose TBI occurred because of a fall (35%). In con-
trast, in the older adult group, among whom alcohol use
was less prevalent overall, a legally intoxicated blood alco-
hol level was significantly more likely when the injury oc-
curred during a fall (17.3%) than when the injury occurred
during a motor vehicle accident (6.1%). These data suggest
that drinking and driving is less of a problem for the elderly
than for younger adults and that our understanding of out-
come following TBIs that occur as the result of a fall in the
elderly must take into account the role of alcohol.

Outcome

Older adults are usually thought to have less favorable out-
comes than younger adults following TBI. In 1932, for ex-
ample, Russell (Russell and Smith 1961) reported an in-
crease in mortality associated with TBI beginning in the
fifth decade of life. In their influential work, Jennett and
Teasdale (1981) described a “continuous” and essentially
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FIGURE 28–1. Incidence rates of traumatic brain injury by
age and sex.
Source. Adapted from Kraus et al. 1984.

FIGURE 28–2. Causes of traumatic brain injury by age.
P < .0001
Source. Reprinted from Fields RB: “The Effects of Head In-
juries on Older Adults” (abstract). Clinical Neuropsychologist
5:252, 1991.



linear relationship between age and negative outcome
across the life span. Other studies have also documented
increased mortality rates, increased length of hospital stay,
increased likelihood of nursing home placement, increased
long-term disability, and other signs of poor prognosis
among older adults following brain injury (Annegers et al.
1980a; Carlsson et al. 1968; Cartlidge and Shaw 1981; Cifu
et al. 1996; Edna 1983; Fife et al. 1986; Jennett and
Teasdale 1981; Kilaru et al. 1996; Kotwica and Jakubowski
1992; Levy et al. 1993; Luerssen et al. 1988; Marshall et al.
1991; Pentland et al. 1986; Ross et al. 1992). In addition,
the literature on general trauma in humans (Dries and
Gamelli 1992) and the limited experimental literature on
brain injury in animals (Hamm et al. 1991) also suggest that
advanced age is a risk factor for adverse outcome.

Although the weight of evidence is impressive, studies
comparing the effects of TBI on older versus younger adult
humans have been problematic for a number of reasons.
First is the influence of preexisting conditions on subse-
quent outcome. Preexisting neurological impairment may
affect the cause of injury (e.g., a patient with dementia who
falls), initial presentation (e.g., inaccurate history or delay
in seeking treatment), postinjury course (e.g., exaggeration
of preinjury neuropsychological deficits), and diagnosis
(e.g., attribution of dementia-related cognitive impair-
ment to the brain injury). Whether a TBI is the cause or the
result of brain dysfunction is more likely to be a question
among older adults in whom, for example, degenerative
brain changes or medication sensitivity is more common
than in younger adults. In a study of brain injury among the
“old old” (ages 80–96), for example, a factor that contrib-
uted to the injury (e.g., previous stroke, postural dizziness,
and medication) could be identified for 75% of the patients
whose injury was the result of a fall (Amacher and Bybee
1987). Assessing outcome in this sample, therefore, might
underestimate the potential recovery of “normal” elderly
individuals who fall for other reasons.

A second problem has been controlling for severity of
brain injury, as well as for total body injuries, when compar-
ing samples of different age groups. If older adults have
more severe injuries (as Sorenson and Kraus [1991] con-
tend), increased negative outcome among the elderly may
be simply a reflection of severity of injury rather than of
age. A third problem is that even when severity of injury is
controlled, comparisons of different age groups generally
do not control for differences in the type of injury sus-
tained. Finally, the definition of “old” varies considerably
from study to study. Many reports of change in outcome
with “age” involve a comparison between young adults
(usually ages 20–40) and middle-aged adults (ages 40–65),
with very little representation of geriatric patients includ-

ing the “old old.” With these cautions in mind, the follow-
ing is a review of specific outcome measures.

Postinjury neurological sequelae. Advanced age
is a risk factor for subdural hematomas, intracranial hem-
orrhages, and posttraumatic infections following TBI
(Amacher and Bybee 1987; Dries and Gamelli 1992; Fogel
and Duffy 1994; Miller and Pentland 1989). Postinjury
bleeds are more common and more problematic in the el-
derly for a number of reasons. First, the incidence of
nontraumatic intracerebral hemorrhage in the general
population increases exponentially with age, making the
elderly an at-risk population in general (Broderick et al.
1993). Second, as noted above, older adults are also at
greater risk for subdural hematomas because age-related
brain atrophy increases the distance from the brain surface
to the venous sinuses (Cummings and Benson 1992).
Third, because falls are the most common cause of geriatric
TBI and because subdural hematomas are common conse-
quences of falls, the elderly are particularly vulnerable for
subdural bleeds. Finally, these types of injuries may de-
velop in a delayed fashion over time and may go unrecog-
nized in the presence of other injuries (Fogel and Duffy
1994). For example, in one study of older patients admitted
to a hospital because of a fractured bone, 10% were found
to have a subdural hematoma as well (Oster 1977).

The age-related increased risk of posttraumatic
intracranial hematomas is particularly problematic after
injuries that are classified as being in the mild-to-moderate
range of severity. For example, in their comparison of older
(i.e., > 65 years, n = 449) and younger (i.e., < 65 years,
n = 1,571) patients following TBI of all severities, Pentland
et al. (1986) reported a threefold increase in intracranial
hematomas among the older sample. However, there was
no age difference in the patients whose injuries were se-
vere, among whom intracranial bleeds were common at all
ages. In contrast, following TBIs of mild-to-moderate se-
verity, the frequency of intracranial hematoma was six
times greater in the older group. In our study (Fields and
Ackerman 1991) of patients who sustained a mild TBI as
the result of a fall or a motor vehicle accident, the incidence
of intracranial bleeds was related to age and type of injury.
Specifically, intracranial bleeds were significantly more
common in the elderly sample in general but were also
more common among those whose injury was sustained in
a fall than among those whose injury occurred during a mo-
tor vehicle accident.

For other neurological sequelae, there are no age dif-
ferences or the effects of age are not well known. Despite
the logical prediction that an older skull might be more vul-
nerable to fracture than a younger skull during a TBI, no
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consistent evidence indicates that this is the case. For ex-
ample, in one large study of patients with TBI of all
severities (Pentland et al. 1986), no age differences were
found in the frequency of skull fracture; in another study of
patients with severe TBIs (Vollmer et al. 1991), only a
slight increase in frequency of fracture with age was found.
In our study of the effects of mild TBI across the life span,
the developing skulls of children were found to be more
vulnerable to fracture than the aging skulls of the adult and
elderly samples, and no significant increase in the fre-
quency of skull fracture was found with advancing age
(Fields 1997).

Older adults do not appear to be at increased risk of de-
veloping brain swelling or a posttraumatic seizure disorder
following a TBI (Richardson 1990). Similar to the data on
skull fractures, posttraumatic seizures are in fact more
common following TBI in children than TBI in adults
(Dalmady-Israel and Zasler 1993; Fields 1997) (Table
28–2). Although it has been postulated that axonal shearing
and damage from the release of excitotoxic neurotrans-
mitters are greater among the elderly (Hamm et al. 1991,
1992), this prediction has not yet been definitively proven.

Indices of general outcome. Following TBIs
that are classified as severe, death, permanent disability,
and inability to return to work are more common at all ages.
However, age appears to play an independent and signifi-
cant role in increasing the risk of negative outcome. In the
most comprehensive study of age differences in outcome
following severe TBI to date, Vollmer et al. (1991) found
dramatic age-related differences in outcome at 6 months.
The mortality rate at 6 months was 28% for the 26- to
35-year-old group and 80% for the over 55-year-old

group. In addition, 28% of the younger group were rated as
having made a good recovery (based on the GOS) after 6
months, whereas among the older group, 0% had made a
good recovery. One of the advantages of this study was that
the role of age in influencing outcome was assessed by sys-
tematically ruling out the effect of other variables. The au-
thors concluded that the variable of age clearly made an in-
dependent contribution to outcome in their sample. Other
studies have also documented the independent contribu-
tions of age to slower recovery and more negative eventual
outcome (as measured by GOS) following TBI, particu-
larly following moderate-to-severe injuries (e.g., Cifu et al.
1996; Katz et al. 1990; Kilaru et al. 1996; Pentland et al.
1986; Ross et al. 1992; Ruff et al. 1990).

Mortality. With regard to the specific question of sur-
vival rate following TBI, in keeping with the Vollmer et al.
(1991) study, a fairly robust finding in the literature is that
older adults are at greater risk for death following head in-
jury than are young adults or children (e.g., Amacher and
Bybee 1987; Annegers et al. 1980a; Edna 1983; Fields
1991; Fife et al. 1986; Kilaru et al. 1996; Pentland et al.
1986; Rakier et al. 1995; Ross et al. 1992). However, as
noted above, most studies of this outcome measure did not
control for factors such as severity of brain injury or sever-
ity of other nonbrain injuries. In our attempts to do so (Ta-
ble 28–3), an age by severity of injury interaction was
found. As can be seen in Figure 28–3, when all patients
were included regardless of severity of injury, mortality
rate was relatively stable through middle adulthood, but it
increased significantly beginning at age 55 and continued
to increase with advancing age. In follow-up analyses (Ta-
ble 28–3), among patients whose injuries were severe, mor-
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TABLE 28–2. Based on age and type of injury, differences in neurological sequelae following mild
traumatic brain injury

Percentage of patients with
Age group Type of injury n Skull fracture Intracranial bleed Seizures
0–10 Fall

MVA
63
42

29
12

6
9

6
0

15–24 Fall
MVA

82
795

15
10

18
4

5
1

35–54 Fall
MVA

169
545

17
11

19
2

5
2

65–95 Fall
MVA

248
229

16
13

40
15

1
0

Note. MVA = motor vehicle accident.
Source. Reprinted from Fields RB: “Geriatric Head Injury,” in Handbook of Neuropsychology and Aging. Edited by Nussbaum PD. New York, Ple-
num, 1997, pp. 280–297.



tality was greater for patients at all ages but again was high-
est among the oldest group.

Among patients whose TBIs were considered to be
mild, but whose total injuries were not accounted for in the
analysis, the mortality rate among the oldest group was ap-
proximately 8 times greater than the middle-aged group
and 24 times greater than the young adult group. However,
when severity of head injury (e.g., mild, GCS = 13–15) and
severity of total body injury (e.g., mild, ISS < 10) were con-
trolled, mortality was extremely low for all age groups (Ta-
ble 28–3). These data suggest that although age increases
the risk for in-hospital mortality following a TBI at any
level of severity, other factors (e.g., severity of other inju-
ries) play a role in the apparent age difference in outcome.

Length of hospital stay and discharge destina-
tion. Several outcome studies have documented that,
following TBIs of similar severity, older adults stay in hos-
pital longer and are more likely to be discharged to a nurs-
ing home and less likely to be discharged to their home
(e.g., Edna 1987; Fields 1991; Fife et al. 1986; Katz et al.
1990; Roy et al. 1986). Given changes in reimbursement
for health-care services, these age-related differences have
enormous practical and economic significance. Although
length of hospital stay increases with age, this increase ap-
pears to be a reflection of the interaction between length of
stay and discharge destination. In our sample, the mean
length of stay for patients discharged to home or to a nurs-
ing home did not differ significantly by age (Fields 1991).
That is, patients of any age who are discharged to nursing
homes had stayed in hospital much longer than patients
who return home. Because more older adults are dis-
charged to nursing homes and fewer older adults are dis-
charged home, the overall increase in hospital length of

stay for the elderly actually reflects that a larger percentage
of elderly are discharged to nursing homes, rather than the
implied impression that it takes all older adults longer to
recover from their injuries.

Return to preinjury functioning. Finally, the
literature on young and middle-aged adults suggests that
advanced age is a relevant factor in the prediction of return
to previous level of functioning. One frequently used index
of outcome among young adults is return to school or
work. Although this indicator is not meaningful for many
older adults (who are retired), and despite the fact that the
majority of the studies in this area do not include patients
above age 65, it is worth noting that conclusions about the
effect of age are, nevertheless, often made. For example, in
three studies (Ip et al. 1995; Ponsford et al. 1995; Ruff et al.
1993), age was found to be a small but significant predictor
of eventual outcome following severe TBI (among young
and middle-aged adults). In the few studies that have as-
sessed this variable among older adults (Alberico et al.
1987; Davis and Acton 1988; Pentland et al. 1986), ad-
vanced age has also been found to predict increased diffi-
culty with activities of daily living, increased general dis-
ability, and decreased likelihood of returning to work
(among those who were working prior to their injury).

Summary

There are several unique characteristics of geriatric TBI.
First, TBI occurs more frequently among older adults than
among middle-aged adults. Second, in contrast to TBI
among young adults, no gender difference exists in the oc-
currence of TBI among older adults. Third, with advanc-
ing age there is an increase in the likelihood that TBIs
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TABLE 28–3. Age differences in mortality rates following traumatic brain injuries of different severity

Age
Severity of injury 0–10 15–24 35–54 65–95
Severe TBI
(GCS = 3–8)

24%
(n = 42)

19%
(n = 289)

21%
(n = 196)

54%
(n = 162)

Mild TBI
(GCS = 13–15)

0%
(n = 189)

0.3%
(n = 1,139)

1%
(n = 952)

8%
(n = 545)

Mild overall
(GCS = 13–15)
(ISS < 10)

0%
(n = 125)

0%
(n = 628)

0%
(n = 458)

0.5%
(n = 187)

Note. GCS = Glasgow Coma Scale; ISS = Injury Severity Scale.; TBI = traumatic brain injury
Source. Reprinted from Fields RB: “Traumatic Brain Injury in the Elderly.” Paper presented at the annual meeting of the National Academy of
Neuropsychology, Orlando, FL, November 1994; Fields RB: “Geriatric Head Injury,” in Handbook of Neuropsychology and Aging. Edited by
Nussbaum PD. New York, Plenum, 1997, pp. 280–297.



occur as the result of a fall or pedestrian accident and a de-
crease in the likelihood that the TBI occurred as the result
of a motor vehicle collision. Fourth, a history of TBI is
more common in younger adults than it is in older adults
who are treated for TBIs. Fifth, alcohol is involved less of-
ten in the TBI among older adults, but when it is a factor,
the TBI is more likely to be caused by a fall than by a motor
vehicle collision. Finally, as a group, older adults are at
greater risk for negative outcome (e.g., mortality, disabil-
ity) following TBI than are younger adults. Elderly are at
risk for some (e.g., subdural bleeds), but not all (e.g., skull
fractures), postinjury sequelae. Furthermore, not all el-
derly are at greater risk for negative outcome, and some
preliminary evidence suggests that factors such as preexist-
ing impairment and the severity of other injuries contrib-
ute to the findings of worse outcome with advancing age.

Neuropsychiatric Consequences
of Traumatic Brain Injury

As with other consequences of TBI, severity of injury is the
best predictor of the type and severity of neuropsychiatric
problems. Sufficient differences exist between groups of
patients with mild TBIs and patients with severe TBIs to
consider them separately.

Mild Traumatic Brain Injury

Cognitive and postconcussive symptoms.
Following mild TBI, patients frequently display time-
limited neuropsychological impairment and report a con-
stellation of symptoms known at the postconcussive syndrome

(PCS). Neuropsychological deficits are typically seen in
the areas of attention/concentration, speed and efficiency
of information processing, and short-term memory (Alex-
ander 1995; Barth et al. 1983; Bigler 1990a; Bohnen and
Jolles 1992; Fann et al. 1995; Gentilini et al. 1989;
Gronwall 1989; Gualtieri 1995; Klonoff and Lamb 1998;
Kutner and Barth 1998; Masson et al. 1996; Mazaux et al.
1997; Ruff et al. 1989b). In addition to problems with cog-
nitive processing (e.g., concentration), the PCS includes
physical symptoms (e.g., headache, dizziness, blurred vi-
sion, tinnitus, fatigue, and increased sensitivity to light and
noise) and mood/behavioral symptoms (e.g., anxiety, de-
pression, and irritability) (Alexander 1995; Barth et al.
1983; Bigler 1990a; Binder 1986; Bohnen and Jolles 1992;
Gronwall 1991; Gualtieri 1995; Masson et al. 1996;
Mazaux et al. 1997). Symptoms of posttraumatic stress dis-
order (e.g., intrusive recollections, nightmares, avoidance,
increased startle response) are also common following
mild TBI because the traumatic event is more likely to be
remembered than following severe TBI.

The majority of patients who sustain a mild TBI expe-
rience a relatively complete recovery of neuropsychiatric
symptoms within 1–3 months of their injury. However, a
minority of patients report that these symptoms persist for
months, or in some cases years, after the injury (Alexander
1995; Bigler 1990a; Gronwall 1991; Gualtieri 1995;
Kutner and Barth 1998; Masson et al. 1996; Mazaux et al.
1997; Raskin et al. 1998). For example, in studies by
Masson et al. (1996) and Mazaux et al. (1997), a subgroup of
patients reported ongoing problems in areas such as head-
ache, dizziness, mood, memory, energy, sleep, and initia-
tive/motivation 5 years following a mild TBI.

The etiology of persistent neuropsychiatric deficits re-
mains controversial. The role that psychological factors in-
cluding “secondary gain” play in mediating response to a
traumatic event has not been clearly defined. In addition,
factors such as premorbid psychiatric problems, previous
head injury, chronic pain, little education, and litigation
have been correlated with persistent neurobehavioral com-
plaints (Dikmen et al. 1989). Some studies, for example,
have found that patients involved in litigation following a
mild TBI performed more poorly on neuropsychological
tests than did patients with documented severe TBI
(Youngjohn et al. 1995). However, other studies suggest
that, for at least some patients, the persistence of neuropsy-
chiatric symptoms may be caused by unknown or unde-
tected neurological damage. For example, in one study of
patients evaluated 6 months following a TBI, Bohnen et al.
(1992) found that those who reported postconcussive
symptoms also performed less well on tests of divided and
selective attention than did patients without post-
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FIGURE 28–3. Age differences in mortality rate following
traumatic brain injury—all levels of severity. χ2 = 87.8;
P < 10−8.



concussive symptoms or healthy control subjects.
Prigatano (1992) has suggested that symptoms that remain
relatively stable over time, such as emotional lability, irrita-
bility, and restlessness, may be primary effects resulting
from neurological damage, whereas symptoms that worsen
over time, such as fatigue, sensitivity to distress, and apa-
thy, may be secondary effects resulting from having to cope
with the neurological deficits. Although the development
of postconcussive symptoms occurs independent of litiga-
tion status (Merskey and Woodforde 1972; Steadman and
Graham 1970), several factors including pending litiga-
tion, preinjury personality, length of posttraumatic amne-
sia, alcohol use, fault for injury, and social network all must
be evaluated when assessing the relationship between a
TBI and late postconcussive symptomatology (Alexander
1992; Rutherford 1989).

Depression. Reports of depressive symptomatology
are common following mild TBI, with studies identifying
approximately 22%–36% of individuals with mild TBI
meeting criteria for a major depressive episode (Busch and
Alpern 1998). Although it can be difficult to distinguish be-
tween depression and PCS, such a distinction is important
for accurate and effective treatment. Complicating the is-
sue is that many individuals who report depressive symp-
toms have significant premorbid conditions (e.g., psychiat-
ric/psychological histories, substance abuse, neurological
disorders) that can contribute to depressive symptoma-
tology following a TBI. In addition, the psychological re-
action to the consequences of the accident (e.g., death of
friends/family) and to the subsequent cognitive and physi-
cal deficits may influence the development or exacerbation
of depressive symptomatology.

When trying to isolate the cause of depression follow-
ing mild TBI, several conflicting findings have emerged.
Pharmacological studies indicate little or no improvement
with antidepressants for depression in persons with mild
TBI cases (Busch and Alpern 1998). Other studies examin-
ing relationships between lesion location and depression
following mild TBIs have found significant associations
(Busch and Alpern 1998). For example, Federoff et al.
(1992) found a significant association between a major de-
pressive episode and left dorsolateral frontal, left basal gan-
glia, and, to a lesser extent, right parieto-occipital lesions.
Although this study did not exclusively use mild TBI cases,
35% of the group with depression were identified as having
a mild TBI. In another study by Gasparrini et al. (1978), a
significant difference was found between left and right
hemisphere damage and depressive symptomatology in
mild TBI cases. Using the Minnesota Multiphasic Person-
ality Inventory (Hathaway and McKinley 1970), their

results indicated that left hemispheric damage produced
significantly higher scores on the depression scale.

Neuroimaging studies also support the relationship
between neurological impairment following mild TBI and
depression. In several studies, abnormal CT scans and
magnetic resonance imaging (MRI) results indicate a pos-
sible relationship between depression and lesions in the
frontal, temporal, or frontotemporal areas (Jenkins et al.
1986; Levin et al. 1987a; Sekino et al. 1981). Thus, there
appears to be increasing evidence suggesting an inter-
actional relationship between the location of brain injury
following a mild TBI and the development of depressive
symptomatology. However, further research in this area is
needed to help differentiate secondary psychological reac-
tions from primary neurological factors.

Severe Traumatic Brain Injury

Cognitive deficits. Following severe TBI, patients
often display significant deficits in the areas of atten-
tion/concentration, speed of information processing,
memory, and executive functioning (Cullum et al. 1990;
Levin et al. 1982; Mazaux et al. 1997; Olver et al. 1996;
Ponsford et al. 1995; Tennant et al. 1995). Specifically, im-
pairments have been reported on measures of divided at-
tention; the ability to tune out distractions; speed of pro-
cessing, learning, and retaining new information;
initiation; planning; organization; and awareness/insight.
As a result, even without deficits in basic language, percep-
tual, or motor capacities, patients who have had severe
TBIs often have difficulty following conversations, sus-
taining attention, sustaining efficiency at work, learning
without repeated exposure, initiating activity, making
plans, correcting errors, shifting cognitive sets, and having
insight into their changes in behavior.

In contrast to the majority of patients with mild TBI,
neuropsychological dysfunction following severe TBI is
more significant and more long lasting (Parker 1990). Per-
sistent deficits in intellectual functioning have been found
in most patients following severe TBI (Levin et al. 1979) al-
though the pattern of impairment is not always uniform.
For example, Levin et al. (1990) found that although basic
language and visuospatial skills had returned to normal 1
year after a severe TBI, young adult patients continued to
demonstrate memory impairment and slowed information
processing. Other studies documented deficits 5–7 years
postinjury. For example, Tennant et al. (1995) found that
56% of their sample were continuing to report memory
problems 7 years after a severe TBI. Similarly, Mazaux et al.
(1997) found that mental fatigability, memory difficulties,
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lack of initiative and motivation, conceptual disorganiza-
tion, difficulties in mental flexibility, and poor planning
were common complaints 5 years following severe TBI.

Mood. With regard to affective symptoms following
severe TBI, consistent findings are lacking in the literature.
This inconsistency is probably the result of the consider-
able variability in methodologies used to assess severity of
injury, time since injury, definition of mood symptoms, and
approach to assessment. For example, studies of depressive
symptoms following severe brain injury have found preva-
lence rates varying from 10% to 70% (Silver et al. 1991,
1992). Depressive symptoms are apparently not related to
factors such as length of unconsciousness, length of
posttraumatic amnesia, or presence of skull fracture (Silver
et al. 1992) but may be related to neuropsychological status
(Bornstein et al. 1989) and, as described above, lesion loca-
tion (Federoff et al. 1992).

Other causes of mood or behavioral change following
TBI include grief or other adjustment-related mood dis-
turbances and neuropsychiatric syndromes such as apathy,
amotivation, slowed cognitive processing, and affective
lability (Mazaux et al. 1997; Ponsford et al. 1995; Prigatano
1992; Raskin 1998; Silver et al. 1991; Tennant et al. 1995).
In addition, whether depressive symptoms predated or
caused the head injury (e.g., suicidal car crash) must be
taken into account when assessing the role of brain injury in
“causing” depression (Silver et al. 1991).

The use of comprehensive assessment procedures and
an agreed-on classification system to diagnose mood dis-
turbance (and other neuropsychiatric disorders) following
TBI has been rare. Even when structured interviews and
specific diagnostic criteria are used, reported prevalence
rates vary and depend, in part, on the point at which pa-
tients are assessed. For example, in a sample of patients who
were assessed during the first year after a TBI (Jorge et al.
1993b), the frequency of major depression diagnosed ac-
cording to DSM-III (American Psychiatric Association
1980) was 42%, whereas the frequency of major depression
among a sample assessed 2–8 years after their injury was
77% (Varney et al. 1987). In both studies, a substantial por-
tion of these patients reported that their depressive symp-
toms developed at least 3–6 months after the injury (39% in
the Jorge et al. [1993b] study and 46% in the Varney et al.
[1987] study).

One series of studies took an important step toward
clarifying the causes and course of depressive symptoms
following TBI (Federoff et al. 1992; Jorge et al. 1993a,
1993b). The presence of neuropsychiatric disturbance was
assessed among 66 young adults on an inpatient trauma
service with a structured psychiatric interview (i.e., modi-

fied Present State Examination [Wing et al. 1974]) and
scales of depression, cognitive capacity, activities of daily
living, and social functioning. Patients were initially evalu-
ated during the acute postinjury period and then reassessed
3, 6, and 12 months later. During the 1-year follow-up pe-
riod, 42.4% of the patients met DSM-III criteria for major
depression (25.7% during the acute period and 16.7% dur-
ing one of the follow-up examinations). Patients with the
“acute-” and the “delayed-”onset depression had a higher
frequency of previous psychiatric problems and impaired
social functioning than did the patients without depres-
sion, but these groups also differed on a number of other di-
mensions. Lesions in the left frontal region (particularly
left dorsolateral frontal or left basal ganglia) were associ-
ated with major depression among only the patients with
the acute-onset depression. In contrast, patients with de-
layed-onset depression had significantly poorer social
functioning, but less severe depression and less impairment
in activities of daily living, than did the group with
acute-onset depression. In addition, no specific relation-
ship between location of brain lesion and the occurrence of
delayed-onset depression has been found (Fann et al.
1995). Based on these findings, Jorge et al. (1993b) sug-
gested that acute-onset depression may be more related to
biological changes in an injured brain, whereas delayed-
onset depression may be more psychologically based.

Behavior and personality. Long-term alterations
in behavior and personality are also common following se-
vere TBI. For example, Jennett and Teasdale (1981) found
personality changes in approximately two-thirds of pa-
tients who sustained severe brain injuries. Changes that are
commonly associated with TBI include impulsivity, irrita-
bility, diminished drive, altered frustration tolerance, agi-
tation, aggression, and impaired social judgment (Bigler
1991; Jennett and Teasdale 1981; Mazaux et al. 1997; Olver
et al. 1996; Ponsford et al. 1995; Prigatano 1992; Silver et
al. 1987; Tennant et al. 1995).

Prigatano (1986) described three types of personality
and behavioral disturbances that occur following severe
TBI: organic disturbances, emotional reactions to injury or
attempts to cope with injury, and preinjury personality
characteristics that influence the expression of neurologi-
cal damage. “Organic” personality changes, such as re-
duced tolerance for stimulation, mental fatigue, irritability,
and difficulty with impulse control, are presumed to be
linked to the site of the injury. For example, specific lesions
in the orbitofrontal area have been linked to a behavioral
dyscontrol syndrome that includes disinhibition,
impulsivity, emotional lability, hyperactivity, and dimin-
ished awareness or concern for the implications of one’s
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behavior (Cummings 1985; Gualtieri 1991; Mattson and
Levin 1990) (see Chapter 32 in this volume). Generalized
frontal lobe lesions have also been associated with
perseveration, apathy, indifference, amotivation, abulia,
loss of empathy, poor social judgment, and a loss of the ca-
pacity for accurate self-monitoring (Lewis et al. 1992).
Temporal lobe injuries have been associated with irritabil-
ity and aggression. Frontotemporal lesions have been asso-
ciated with mood lability, inappropriate laughing and cry-
ing, and hypersexuality or hyposexuality. Temporoparietal
injuries have been associated with suspiciousness, para-
noia, and a tendency to misinterpret the intentions of oth-
ers (Gualtieri 1991).

Summary

While significant gaps in our knowledge remain, the neu-
ropsychiatric sequelae of TBI are becoming better under-
stood. Following mild TBI, time-limited deficits in areas of
higher level cognitive processing such as complex attention
and working memory are common, as are mild symptoms
of mood and behavioral disturbance. For the majority of
patients, symptom resolution occurs within 3 months of
the injury. For a minority of patients, symptoms of cogni-
tive and behavioral disturbance persist. The persistence of
symptoms in these patients appears to be related to multi-
ple factors, ranging from “secondary gain” in some to doc-
umented brain dysfunction in others. Among patients
whose TBIs are severe, more long-standing changes in
cognitive processing and behavior are likely. Although
more research is needed, preliminary evidence suggests
that some types of mood and behavioral disturbances do
correlate with TBI lesion location.

Neuropsychiatric Consequences
of Geriatric Traumatic Brain Injury

Animal Studies

Most of the experimental literature has focused on the
neuropathological changes that are associated with TBIs
and the course of these injuries over time. Experimentally
induced TBIs via methods such as fluid percussion, weight
drop, rigid indentation, and angular acceleration have been
helpful in elucidating the type and extent of injuries that
occur following TBIs at different levels of severity
(McIntosh et al. 1996; Povlishock and Coburn 1989).
Studies have demonstrated that the greater plasticity of an
immature central nervous system enhances the ability of
very young animals to recover from experimental brain in-

juries (Finger 1978). To date, however, the effect of ad-
vanced age on head injury in animals has received only lim-
ited attention (Hamm et al. 1992).

In one study, Hamm et al. (1991) reported that the
mortality rate for older rats (20 months) was approximately
three times greater than that for younger rats (3 months)
following experimentally produced (fluid percussion)
“mild” brain injury. Following a more severe fluid percus-
sion brain injury (i.e., “moderate injury”) mortality was five
times greater among the older rats. Using a similar model,
Hamm et al. (1992) also found age-related motoric and
cognitive deficits following a lower level (i.e., “mild”) fluid
percussion brain injury. In this study, weight was used as an
index of general health, balance beam performance as an
index of motor skill, and the Morris Water Maze Task as an
index of cognitive capacity. Older rats (20 months) had no
general health changes following the injury but did dem-
onstrate significant motoric and cognitive deficits. In con-
trast, the younger rats (3 months) did not display any
postinjury motor deficits and had less severe cognitive defi-
cits than did the older rats. Other investigators have dem-
onstrated slower and more deficient neuronotropic re-
sponse following experimentally induced TBI in older rats
relative to that in younger rats (Needles et al. 1985;
Whittemore et al. 1985). Finally, as reviewed in the last sec-
tion of this chapter, specific genetic factors also appear to
mediate neuronal repair and neurobehavioral recovery fol-
lowing TBI in animals (Chen et al. 1997).

Human Studies

Although limited, the available data on the neuropsychiat-
ric consequences of geriatric TBI have begun to shed light
on some of the central questions that must be addressed to
define the syndrome of geriatric TBI. These questions in-
clude 1) Can the effects of geriatric TBI be differentiated
from the effects of normal aging? 2) Do the neuropsy-
chological effects of TBI differ with age? 3) Can the syn-
drome of geriatric TBI be differentiated from the syn-
drome of dementia on the basis of neuropsychological test
performance? and 4) Do the neuropsychiatric and
psychosocial consequences of TBI differ with age?

Can geriatric traumatic brain injury be differ-
entiated from normal aging? Indirect support
for the hypothesis that the neuropsychological effects of
TBI in the elderly can be differentiated from the effects of
normal aging comes from the extensive literature on the ef-
fects of TBI among young adults (e.g., Levin et al. 1982,
1990) as well as one study (Mazzucchi et al. 1992) that
found a high rate of generalized cognitive impairment
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(e.g., approximately 50%) among a sample of older adults
(e.g., 50–75 years of age) who had recently sustained a TBI.

Two studies have directly tested and supported this hy-
pothesis. In the first, Goldstein et al. (1994) compared the
performance of older (50 years and older) patients who had
sustained a TBI of mild (n = 6) or moderate severity
(n = 16) with the performance of an older adult control
group (n = 16) on selected measures in four cognitive do-
mains: attention (e.g., reciting alphabet, reciting serial 3s,
reciting months forward and backward), language (e.g., vi-
sual naming, controlled oral word associating), memory
(e.g., California Verbal Learning Test [CVLT] [Delis et al.
1986], Continuous Visual Recognition Test [Hannay and
Levin 1998]), and executive functioning (Wechsler Adult
Intelligence Scale—Revised [WAIS-R] [Wechsler 1981],
similarities, modified card sorting). Nineteen of the 22 pa-
tients with geriatric TBI were tested within 3 months of
their injury. Consistent with the literature on TBI among
young adults, significant between-group differences were
found in three of the four domains (language, memory, and
executive functioning). The authors concluded that their
“findings indicate that mild to moderate closed head injury
in older adults produces cognitive deficits involving the
same neurobehavioral areas affected in young survivors”
(Goldstein et al. 1994, p. 964).

In a second study (Goldstein et al. 1996), the perfor-
mance of 15 geriatric patients with TBI was compared with
the performance of 15 normal elderly control subjects (and
15 patients with AD; see below) on measures of memory
(dementia version of the CVLT) and language processing
(naming and verbal fluency). Consistent with the findings
of their previous study (Goldstein et al. 1994), the geriatric
TBI group in this study performed significantly worse than
the elderly control group on measures of memory and
language.

An important methodological issue was raised by a
third recent study in this area. Aharon-Peretz et al. (1997)
also found that older patients (i.e., 60 years or older) with
TBI performed more poorly on neuropsychological tests
than did psychiatrically normal elderly control subjects.
However, in this study, the patients with TBI did not per-
form more poorly than orthopedic patients, suggesting
that the postinjury deficits in both patient groups may have
been partly the result of preexisting cognitive impair-
ments, which may have contributed to the etiology of the
injuries.

Do the neuropsychological effects of trau-
matic brain injury differ with age? To provide
conclusive support for the contention that TBI produces
similar deficits among young and older survivors, a

large-scale study of young and older adult patients with
TBI is needed that takes into account factors such as
premorbid level of functioning, role of substance abuse,
history of prior head injury, type of injury, severity of in-
jury, type and severity of other nonbrain injuries, and avail-
ability of rehabilitation and psychosocial support re-
sources. No such study exists. The assumption that older
age is associated with greater impairment comes from stud-
ies such as the one by Raskin et al. (1998) in which it was re-
ported that older adults performed more poorly than youn-
ger adults following TBI on a memory test. However, in
this study, the mean age of the sample was 38.1, “old” was
defined as over 40, and raw scores were used rather than
age-corrected scores.

In an attempt to address one aspect of this question,
Fields (1994) compared the neuropsychological test per-
formance of young (n = 472) and older (n = 96) adults who
1) sustained a mild TBI (GCS = 13–15) and 2) recovered
sufficiently within the first week following their injury to
complete a neuropsychological evaluation. A limitation of
this study was that it did not address the issue of whether
more elderly than young adults were too impaired to be
tested (i.e., had more severe initial outcome). However,
this design did ensure the comparability of the two groups
by requiring that all patients met the same inclusion
criteria.

As can be seen in Table 28–4, while the raw scores of
the older adults were significantly worse on seven of the
eight measures chosen, when the effects of age were con-
trolled by converting raw scores to age-based percentile
scores, the groups differed on only one of the eight mea-
sures (Digit Span Backward) (Table 28–4). These prelimi-
nary data support the conclusion of Goldstein et al. (1994)
and suggest that the acute neuropsychological effects of
mild TBI among patients whose initial recovery is rela-
tively uncomplicated are not significantly different with
age. However, whether there are age differences in the
long-term neuropsychological effects of TBI or the course
of neuropsychological recovery over time is not yet known.

Can geriatric traumatic brain injury be differ-
entiated from dementia? The ability to differen-
tiate the syndrome of geriatric TBI from dementia is im-
portant for clinical, as well as legal, reasons. Two studies
have provided preliminary guidelines in this area. Gold-
stein et al. (1996) compared the performance of 15 geriatric
patients following mild-to-moderate TBI (GCS = 9–15)
with the performance of 15 patients with probable AD (all
of whom were considered to be in the early stages of the dis-
ease) and 15 elderly control subjects. Geriatric patients
with TBI were tested approximately 6 weeks postinjury.

Traumatic Brain Injury 635



The test battery chosen for this study specifically included
two areas that are impaired in early AD, that is, memory
(via the dementia version of the CVLT) and language pro-
cessing (via tests of object naming and verbal fluency). Not
surprisingly, the elderly control subjects performed better
on the language and memory tasks than did both of the pa-
tient groups. Of relevance to the current discussion, com-
pared to the patients with TBI, the patients with AD 1) dis-
played poorer recall on the dementia version of the CVLT,
and 2) did not show the normal facilitation of verbal fluency
when asked to generate words in specific semantic catego-

ries (fruits/vegetables), as opposed to the generation of
word lists in more specific phonemic categories (words be-
ginning with specific letters).

In a second study, Young et al. (1995) compared the test
performance of 33 geriatric patients who had sustained a
recent TBI (in the previous week) with 35 elderly patients
who met criteria for mild dementia on measures of atten-
tion (Digit Span [Wechsler 1987], Trails A [Army Individ-
ual Test Battery 1944]), memory (Hopkins Verbal
Learning Test [HVLT] [Brandt 1991]), and executive func-
tioning (Trails B [Army Individual Test Battery 1944]). In
keeping with the finding of Goldstein et al. (1996), Young
et al. (1995) (Table 28–5) found that although the geriatric
group with TBI performed better overall than did the
group with AD, the only significant between-group differ-
ences were on measures of memory (HVLT, learning and
delayed recall) and executive functioning (Trails B), with
worse performance in the group with AD.

Does neuropsychiatric functioning differ with
age following traumatic brain injury? A m o n g
young adults, neuropsychiatric complaints are frequent in
the month following a TBI and can include physical
changes (e.g., headache, dizziness, sensitivity to light and
noise), cognitive difficulties (e.g., concentration, mem-
ory), and alterations in mood (e.g., depression, post-
traumatic anxiety) and behavior (e.g., impulsivity, irritabil-
ity) (Binder 1986; Bohnen and Jolles 1992; Bohnen et al.
1992). For most patients, these symptoms resolve in 3–6
months. Among the elderly, preliminary evidence suggests
that neurobehavioral recovery may be different and
slightly more complicated.

Levin (1995) reported on a preliminary study using the
Neurobehavioral Rating Scale to assess the functioning of
elderly patients with TBI or AD and elderly control sub-
jects. One month following their injury, patients with TBI
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TABLE 28–4. Comparison of neuropsychological
test performance of geriatric
patients (n = 96) versus that of
young adult patients (n = 472)
following mild traumatic brain
injury

Results

Test
Raw
score

Percentile
score

Digit span forward
Digit span backward

NS
P < .01

NS
P < .05

Trails A
Trails B

P < .001
P < .001

NS
NS

Wechsler Memory
Scale–Revised

Logical Memory–I
Logical Memory–II
Visual Reproduction–I
Visual Reproduction–II

P < .05
P < .01
P < .001
P < .001

NS
NS
NS
NS

Note. NS = not significant.
Source. Reprinted from Fields RB: “Traumatic Brain Injury in the
Elderly.” Paper presented at the annual meeting of the National Acad-
emy of Neuropsychology, Orlando, FL, November 1994.

TABLE 28–5. Comparison of neuropsychological test performance of geriatric patients with traumatic
brain injury (n = 33) versus patients with mild dementia (n = 35)

Test Geriatric patients with TBI Patients with dementia P value
Digit span forward
Digit span backward

7.8
5.0

6.9
4.5

Trails A
Trails B

69.1
193.8

97.6
266.4 P < .01

Hopkins Verbal Learning Test
Learning score
Delayed score

6.7
5.2

4.8
1.8

P < .001
P < .001

Note. TBI = traumatic brain injury.
Source. Reprinted from Young L, Fields RB, Lovell M: “Neuropsychological Differentiation of Geriatric Head Injury From Dementia” (ab-
stract). Journal of Neuropsychiatry 7:414, 1995.



reported difficulties in the areas of cognition, meta-
cognition, and language. When a subsample of this group
was reassessed 6 months following their injury, no signifi-
cant change in overall symptomatology was reported.

Similar results were found in another study of the nat-
ural history of post-TBI complaints in which the
self-reports of older patients (ages 50–95, n = 49) were
compared with the self-reports of younger patients (ages
18–45, n = 139) acutely and 4 months following their injury
(Fields et al. 1993). For this study, a 29-item questionnaire
(Post-Traumatic Neurobehavioral Screening Inventory
[PTNSI]) (Fields and Coffey 1994), which assesses symp-
toms commonly reported following TBI, was used (C. A.
Taylor et al. 1993). The two age groups were comparable in
terms of severity of head injury and severity of other non-
brain injuries. One month following the injury, neuro-
behavioral complaints were common among both younger
and older patients, and the overall symptom profiles were
quite similar, although symptoms of posttraumatic stress
disorder were more common among the younger group
and fatigue was reported more often in the older group. At
the 4-month follow-up, however, age-related differences
began to emerge (Table 28–6). The older patients endorsed
fatigue, difficulty processing information, dysphoric
mood, dizziness, and sensitivity to noise significantly more
than did the younger patients. In addition, there was an age
by time interaction found on three of the six subscales of
the test (cognitive, behavior, posttraumatic stress) such
that the older patients reported similar, or greater, distress
in these areas at 4 months than they had 3 months earlier,
whereas the younger patients reported improvement in all
of these areas across the same time period. Thus, although
preliminary, these findings suggest that the course of
neurobehavioral recovery following TBI in elderly pa-
tients may be different, and somewhat worse, than that in
younger patients.

Summary

To summarize, although limited, the available data on neu-
ropsychiatric outcome suggest that TBI in the elderly pro-
duces neuropsychological effects that are qualitatively sim-
ilar to the effects of TBI in young adults and that are
distinguishable from the effects of normal aging and de-
mentia. One important implication of these data is that if
elderly are evaluated with age-appropriate tests and norms,
a significant percentage (perhaps a majority) perform in a
manner that is not significantly worse than that of younger
adults, suggesting that not all elderly are at greater risk for
negative outcome. With regard to the differentiation of ge-
riatric TBI from dementia, the available data suggest that
learning, delayed recall, semantic processing, and execu-
tive functioning are cognitive domains that may differenti-
ate these two syndromes. With regard to neuropsychiatric
outcome, in addition to the general finding that older
adults are less likely to return to their preinjury level of
functioning, there is now preliminary evidence that the
course of recovery for older patients following a TBI may
be different, and somewhat worse, than the course for
younger patients.

Diagnosis and Management of
Neuropsychiatric Sequelae

The neuropsychiatric assessment and treatment of patients
who sustain TBIs will be more straightforward once diag-
nosis becomes more accurate, double-blind medication
trials for specific syndromes have been completed, and the
role of factors, such as age, in mediating response to treat-
ment is understood. Until then, the literature suggests a
number of potential principles that may provide guides for
developing assessment and treatment strategies.
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TABLE 28–6. Age differences in symptom report at 1 and 4 months following traumatic brain injury using
the Posttraumatic Neurobehavioral Screening Inventory

Percentage of sample
endorsing symptom

Age
18–45

Age
50–95 P

1 month
Fatigue

(n = 139)
48.6

(n = 49)
66.0 P < .05

4 months
Fatigue
Difficulty processing information
Dysphoric mood
Dizziness
Sensitivity to noise

(n = 54)
30.9
12.0
20.1

5.4
5.4

(n = 25)
72.0
44.0
45.8
24.0
20.0

P < .001
P < .005
P < .05
P < .05
P < .05



Diagnosis

The general assessment of symptoms following TBI can be
a difficult process, given the ambiguity present in the
symptom presentation, as well as the conflicting reports of
the accident. As Parker and Rosenblum (1996) discuss, rel-
evant information is often incomplete or inaccurate fol-
lowing traumatic injuries. This incomplete or incorrect
information may be the result of a variety of factors. Many
individuals with TBI may have presenting symptoma-
tology (e.g., memory loss) that prevents them from accu-
rately reporting the traumatic incident and resulting ef-
fects. In addition, the treatments that are used to prevent
secondary problems (e.g., paralyzing drugs, intubation,
pain management) may also hinder the informa-
tion-gathering process. Lastly, patients may experience
embarrassment or anxiety about re-experiencing the trau-
matic event, which may result in a reluctance to accurately
report the incident and subsequent symptoms (Parker and
Rosenblum 1996). As a result, many individuals with TBIs
may not be adequately assessed, and thus not properly
treated.

The diagnosis of a specific psychiatric disturbance in
patients following TBI is often problematic as well (Coffey
1987; Ross and Rush 1981). For example, valid and reliable
historical information may be difficult to obtain in patients
with language deficits (e.g., aphasia) or neglect syndromes
(e.g., unawareness or denial or illness). In addition, brain
disorders may distort the signs and symptoms of psychiat-
ric disturbances (e.g., complaints of hopelessness and help-
lessness secondary to depression may appear unconvincing
in a patient with aprosody). Behavioral disturbances that
result from TBI may be misdiagnosed as a psychiatric dis-
order, or, conversely, the behavioral disturbances that of-
ten accompany psychiatric illness may be mistakenly at-
tributed to a brain disorder (e.g., psychomotor retardation
of depression attributed to posttraumatic parkinsonism).
These difficulties in recognizing psychiatric illness in pa-
tients with TBI impede efforts to determine the neuroana-
tomical correlates of behavior and may lead to inappropri-
ate diagnosis and treatment.

Diagnostic process and tools. Accurate diag-
nosis requires an understanding of the neuropsychiatric
sequelae and the course of recovery of traumatic injuries of
different types, locations, and severities. In addition, be-
cause there are multiple possible causes of neuropsychiat-
ric symptoms, the evaluation of the patient with a TBI
should include a review of prior head trauma, developmen-
tal and academic history, occupational history, and social
history as well as a comprehensive psychiatric, medical, and

substance abuse assessment. Because discrepancies be-
tween the reports of patients and families are common fol-
lowing TBI (Oddy et al. 1985), the importance of collateral
history from relatives and hospital records is also critical.

With these general guidelines in mind, the assessment
of specific disorders may require flexible strategies. Re-
garding the assessment of depression, for example, Ross
and Rush (1981) suggest that, in addition to obtaining his-
tory from the patient and a reliable informant, clinical cues
such as a complicated recovery from the brain injury, multi-
ple “vegetative signs” of depression, atypical emotional
outbursts, aprosody, and an abrupt deterioration in the pa-
tient’s neurological status can be used to make a diagnosis.
Among elderly patients, additional factors that must be
considered include the presence of systemic medical con-
ditions, preexisting neurodegenerative disorders, and pos-
sible developmental changes in the phenomenology of de-
pressive symptoms related to aging (Caine et al. 1993).

Comprehensive assessment is further complicated by
the lack of assessment tools and an inadequate classification
system. Although current psychiatric diagnostic systems
provide a useful starting point for studying patients with
TBIs, it is possible that neuropsychiatric symptomatology
following such injuries may be better classified by other ap-
proaches. For example, the “bottom up” approach of the
Schedules for Clinical Assessment in Neuropsychiatry
(SCAN) (World Health Organization 1992) is promising
in that it assesses the presence and severity of a comprehen-
sive list of symptoms rather than (or in addition to) the tra-
ditional method of establishing a specific diagnosis. This
approach allows for the generation of clusters of symptoms
that may have clinical significance but that do not meet di-
agnostic criteria.

A related issue pertains to the limits of the current di-
agnostic classification system for patients with neuropsy-
chiatric disorders. Following TBIs, patients may have an
identifiable pattern of symptoms but may not meet criteria
for a DSM-IV disorder (American Psychiatric Association
1994). Furthermore, even when diagnostic criteria are met,
it may be difficult to determine whether the brain disease is
causal of the neuropsychiatric symptoms. Such etiological
judgments may at times be unreliable and invalid, and it has
been suggested that Axis I diagnoses such as major depres-
sion be kept purely phenomenological, with relevant causal
or contributory organic factors identified on Axis III (Fogel
1991).

Imaging. An improved diagnostic classification sys-
tem for patients with TBIs will ultimately depend on the
sensitivity of neuropsychiatric and neuropsychological as-
sessment instruments and the correlation between these

638 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



measures and indices of brain structure and function. Brain
imaging is critical for the assessment of most patients who
sustain a TBI, particularly for those with severe injuries
(GCS 3–8). Although controversy remains about perform-
ing CT scans after mild and moderate TBIs, evidence sug-
gests that approximately one-fifth of patients with mild
TBIs have abnormal CT scans (Wald 1995). Therefore,
routinely performing this procedure on individuals diag-
nosed with TBIs is still advisable. CT scanning is widely
used and the modality of choice for its ability to detect
intracranial hematomas, delineate bony structures of the
craniofacial skeleton, and identify skull fractures in the
acute (1–3 days) posttrauma period (Chakares and Bryan
1986; Pieper et al. 1996; Wald 1995; Yoshino and Seeger
1989).

Brain MRI is more sensitive than CT for assessing
parenchymal damage, including the diffuse axonal “shear”
lesions, and providing information about subcortical struc-
tures and the brainstem (Alavi 1989; Levin et al. 1985,
1987; Wald 1995). MRI also provides a better view of brain
tissue adjacent to the skull (e.g., inferior frontal regions and
temporal lobes) because, unlike CT, MRI is not subject to
beam-hardening artifact. However, because MRI does not
image bone, it is not helpful in assessing possible fractures,
nor can MRI be used in patients attached to metal respira-
tors or in those who have metal fragments (e.g., bullets or
shrapnel) in their heads (Levin et al. 1992; Pieper et al.
1996; Wald 1995). In addition, the use of MRI may be im-
practical in the initial assessment because it tends to be
time-consuming and often unavailable for immediate use
(Pieper et al. 1996). However, increased sensitivity of MRI
to the presence of brain lesions is particularly apparent
among patients with mild-to-moderate TBIs (Levin et al.
1992), and follow-up MRI studies have been shown to be
more predictive of eventual outcome (Wilson et al. 1988).
Structural brain imaging studies of elderly patients must be
interpreted within the context of changes that occur with
normal aging (see Chapter 9 in this volume).

Functional brain imaging studies (e.g., regional cere-
bral blood flow [rCBF], single photon emission computer-
ized tomography [SPECT], positron-emission tomogra-
phy [PET], and functional MRI) have not yet found a role
in the routine assessment of patients with TBI. Cerebral
blood flow and metabolism are reduced acutely after brain
injury, and the degree of metabolic suppression may be re-
lated to the severity of injury (Fieschi et al. 1974; Obrist et
al. 1979). Metabolic imaging techniques appear to be more
sensitive than either CT or MRI in detecting areas of brain
abnormalities after TBI (Alavi 1989; Alavi et al. 1986;
Langfitt et al. 1986; Ruff et al. 1989a), and such abnormali-
ties correlate more closely with neuropsychological per-

formance postinjury than do the structural changes seen on
CT or MRI (Ruff et al. 1989a). The clinical use of these
metabolic imaging techniques and their particular charac-
teristics in elderly patients must await further research (see
Chapters 10 and 11 in this volume).

Management

Early considerations. Based on age-related differ-
ences in the occurrence, pathophysiology, and sequelae of
TBI in elderly individuals, Fogel and Duffy (1994) recom-
mended guidelines for the acute and subacute assessment
and treatment of older adults. In the acute postinjury
phase, these recommendations include increased vigilance
regarding possible early or delayed vascular complications
(e.g., subdural hematoma and intracranial hemorrhage);
identification and management of neuropsychiatric
comorbidities (e.g., preexisting cognitive impairment, de-
pression, and alcoholism); and ongoing monitoring of neu-
ropsychiatric status if other medical problems predomi-
nate (e.g., serial assessment of mental status or functional
capacity during treatment for orthopedic injuries). In the
postacute phase, neuropsychiatric input is recommended
for determining capacity to benefit from formal rehabilita-
tion (e.g., based on degree of cognitive impairment, as well
as physical deficits); assessing and managing functional
deficits (e.g., capacity to take medication, live independ-
ently, or drive); and treating the behavioral and
psychosocial consequences of the TBI (Fogel and Duffy
1994).

Acute pharmacological treatment of brain in-
jury. The diverse nature of TBIs and the need for acute
management of multiple problems have made it difficult to
conduct double-blind studies of potentially beneficial
pharmacological strategies for TBI. In the absence of clini-
cally proven algorithms of care, a number of studies have
offered suggestions for treatment, as well as avenues for
further research. These treatment strategies include the
use of antioxidants or free-radical scavengers, as well as
gangliosides and cyclooxygenase inhibitors, to prevent sec-
ondary brain damage (Faden 1996; Wald 1995). Ganglio-
sides have been used with some success in patients with
acute strokes, subarachnoid hemorrhages, and spinal cord
injuries (Wald 1995).

The use of nimodipine, a calcium channel antagonist,
is also being investigated in the treatment of TBI. It has
been hypothesized that calcium channel blockers may
moderate the influx of calcium that occurs following trau-
matic injuries, thereby reducing secondary excitotoxic
damage. Although initial studies using nimodipine were
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favorable, subsequent studies demonstrated no significant
differences when compared with an untreated control
group (Wald 1995). The efficacy of other potential strate-
gies (e.g., narcotics, barbiturates, corticosteroids, and
N-methyl D-aspartate [NMDA] receptor antagonists) has
yet to be established in humans.

Finally, as discussed above, approximately 5% of pa-
tients with TBI develop posttraumatic seizures. As a result,
the use of anticonvulsants as a prophylactic measure has
been examined. Although some research suggests that the
use of prophylactic anticonvulsants reduces the occurrence
of seizures during the first week following head injury,
there is no demonstrated effect on reducing seizures after
the initial week (Malec and Basford 1996; Schierhout and
Roberts 1998; Temkin et al. 1990; Wald 1995).

Pharmacological treatment of neuropsychiat-
ric disorders. With regard to the neuropsychiatric
sequelae of TBI, a number of studies offer suggestions for
treatment, as well as avenues for further research. Reviews
of the literature (Dubovsky 1992; Silver et al. 1992) (Chap-
ter 34 in this volume) make several general points regard-
ing the pharmacological treatment of younger and older
adults with neuropsychiatric symptoms. First, until thera-
peutic interventions are able to limit the initial brain dam-
age from the traumatic injury, a primary role for medica-
tion remains the control of certain target symptoms such as
depression, anergia, mania, mood lability, agitation, anxi-
ety, psychosis, and aggression (Silver et al. 1992). Control
of such symptoms will have the additional beneficial effect
of increasing the patient’s capacity to participate in other
ongoing therapies, including psychotherapy and cognitive
rehabilitation (Silver et al. 1992) (also see Chapters 36 and
39 in this volume).

Second, patients who have experienced TBIs and pa-
tients who are elderly may be more sensitive to the effects
of many psychotropic medications including heterocyclic
antidepressants, monoamine oxidase inhibitors, lithium,
antianxiety agents, and neuroleptics (Dubovsky 1992; Sil-
ver et al. 1992). As a result, starting with lower doses, titrat-
ing medications in smaller increments, and ultimately us-
ing lower maintenance doses have been recommended
(Dubovsky 1992; Silver et al. 1992). Sedative and
anticholinergic side effects are of particular concern
(Dubovsky 1992; Silver et al. 1992). Other side effects in-
clude the risk of lowering seizure threshold among patients
with TBI (Silver et al. 1992) and the risk of cardiovascular
changes among elderly patients (Dubovsky 1992). To date,
the extent to which the interaction between a TBI and an
older brain alters sensitivity to medication is not known.

One example of the process of balancing efficacy with

the possible complications associated with pharmaco-
therapy after brain injury concerns the treatment of de-
pressive and anergic-abulic states. As noted above, one im-
portant limiting factor in this type of treatment is the risk of
lowering seizure threshold in patients who are already at
greater risk for seizures because of their brain injury (Silver
et al. 1991, 1992). Tricyclic antidepressants, for example,
have been reported to increase the likelihood of seizures af-
ter severe brain injuries (Wroblewski et al. 1990), whereas
methylphenidate apparently does not (Wroblewski et al.
1992). Therefore, methylphenidate may be a consider-
ation in retarded depressive and apathetic states following
brain injury.

Rummans et al. (1999) reviewed the world’s literature
for controlled blinded treatment trials in neuropsychiatry
and identified one study of TBI that met their criteria. In
that study, Wroblewski et al. (1996) randomly selected 10
patients with major depression, diagnosed according to
DSM-III-R, and recent TBI for a 3-month trial of
desipramine (105–300 mg/day) (n = 4) or placebo (n = 6).
Response was defined by a 50% reduction in number of
DSM-III-R depression symptoms. All four patients on pla-
cebo were blindly crossed over to desipramine after 1
month because of nonresponse. Three of the six patients on
desipramine and three of the four patients on placebo
crossed over to desipramine responded to the active drug.
Two patients receiving desipramine dropped out as a result
of adverse effects.

Uncontrolled studies have reported variable findings.
Modest improvement in depressive symptoms has been re-
ported among patients with TBI following trials of
carbamazepine (Varney et al. 1987) and fluoxetine (Cassidy
1989). In contrast, Dinan and Mobayed (1992) reported
improvement in depressive symptoms in only 4 of 13 pa-
tients with mild TBI who met DSM-III criteria for depres-
sion and who were treated with amitriptyline, compared
with 11 of the 13 patients with DSM-III major depression
without TBI. Similarly, Saran (1985) found no significant
improvement in mood in a sample of 10 patients with mild
brain injury who were treated with phenelzine or
amitriptyline.

Variability in responsiveness to treatment for depres-
sion across studies may be a result of several factors includ-
ing differences in degree of structural brain changes
(Coffey et al. 1989) and differences in diagnostic criteria
(Silver et al. 1991). It is also possible that different subtypes
of depression exist among this population. For example,
Silver et al. (1991) hypothesized that depressive symptoms
related to stroke-like focal disruption of neurotransmitter
receptors may be more responsive to selective serotonin
reuptake inhibitors than those symptoms that may be
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caused by the release of neurotoxins during more diffuse
and severe injuries. Similarly, as discussed above, Jorge et
al. (1993b) proposed subtypes of depression based, in part,
on the point at which symptoms develop (e.g., early-onset
depression was associated with lesion location; de-
layed-onset depression, with social factors). Until issues
relating to diagnostic subtypes have been resolved and ef-
fective treatment strategies have been established, the fo-
cus of pharmacotherapy for posttraumatic neuropsychiat-
ric disorders among elderly patients will remain the
application of conventional treatment strategies for symp-
tom management.

With regard to the cognitive sequelae of TBI, a recent
case study (Taverni et al. 1998) of two patients (ages 21 and
46) suggested that donepezil (an acetylcholine-esterase in-
hibitor approved for use with patients with AD) may be
helpful in reducing memory dysfunction following TBI.
Figure 28–4 includes three clock drawings from a
79-year-old patient (with a doctoral-level education) who
was started on donepezil and placed in a personal care facil-
ity after his fourth known TBI in 3 years. In this patient,
who also had a history of lacunar infarctions, the addition
of donepezil to his previous medication regimen (which in-
cluded methylphenidate [Ritalin]) resulted in a generalized
improvement in the areas of orientation, attention,
short-term memory, and visuospatial capacities.

Psychotherapeutic strategies. For most of this
century, a brain injury was considered to be an exclusionary
criterion for psychotherapy. However, a number of authors
have now argued convincingly for the role of psychother-
apy following TBI (Burke 1995; Cicerone 1991; Cicerone
et al. 1996; Lewis 1991; Lewis et al. 1992; Prigatano 1991a;
Prigatano and Klonoff 1990). As with pharmacological
strategies, this literature has focused on younger patients
and lacks well-controlled studies.

In a review of the literature, Starratt and Fields (1991)
suggested that two major themes are consistently empha-
sized by those conducting psychotherapy with patients
with brain injury: 1) maintenance of self-identity and
self-esteem in the face of loss and 2) the management of
anxiety and affect. Attempts to adjust to the emotional
dysregulation and to the cognitive, physical, vocational,
and interpersonal losses that often accompany TBI are
complicated by factors such as embarrassment, guilt, and
premorbid attitudes and beliefs about persons with disabil-
ities. The process of therapy, therefore, includes efforts to
help patients understand their changed experience of the
world, to facilitate the process of mourning over personal
and other losses, and to promote adaptation to different
types of existence (Lewis et al. 1992).

Although psychotherapeutic strategies for patients
with brain injury range from psychoanalytical to social
learning and behavioral, a common denominator has been
the need to depart from traditional approaches (Forrest
1992). The importance of this point cannot be overstated,
as the demands and process of traditional psychotherapy
can make some patients more distressed. Prigatano et al.
(1988), for example, warned of increased paranoia among
delusional patients with brain injury in “insight-oriented”
groups and of behavior modification programs that may be
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FIGURE 28–4. Serial clock drawings from a 79-year-old
patient with four known traumatic brain injuries before (3/98)
and after (5/98 and 7/98) starting donepezil and moving to a
personal care facility.



perceived by patients as overly intrusive or controlling.
Based on the degree to which patients with brain injury

are able to tolerate individual therapy sessions, the length,
frequency, and location of these sessions may need to be
modified. Barth and Boll (1981) suggested a number of
such modifications. First, the behavior of patients with
brain injury should not necessarily be equated with that of
other therapy patients. For example, failure to keep an ap-
pointment may reflect a cognitive deficit rather than
“avoidance.”

Second, the type(s) of therapy will differ based on the
nature and the severity of the injury. Some patients with
significant cognitive and memory deficits may have limited
awareness of their deficits (Prigatano 1991b) and may be-
come increasingly distressed when confronted with their
impairments (e.g., patients with frontal lobe lesions who
demonstrate “catastrophic” reactions during challenging
neuropsychological testing). Others may be able to iden-
tify their deficits but may not have the executive function-
ing capacities necessary to deal with them in an in-
sight-oriented manner, and, as a result, they may become
overwhelmed by this approach. Psychoeducational ap-
proaches are often helpful in providing the context for pro-
moting postinjury adjustment, but all approaches should
be tailored to the needs and resources of the individual pa-
tient. Insight-oriented, interpersonal, supportive, and
cognitive approaches may be useful with patients whose
relatively mild injuries have resulted in narcissistic injuries,
survival guilt, and adjustment disorders. In contrast, be-
havioral approaches may be more applicable for patients
with significant cognitive impairment who display more
severe behavioral disruption.

Third, the timing of the intervention is important.
Early in the postinjury period, patients may deny or may be
unaware of the existence of neuropsychiatric problems and
may resist treatment. Fourth, the pace of therapy may need
to be slower with more frequent sessions. Finally, the goals
for therapy may be different for patients with brain injury.
Rather than seeking a complete resolution of conflicts,
more appropriate goals may include increasing tolerance
for frustration, improving acceptance of deficits, and es-
tablishing contingency plans for daily stressors (Starratt
and Fields 1991).

Psychotherapy with older adults who have sustained
TBIs is similar to psychotherapy with older adults who
have experienced other types of physical or cognitive losses
(see Chapter 36 in this volume). Like patients with TBIs,
some patients who have had strokes or signs of early de-
mentia are distressed by their losses, whereas others have
limited awareness of these changes in functioning. Dealing
with issues such as loss, mortality, financial concerns, envi-

ronment change, and unresolved personal and family mat-
ters is common among older adults in distress. Among
those patients who are less distressed, the focus of interven-
tion is typically on the caregiver who may experience both
the burden of caregiving and the loss of emotional support
from the injured patient. A number of “barriers” exist that
limit the use of mental health services by elderly individuals
(Gatz et al. 1985). These barriers include those related to
the patients themselves (e.g., lack of psychological sophis-
tication and importance of self-reliance), their therapists
(e.g., ageist stereotypes, countertransference issues, and
economic considerations), and their environments (e.g.,
travel and accessibility of location).

Rehabilitation and family considerations.
Because of the difficulties inherent in researching the ef-
fectiveness of rehabilitation on TBI populations, much
controversy and skepticism exist in regard to the benefits of
such programs. A number of these criticisms pertain to the
lack of a physiological focus, the ambiguity of defining
“success,” and the difficulty in monitoring the quality of
the programs (Cope 1995). However, evidence of the bene-
ficial effects of rehabilitation is increasing (see Chapter 39
in this volume). For example, studies have demonstrated
that early (less than 7 days postinjury) rehabilitation in the
acute setting resulted in shorter hospital stays and better
functional outcomes. Other studies have demonstrated the
effectiveness of outpatient and vocational rehabilitation in
increasing employment and productivity, while decreasing
emotional distress and the need for supervision (Cope
1995; Eames et al. 1995; Malec and Basford 1996).

With regard to elderly patients with TBI, even less is
known about the effect of rehabilitation. Although the con-
ventional wisdom is that the elderly will not benefit as
much from traditional rehabilitation methods, little re-
search has been conducted in this area. As Malec and
Basford (1996) point out, although many studies report a
negative association between age and the outcome of reha-
bilitation, a majority of these studies do not include elderly
patients. Therefore, questions still exist as to the benefits of
incorporating such treatment into their medical care.

The treatment of patients with TBIs must also take
into account the resources of the patient’s social support
network. Involvement with the family may need to include
psychoeducational approaches, stress management, and
episodic or prolonged grief therapy. Such involvement also
needs to take into account the specific neurobehavioral
deficits of the patient. For example, patients whose
frontotemporal injuries affect their capacity to tolerate
frustration, learn new information, and deal with ambigu-
ity may do better if families provide them with highly struc-
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tured, predictable, and low-stress environments. In con-
trast, patients with frontal or right-hemisphere lesions who
are anergic and may not perceive, or who misperceive, sub-
tle nuances of verbal and nonverbal communication may
do better when family members exaggerate facial expres-
sions and voice quality to increase the likelihood that they
are understood accurately. Among elderly patients, inter-
vention strategies such as these become problematic when
social support systems are limited in size or capacity (e.g.,
spouse with dementia).

Summary

The diagnosis and management of the neurobehavioral
consequences of TBI is still a relatively new endeavor. In
the absence of clear diagnostic criteria and proven treat-
ment algorithms, clinicians will benefit from an approach
that is more comprehensive, open, and flexible and less
reductionistic. For some patients, like Phineas Gage,
changes in behavior can be explained by a specific acquired
lesion. For most patients (like the patient who drew the
clocks in Figure 28–4), however, diagnosis, and certainly
treatment, is more complicated and needs to take into ac-
count multiple factors.

Traumatic Brain Injury and
Alzheimer’s Disease

Findings From Dementia Pugilistica

A potential link between TBI and AD is a logical hypothe-
sis, given the relatively high prevalence of dementia among
former boxers who experienced repeated head injuries ear-
lier in life (Corsellis et al. 1973; Roberts 1969; Roberts et al.
1990). Dementia pugilistica (DP), or “punch-drunk” syn-
drome, can develop late in a boxer’s career or several years
after retirement. Typically, DP includes parkinsonian-like
symptoms such as dysarthria, tremor, ataxia, and
bradykinesia as well as general cognitive deterioration and
personality change (Roberts 1969). Neuroanatomically,
abnormalities of the septum pellucidum, cerebellar scar-
ring, and degeneration of the substantia nigra have been re-
ported (Corsellis et al. 1973). Histopathologically, DP was
initially described as including neurofibrillary tangles in
the absence of senile neuritic plaques (Corsellis et al. 1973).
However, studies (Roberts et al. 1990) have documented
that patients with DP have β-amyloid deposits (i.e.,
plaques) that are comparable to those seen in AD, suggest-
ing that AD and DP may result from similar pathogenetic
processes (Allsop et al. 1990; Roberts et al. 1990).

Epidemiological Studies

The question of whether a single significant head injury in
adulthood increases the risk of developing dementia in
later life has been posed for some time (e.g., Corsellis and
Brierly 1959) but has received increased attention over the
past two decades, with somewhat conflicting results. In the
majority of studies comparing patients with AD with
matched elderly control subjects, TBI was found to be sig-
nificantly more common in the histories of the patients
(Graves et al. 1990; Henderson et al. 1992; Heyman et al.
1984; Mayeux et al. 1993a; Mortimer et al. 1985; O’Meara
et al. 1997; Rasmusson et al. 1995; Salib and Hillier 1997;
Schofield et al. 1997). Despite methodological differences
between studies in areas such as how the TBI or “head in-
jury” was defined, the odds ratio (OR), or estimate of rela-
tive risk for AD in patients with a history of TBI, was fairly
comparable in several studies (e.g., Graves et al. 1990,
OR = 3.5; Mayeux et al. 1993a, OR = 3.7; Mortimer et al.
1985, OR = 4.4). Not surprisingly, other studies have re-
ported greater variability in risk for AD (e.g., Van Duijin et
al. 1992, OR = 1.6; Rasmusson et al. 1995, OR = 13.75),
and a minority of studies did not find a significant associa-
tion between a history of TBI and AD (Broe et al. 1990;
Chandra et al. 1987; Williams et al. 1991). In their
meta-analysis of the literature in this area, Mortimer et al.
(1991) pooled data from several studies and concluded that
a history of TBI with loss of consciousness was significantly
more common in patients with AD than it was in control
subjects and that it appeared to be more of a risk factor for
men than for women and for sporadic cases of AD than for
familial cases. More recent studies have supported the con-
clusions that the association between TBI and AD is stron-
ger 1) in men (O’Meara et al. 1997; Salib and Hillier 1997),
2) when the length of consciousness is longer (Mayeux et al.
1993a; Schofield et al. 1997), 3) when the patient is older
(Mayeux et al. 1993a), and 4) when the injury occurred
within 5 years of the onset of symptoms of AD (Mayeux et
al. 1993a).

The sporadic versus familial genetic question remains
an unresolved one. In one study, Rasmusson et al. (1995)
found that although a history of TBI was reported in 29%
of their cases with AD and in only 3% of their control sub-
jects, the OR was higher for the sporadic cases of AD (25.4)
than it was for the familial cases (8.25). Similarly, O’Meara
et al. (1997) found an association between TBI and AD
among the men in their sample, but no increased risk for
AD among their patients who had a specific genotype that
increases risk for AD (i.e., apolipoprotien e-4; see below).
Dramatically different conclusions were reached by
Mayeux et al. (1995) and Tang et al. (1996), who found that
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a history of TBI was associated with increased risk for AD
only in the presence of the specific apolipoprotein E e-4 ge-
notype. Increased risk for AD was not associated with a his-
tory of TBI in these studies but was increased 10-fold when
there was a history of TBI and at least one e-4 allele.
Mayeux et al. (1995) concluded that “the biological effects
of head injury may increase the risk of AD, but only
through a synergistic relationship with apolipoprotein
E-4” (p. 555).

Role of β-Amyloid Deposition in
Alzheimer’s Disease and
Traumatic Brain Injury

Deposition of β-amyloid is one of the central pathological
events in the neuronal degeneration that occurs in AD
(Hardy 1994; Hardy and Allsop 1991) (see Chapter 24 in
this volume). βAP deposits are found at the core of the se-
nile plaques that are common in AD and selected other
neurodegenerative disorders, and abnormalities in the
processing and deposition of β-amyloid have been linked
to increased risk for AD (Hardy 1994). βAP is part of a large
transmembrane β-amyloid precursor protein (βAPP) that
is encoded by a gene on chromosome 21 (Kang et al. 1987).
β-Amyloid originates in the metabolism of βAPP, and solu-
ble βAP accumulates in the brains of patients with AD until
it polymerizes into amyloid fibers (Tabaton 1994). Deposi-
tion of βAP as the result of this “amyloid cascade” (Hardy
and Higgins 1992; Selkoe 1993) produces neuronal degen-
eration.

The high prevalence of AD and diffuse deposition of
βAP in the brains of patients with Down’s syndrome
(trisomy 21) (Giaccone et al. 1989) and in patients with mu-
tations of the βAPP gene on chromosome 21 (Murrel et al.
1991) provide strong evidence of the critical role that βAPP
plays in the development of early-onset AD (Hardy 1994).
These findings also provide a genetic model of how the ap-
parently lifelong overexpression and metabolism of the
βAPP may cause AD.

An environmental model of how this process occurs
has been proposed based on the findings from patients with
DP and young adults who die following severe TBIs. As
noted above, the findings of β-amyloid deposits in patients
with DP (Roberts et al. 1990) suggest a causative role of re-
peated brain injuries in producing a dementia that resem-
bles AD neuropathologically. Furthermore, in a study of
patients of various ages who died following a severe head
injury, β-amyloid deposits were found in 30% of the pa-
tients and βAPP immunoreactivity was increased in all of
the patients examined (Roberts et al. 1991, 1994). Al-
though more common in older adults, βAP deposition in

this study was found in young adults and children as young
as 10 years of age. Of relevance to the elderly was the find-
ing that, in addition to increased likelihood of βAP deposi-
tion with advancing age, there was an increased likelihood
of βAP deposition following an injury sustained in a fall
than in any other type of injury.

These findings extended the conclusions based on the
patients with DP and suggested that even one significant
brain injury can have a significant effect on the process of
amyloid deposition and that this process occurs rapidly fol-
lowing brain injury. Although the mechanism by which this
process occurs is not yet clear, Roberts et al. (1994) hypoth-
esized that increased expression of βAPP may be part of an
acute phase response to neuronal injury in the human brain
designed to stabilize damaged synaptic membranes, pro-
mote synaptic plasticity, and facilitate repair and regenera-
tion. They suggest further that induction of βAPP in the
brain may be a normal, and possibly protective, response to
neuronal injury, which, in susceptible individuals, might
initiate a disease process.

Role of Apolipoprotein E-4 Allele in
Dementia Pugilistica, Alzheimer’s
Disease, Traumatic Brain Injury, and
Cholinergic Function

Another apparently critical component in understanding
both amyloid deposition specifically and neuronal repair in
general is the now well-documented finding that risk for
AD has been linked to a specific allele for apolipoprotein E
(ApoE) on chromosome 19 (Saunders et al. 1993;
Strittmatter et al. 1993) (see Chapter 24 in this volume).
ApoE was previously identified as having a role in choles-
terol metabolism and, as a result, related to risk for coro-
nary artery disease and stroke (Mahley 1988). Of relevance
to AD, ApoE also has been found to bind with high affinity
to β-amyloid in the cerebrospinal fluid and to be present in
the senile plaques and tangles that are the hallmark of AD
(Saunders et al. 1993). One hypothesis is that ApoE con-
tributes to the risk of AD by mediating amyloid deposition
(Rebeck et al. 1993; Schmechel et al. 1993) via genetic vari-
ability of the ApoE allele, which has three common vari-
ants: e-2, e-3, and e-4. The e-3 allele is most common and
accounts for approximately 78% of the ApoE alleles in
American and European whites (vs. 15% for the e-4 allele
and 7% for the e-2 allele) (Utermann et al. 1980). It now ap-
pears that the presence of the e-4 allele increases the risk for
AD (Brousseau et al. 1994; Corder et al. 1993; Mayeux et al.
1993b; Myers et al. 1996; Poirier et al. 1993; Saunders et al.
1993; Strittmatter et al. 1993), whereas the presence of the
e-2 allele may be protective against AD (Corder et al. 1993;
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Myers et al. 1996; Talbot 1994). In one study (Mayeux et al.
1993b), for example, the OR for AD for older adults who
were homozygous for the e-4 allele (i.e., two e-4 alleles) was
17.9 and the OR for those who were heterozygous (i.e., one
e-4 allele and one other allele) was 4.2 compared with that
in older adults with other ApoE alleles.

The role that ApoE plays following nervous system in-
jury is not well understood. Following peripheral nervous
system injury, it has been reported that ApoE levels in-
crease 250-fold (Boyles et al. 1990), possibly to increase
cholesterol acquisition by the regenerating nerve
(Rubinsztein 1995). A similar process has been postulated
for central nervous system injury (Mahley 1988) and has re-
ceived significant support from the animal literature. An
animal model of ApoE deficiency was developed via
ApoE-targeted genetic disruption and recombination of
embryonic stem cells (Thomas and Capecchi 1987). Initial
studies of ApoE-deficient mice revealed specific impair-
ments in behavioral (e.g., working memory) and
neurochemical (e.g., reduced cortical and hippocampal
choline acetyltransferase activity) functioning. Recently,
the role of ApoE mediation in neuronal repair following
experimentally induced TBI (i.e., via weight drop) was in-
vestigated (Chen et al. 1997). In this study, ApoE-deficient
and control mice were compared on measures of suscepti-
bility to injury, rate and extent of recovery from injury, de-
gree of cognitive and neurological dysfunction, and
histopathological changes in the hippocampus. Overall,
the results suggested a clear role for ApoE in mediating
neuronal repair and behavioral recovery following TBI.
Specifically, although the initial effects of the TBI were
equivalent among the two groups, the ApoE-deficient
mice displayed: 1) greater cognitive and motor impair-
ment, 2) markedly impaired learning, and 3) greater
neuronal death of CA3 hippocampal cells relative to the
control mice. The authors concluded that the increased
vulnerability for negative consequences following TBI
among ApoE-deficient mice appeared to be the result of
defects in ApoE-dependent neuronal repair mechanisms.

In humans, a role for ApoE in neuronal repair and re-
modeling after neuronal injury has been suggested,
wherein the apolipoprotein E e-3 genotype is more effec-
tive in promoting neuronal repair than is the e-4 genotype
(Weisgraber and Mahley 1996). This hypothesis has re-
ceived support from two recent studies. Jordan et al. (1997)
reported an association between ApoE genotype and de-
gree of chronic neurological deficits in boxers. Specifically,
while “low-exposure” boxers had less severe neurological
deficits regardless of ApoE status, the severity of neurolog-
ical deficits among “high-exposure” boxers was signifi-
cantly worse among those with the ApoE e-4 allele. Simi-

larly, Teasdale et al. (1997) found that negative outcome
(e.g., death, vegetative state, or severe disability) 6 months
following TBI was significantly worse among patients with
an ApoE e-4 allele (57%) than among patients without an
ApoE e-4 allele (27%). A limitation of this study was that
64% of the ApoE e-4 sample had moderate-to-severe inju-
ries (GCS = 3–12), whereas only 34% of the non-ApoE e-4
sample had moderate-to-severe injuries. The authors
pointed out, however, that the association between ApoE
status and outcome remained significant even when adjust-
ments were made to control for age, GCS, and CT find-
ings.

Summary

Recent studies have suggested a link between TBI in adult-
hood and the development of AD in later life. Although
more prospective longitudinal studies of this proposed as-
sociation are needed, the available data are intriguing and
provide a conceptual model for considering TBI as one
piece of the pathogenetic puzzle of AD. In this model, a
TBI at any age (but apparently more so in older men with
less capacity for neuronal repair) can set into motion a re-
sponse that may be protective at the time of the injury but
that, for some patients, may lay the foundation for the be-
ginning of AD. More research is needed to determine
whether this occurs in a manner in which the TBI per se is
an environmental risk factor for AD and therefore is more
common in sporadic cases (as suggested by Rasmusson et
al. 1995); interacts synergistically with a genetic predispo-
sition (e.g., ApoE e-4), and therefore is more common in
genetically vulnerable individuals (as suggested by Mayeux
et al. 1993 and Tang et al. 1996), or occurs via some other
mechanism. The results of such studies may tell us a great
deal about the pathophysiology of both TBI and AD.

Final Summary

Epidemiological studies consistently document that geri-
atric TBI in the elderly is a relatively common phenome-
non with several unique features. Compared to TBI among
young adults, the occurrence of geriatric TBI is associated
with differences in gender distribution, mechanism of in-
jury, history of TBI, role of alcohol, and severity of injuries.
Although older adults are, as a group, more likely to experi-
ence negative outcome, not all elderly are at greater risk for
negative outcome. Determining the role that age plays in
mediating outcome requires an awareness of factors such as
preexisting impairment, type of injury, and the severity of
other (i.e., nonbrain) injuries.
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The neuropsychiatric assessment and treatment of ge-
riatric TBI in the elderly is in its infancy. There is prelimi-
nary evidence that the syndrome of geriatric TBI can be
distinguished from normal aging and from dementia based
on neuropsychological test performance and that neuro-
psychiatric recovery following TBI may take longer among
older adults. The limited data on the neuropsychological
effects of TBI in the elderly suggest that these effects are
similar to the effects on younger adults following TBI;
however, studies on the long-term neuropsychological ef-
fects of TBI among older adults do not exist. With regard
to neuropsychiatric treatment, until better diagnostic cri-
teria and treatment algorithms are established, clinicians
may benefit from following principles such as 1) monitor-
ing for specific age-related problems (e.g., subdural
bleeds), 2) monitoring for increased sensitivity to medica-
tion side effects, 3) looking for possible altered responsive-
ness to treatment, 4) reducing seizure threshold, and
5) considering nontraditional pharmacological and psy-
chotherapeutic strategies.

Finally, the proposed link between TBI and AD may
lead to a better understanding of the pathogenesis of both
TBI and AD. The hypothesis that TBI increases the risk for
AD via early deposition of the βAP among individuals with
deficient neuronal repair mechanisms is becoming more
credible; however, additional work is needed to determine
if this or some other hypothesis will provide the most con-
vincing explanation of the available data.
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Epilepsy

Mario F. Mendez, M.D., Ph.D.

Epilepsy is associated with a variety of
behavioral conditions that may be espe-

cially severe in elderly patients (Table 29–1). Seizure
disorders can have psychosocial consequences, neuropsy-
chological effects, seizure-related behavioral manifesta-
tions, and medication-induced behavioral changes.
Moreover, throughout much of recorded history, patients
with epilepsy have been considered to be prone to psy-
chopathology during their seizure-free periods (Kraepe-
lin 1923). In modern times, the belief in a universal epi-
leptic predisposition to psychopathology has declined in
favor of a specific predisposition of patients with tempo-
ral lobe epilepsy (TLE) to psychosis, depression, and
other psychopathology (Gibbs et al. 1948). Although not
systematically studied in the elderly population, this
psychopathology can persist in later years. In this chapter,
I explore the behavioral aspects of epilepsy that might af-
fect elderly patients and conclude with a discussion of
management issues.

Demography and Definitions

Seizures result from abnormal neuronal discharges in the
brain. They are sudden, involuntary behavioral events
caused by excessive or hypersynchronous electrical dis-

charges, often from hyperexcitable neurons. Seizures can
be primary, secondary to a brain lesion, or symptomatic
from acute, situational conditions such as sleep deprivation
or drug withdrawal. The term epilepsy refers specifically to
recurrent unprovoked seizures and includes primary and
secondary epileptic seizures, but excludes symptomatic
ones. The International Classification of Epileptic Sei-
zures (Commission on Classification and Terminology of
the International League Against Epilepsy 1981) further
divides epileptic seizures into generalized (characterized
by an initial widespread bihemispheric involvement) and
partial (characterized by an initial focal onset in part of one
hemisphere) (Table 29–2).

Epilepsy is a common neurological disorder. It affects
up to 2 million people in the United States, has prevalence
rates of 5–8 per 1,000, and has an overall annual incidence
of about 30–50/100,000 person-years (Annegers 1997).
The incidence of new-onset epilepsy is highest in the first
year, drops to a minimum in individuals in their 30s
through 50s, and increases again in those over age 60 to an
annual incidence of 77–92/100,000 (Annegers 1997;
Hauser 1992). Although two-thirds of epilepsy in young
adults is idiopathic, more than half of elderly patients with
epilepsy have a known cause (Hauser 1992). In those over
age 65, about one-third have a cerebrovascular etiology for
their seizures, approximately 10%–15% have brain tu-
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mors, and up to 23% have infections, trauma, or other sec-
ondary lesions (Luhdorf et al. 1986; Sanders and Murray
1991). Furthermore, in a study of elderly people with unex-
plained seizures, small vascular changes occurred more
commonly in those with epilepsy than in nonepileptic con-
trol subjects (Shorvon et al. 1984).

Clinical Aspects of Epilepsy

In adults, the three most common types of seizures are
1) generalized tonic-clonic seizures (GTCSs), with con-
vulsions (also known as grand mal seizures); 2) complex par-
tial seizures (CPSs), with an alteration of consciousness;
and 3) simple partial seizures (SPSs), with isolated motor,
somatosensory, autonomic, or psychic symptoms (Table
29–2). SPSs that evolve to CPSs are considered auras, and
CPSs that evolve to GTCSs are secondarily generalized. Al-

though about one-third of all patients with epilepsy have
CPSs, about one-half of elderly patients with epilepsy have
CPSs, reflecting the increased specific focal causes of their
epilepsy (Hauser 1992). On electroencephalography
(EEG), these seizure disorders may have interictal spikes
and other markers of abnormal electrical activity, most
commonly emanating from a temporal lobe. In addition,
variants of childhood absence (petit mal) seizures, which re-
sult in brief lapses of consciousness, occur occasionally in
elderly patients.

The evaluation of new-onset seizures in the elderly in-
cludes the identification of cerebrovascular, neoplastic,
and other acquired neuropathology; the exclusion of acute,
symptomatic seizures; and the characterization of any
epileptiform discharges. These patients need neuro-
imaging of the brain, preferably magnetic resonance imag-
ing with its superior resolution for most parenchymal le-
sions. Routine X-ray and laboratory studies help exclude
the presence of symptomatic seizures. In addition, a lum-
bar puncture is indicated in the presence of a persistent al-
teration of consciousness, especially if accompanied by fe-
ver and meningeal signs. EEGs are more likely to define
the type of epileptiform changes if the patient attains
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TABLE 29–1. Behavioral disorders in epilepsy

Psychosocial
Low self-esteem, dependency, helplessness
Fear of loss of control
Stigmatization
Loss of independence
Associated marital, job, transportation, and

related problems
Neuropsychological

From seizures
From underlying lesions/disease
From antiepileptic drugs (AEDs)

Ictally related
Prodromal symptoms: dysphoria, apprehension, etc.
Ictal automatisms and psychic symptoms
Nonconvulsive status: simple partial seizures, complex

partial seizures, absence, and periodic lateralizing
epileptiform discharges

Postictal confusion and other postictal behaviors
Ictal/postictal intermixed behaviors: twilight states, etc.
Psychotic episodes related to the ictus

Interictal
Chronic schizophrenic psychosis
Depression
Suicide
“Heighthened significance” and other personality

changes
Miscellaneous: hyposexuality, aggression, dissociative

states, etc.

TABLE 29–2. The International Classification of
Epileptic Seizures

I. Partial (focal, local) seizures
A. Simple partial seizures (SPSs)

Motor, somatosensory, autonomic, or psychic
symptoms

B. Complex partial seizures (CPSs)
1. Begin with symptoms of simple partial seizure

but progress to impairment of consciousness
2. Begin with impairment of consciousness

C. Partial seizures with secondary generalization
1. Begin with simple partial seizure
2. Begin with complex partial seizure (including

those with symptoms of simple partial seizures
at onset)

II. Generalized seizures (convulsive or nonconvulsive)
A. Absence (typical and atypical)
B. Myoclonus
C. Clonic
D. Tonic
E. Tonic-clonic (GTCSs)
F. Atonic/akinetic

III. Unclassified

Source. Adapted from Commission on Classification and Terminol-
ogy of the International League Against Epilepsy 1981.



drowsiness or sleep during the tracing. However, comput-
erized EEG techniques, which may help in mapping a
structural lesion, are not very useful for evaluating these
discharges.

Epileptic seizures must be differentiated from syncope
and from nonepileptic seizures. Patients with brief lapses
of consciousness but without typical ictal features or
postictal confusion usually have syncope from a cardiovas-
cular, toxic-metabolic, or cerebrovascular cause; however,
these lapses could be atypical seizures, particularly if they
are of frontal lobe origin. Some elderly patients may have
syncope-like ictal events such as brief periods of amnesia or
falling episodes (Godfrey 1989). Nonepileptic seizures, or
pseudoseizures, are the most frequent conversion reaction
among patients with seizures. Patients with nonepileptic
seizures are most commonly young women with psycho-
logical stressors and poor coping skills, but nonepileptic
seizures may occur in elderly patients. Nonepileptic sei-
zures are characterized by a sudden collapse or by motor
activity that does not fit a typical CPS or GTCS, ictal dura-
tions of two or more minutes, occurrence in the presence of
a witness, possible induction with injections or suggestion,
poor responsiveness to antiepileptic drugs (AEDs), and
lack of a seizure-induced rise in serum prolactin levels
(Kuyk et al. 1997; Lesser 1996).

The neuropsychiatric aspects of epilepsy include four
categories: psychosocial, neuropsychological, ictally re-
lated behavioral alterations, and interictal psycho-
pathology (Table 29–1). Psychosocial aspects are those di-
rectly the result of the stress of having a seizure disorder,
and neuropsychological aspects refer to persistent distur-
bances in cognitive abilities. Temporary behavior changes
also occur either before, during, or after a seizure as a direct
result of ictal or seizure discharges. A final group of behav-
iors manifest as sustained psychopathology during the
interictal or seizure-free period. Although these categories
overlap and some behaviors are eventually reclassified as
underlying mechanisms are identified, these categories are
useful for discussing the neuropsychiatric aspects of epi-
lepsy (D. B. Smith et al. 1991).

Psychosocial Impact of Seizures

The presence of a seizure disorder in later life has impor-
tant psychosocial implications (Table 29–1). Epilepsy is as-
sociated with low self-esteem, a sense of decreased control
and self-efficacy, and the perception of being stigmatized
(Collings 1994; Tedman et al. 1995). Patients with epilepsy
are subject to low self-esteem particularly arising from the
greater dependency that the disorder engenders.

Self-esteem problems can be greater in elderly individuals,
who already may be heavily reliant on family and others.
The possibility of having a seizure at any time results in
feelings of loss of control (Hermann and Wyler 1989). El-
derly subjects tend to be cautious and conservative, and the
potential for public loss of control can be particularly dis-
tressing. In addition to an overall increased sense of vulner-
ability is a very real fear of falling and sustaining incapaci-
tating hip fractures or other trauma. There also is
continued stigmatization from the disorder, and people of-
ten misunderstand and fear those with epilepsy. This can
lead to housing problems; some nursing homes do not ac-
cept elderly patients with seizures.

The independence of elderly patients may already be
impaired or tenuous, and epilepsy further narrows their
ability to function independently (Luhdorf et al. 1986).
Seizures may critically compromise the function of the el-
derly individuals who are still able to keep a job, provide
their own transportation, maintain their economic status,
and perform other independent activities. Although sei-
zures by themselves rarely result in institutionalization, in
an already impaired elder, seizures may be the final condi-
tion that terminates independent living. In addition, given
the higher frequency of secondary epilepsy in the elderly,
older patients are often already disabled from underlying
neurological disorders such as stroke or dementia.

Neuropsychological
Impact of Seizures

Neuropsychological functions are vulnerable to the effects
of seizures. Prolonged seizures can result in metabolic and
direct electrical injury to the brain. By age 70, significant
loss of neuronal tissue has occurred, as well as a decline in
cognitive efficiency, particularly on time-dependent tasks
and in memory retrieval (Botwinick 1981). With this de-
creased neuronal reserve, elderly patients have a greater
neuropsychological decline from neuronal damage as a re-
sult of ongoing seizure activity than do younger patients.
For this reason alone, seizure duration and rate of recur-
rence of seizures are important clinical variables in the el-
derly.

In older patients with secondary epilepsy, seizures are
often associated with disorders that impair cognition. Sei-
zures can temporarily exacerbate stroke- or tumor-related
deficits such as aphasias (Godfrey 1989). Furthermore, sei-
zures occur in dementing disorders including Alzheimer’s
disease, vascular dementia, frontotemporal dementia, and
other neurodegenerative disorders (McAreavey et al.
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1992). Alzheimer’s disease, the most prevalent dementia,
may have seizures (usually GTCSs) in 10%–20% of pa-
tients, particularly late in the course (Mendez et al. 1994;
Romanelli et al. 1990).

Although most seizures can be controlled with AEDs,
these medications have potential neuropsychological side
effects. Elderly patients have a slowed elimination of these
drugs, require lower doses, are often on multiple interact-
ing medications, and are, therefore, more likely to experi-
ence AED toxicity (Leppik 1992). With the already signifi-
cant susceptibility to confusional states of the aged brain,
the addition of AEDs greatly adds to the possibility of
drug-induced delirium. Even at therapeutic levels, some
drugs can cause specific problems. For example, barbitu-
rates may need discontinuation because of drug-induced
depression, suicidal ideation, sedation, psychomotor slow-
ing, and paradoxical hyperactivity. The added susceptibil-
ity for AED-induced toxicity in elderly patients indicates
the need for closer monitoring, especially of AED serum
levels such as free phenytoin or carbamazepine epoxide
levels, renal and liver function test values, and AED-
induced hyponatremia.

Ictally Related Behavioral Alterations

Ictally related behavioral alterations occur immediately
before, during, and soon after seizures (Table 29–1). First, a
prodrome of dysphoria, insomnia, anxiety, or buildup of
tension may precede seizures or be relieved by them. Sec-
ond, ictal discharges can produce both reactive autom-
atisms involving semipurposeful activity and psychic mani-
festations producing affective, cognitive, language,
memory, and perceptual changes. Examples of auto-
matisms include ictal laughter from left-hemisphere dis-
charges and ictal crying from right-hemisphere discharges
(Dark et al. 1996). Examples of psychic manifestations in-
clude affective changes such as ictal fear and depression and
cognitive changes such as derealization and depersonaliza-
tion. Even a recurrent, uninvited thought can be a seizure
manifestation (Mendez et al. 1996a). Moreover, prolonged
alterations of responsiveness may result from non-
convulsive status epilepticus or from recurrent electrical
discharges with EEG complexes known as periodic
lateralizing epileptiform discharges (PLEDs) (Engel et al.
1978). Third, the postictal period includes a confusional
state lasting minutes to hours or, occasionally, days. The
postictal period can be particularly prolonged in elderly
patients, who may take longer to recover from the disrup-
tion of seizures (Godfrey 1989). Although semidirected
ictally related aggression is extremely rare, nondirected de-

structive behavior frequently occurs during the postictal
confusional state as a response to attempts at restraint
(Treiman 1991). Finally, occasional protracted periods
with intermixed ictal and postictal changes can produce
twilight states; compulsive wandering, or poriomania; an
agitated state; and depressive delirium (Betts 1981).

One final class of ictally related behavioral manifesta-
tions is comprised of brief psychotic episodes, which usu-
ally follow a flurry of seizures, but may occasionally alter-
nate with seizures (Devinsky et al. 1995; Kanemoto et al.
1996; Sachdev 1998). These episodes involve days to weeks
of agitated, hallucinatory, paranoid, and impulsive behav-
iors often with sudden mood swings and suicide attempts.
Most patients develop their psychotic episodes 12–48
hours after a flurry of seizures and may occasionally con-
tinue to display psychotic symptoms for an extended period
of time. Another group develops psychotic episodes after
seizures are controlled, and this “alternating psychosis”
promptly resolves once the seizures recur (Pakalnis et al.
1987). Forced (or paradoxical) normalization refers to this
subgroup with an antagonism between psychotic episodes
and the seizures or EEG discharges (Landolt 1958).

Interictal Psychopathology

Patients with epilepsy are susceptible to psychopathology
during the seizure-free periods (Table 29–1). These behav-
ioral disorders usually occur in patients with long-
standing, incompletely controlled seizures, and, although
not specifically studied in the elderly, these disorders can
occur in older patients. Community epidemiological stud-
ies have shown a high prevalence of interictal psychiatric
problems among patients with epilepsy (Gudmundsson
1966; Pond and Bidwell 1959/1960). The percentage of
patients with epilepsy in psychiatric hospitals has ranged
from 5% to 10%, significantly higher than the prevalence
of epilepsy in the general population (Betts 1981; Mendez
et al. 1986). Of patients attending epilepsy clinics, about
30% have had a prior psychiatric hospitalization (Stevens
1975), and about 18% were on at least one psychotropic
drug (Wilensky et al. 1981). Studies report more psycho-
pathology among patients with epilepsy than among con-
trol subjects with other neurological disorders (Mendez et
al. 1993a, 1993d). Moreover, patients with epilepsy with
CPSs of temporolimbic origin, particularly in the presence
of psychic auras, may have a greater predisposition to psy-
chopathology than other patients with epilepsy (Mendez et
al. 1996b). In summary, although most patients with epi-
lepsy do not have psychiatric disease, about one-quarter of
patients with epilepsy, particularly those with long-

658 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



standing CPSs and auras, have interictal psychosis, depres-
sion, suicidality, hyposexuality, and other psycho-
pathology.

Interictal Psychosis

The best-known psychiatric disorder in epilepsy is the
chronic “schizophreniform” psychosis (Sachdev 1998;
Trimble 1991). The influential study by Slater and Beard
(1963) reported 69 patients with both epilepsy and an
interictal schizophrenic disorder and concluded that these
two disorders occurred together more frequently than ex-
pected by chance. Although some investigators have inter-
preted this association as reflecting selective sampling
(Stevens 1991), most subsequent studies indicate that
7%–12% of patients with epilepsy develop a psychotic dis-
order, usually a chronic, interictal schizophrenic illness
(Trimble 1991). For example, in a controlled investigation
of 1,611 outpatients with epilepsy, interictal schizophrenic
disorders were 9–10 times more common among patients
with epilepsy than among control subjects with other neu-
rological disorders (Mendez et al. 1993d). Moreover, on
the Minnesota Multiphasic Personality Inventory
(MMPI), patients with epilepsy had more elevated schizo-
phrenia and paranoia scale scores than did patients with
other neurological disabilities (Dikmen et al. 1983).

The schizophrenic disorder may be especially associ-
ated with CPSs. One study found psychosis in 12% of 1,675
patients with CPSs of TLE origin, especially those with
left-sided foci, compared with less than 1% of 6,671 pa-
tients with generalized epilepsy (Gibbs 1951), and a psy-
chotic illness occurred in 9 (10%) of 87 children with TLE
epilepsy followed for up to 30 years (Lindsay et al. 1979). In
conclusion, patients with epilepsy have a severalfold
greater risk for a chronic schizophrenic illness than does
the general population, and the risk is particularly high for
patients with CPSs, regardless of age.

Unlike ictally related psychotic episodes, the chronic
interictal schizophrenic disorder has no direct relationship
to individual seizures (Mendez et al. 1993d; Trimble 1991).
Although the exact relationship of seizure activity and
schizophrenia is debated (Sachdev 1998), these patients of-
ten have an 11- to 15-year history of poorly controlled sei-
zures (Slater and Beard 1963). Furthermore, the schizo-
phrenic symptoms commonly increase with increased CPS
activity or with AED withdrawal (Mendez et al. 1993d)
(Figure 29–1). Although removal of the seizure focus does
not prevent the development of psychosis (Manchanda et
al. 1996), left temporal mediobasal lesions are particularly
associated with this psychotic disorder (Sherwin et al.
1982).

The schizophrenic disorder resembles an episodic
schizoaffective psychosis with prominent paranoia, posi-
tive symptoms, relatively preserved affect, and normal
premorbid personality (Perez and Trimble 1980; Slater
and Beard 1963; Trimble 1991). Compared with idiopathic
schizophrenia, there may be more hallucinations and reli-
giosity and less social withdrawal, systematized delusions,
schneiderian first-rank symptoms, and family history of
schizophrenia. However, these features are not clearly
atypical or unique, and most schizophrenic syndromes in
epilepsy can correspond to typical schizophrenic disorder
categories (Mendez et al. 1993d).

Depression

Less well-known than the interictal psychosis is the prob-
lem of depression in epilepsy. Depression is undoubtedly a
frequent neuropsychiatric disturbance in older patients
with seizures. Depression occurs in up to 75% of patients in
mixed epilepsy groups (Standage and Fenton 1975), and
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FIGURE 29–1. Correspondence of psychotic symptoms to
seizure frequency. Increased psychotic symptoms: Total schizo-
phrenic epilepsy group (n = 149): increased seizures in 42 and
decreased seizures in 2 (χ2 = 40.56, df = 1, P < .001). Matched
schizophrenic epilepsy group (n = 62): increased seizures in 24
and decreased seizures in 1 (χ2 = 24.25, df = 1, P < .001). De-
creased psychotic symptoms: Total group: increased seizures in 9
and decreased seizures in 0 (χ2 = 7.33, df = 1, P < .007).
Matched group: increased seizures in 8 and decreased seizures
in 0 (χ2 = 6.55, df = 1, P < .011).
Source. Reprinted with permission from Mendez MF, Grau
R, Doss RC, et al.: “Schizophrenia in Epilepsy: Seizure and
Psychosis Variables.” Neurology 43:1073–1077, 1993d.



there are elevations in depressive traits in patients with epi-
lepsy compared with those in control subjects (Robertson
1991). Depression is also the main reason for the psychiat-
ric hospitalization of patients with epilepsy (Betts 1981;
Mendez et al. 1986). Furthermore, most investigations re-
port a twofold greater frequency of interictal depression
among patients with seizures than among comparably dis-
abled individuals (Kogeorgos et al. 1982; Mendez et al.
1986; Rodin and Schmaltz 1984; Standage and Fenton
1975). Depression is particularly prevalent among those
with CPSs and ranges from 19% to 65% among patients
with CPSs (Currie et al. 1971; Dongier 1959/1960; Roy
1979; Victoroff et al. 1994).

Patients with depression with epilepsy most com-
monly have a chronic interictal depression or dysthymia
that is distinct from ictal depression (Devinsky and Bear
1991; Robertson et al. 1994). This interictal depression
frequently has endogenous features, paranoia, and other
symptoms suggesting a continuum with schizoaffective
disorder (Mendez et al. 1986). According to most investi-
gators, seizures relieve depression in patients with epilepsy
(similar to the effects of electroconvulsive therapy [ECT]),
whereas better seizure control or decreased secondarily
generalized seizures make it worse (Mendez et al. 1993a;
Robertson 1991). A few investigators have also reported
depression with increased seizure activity or no relation-
ship (Dodrill and Batzel 1986; Roy 1979). Depression is
specifically associated with CPSs from left-sided temporal
foci, suggesting neurobiologically based organic mood dis-
order rather than a nonspecific psychosocial reaction to a
chronic disability (Altshuler et al. 1990; Mendez et al. 1986;
Perini and Mendius 1984; Victoroff et al. 1994). Con-
versely, most studies have not confirmed the proposed as-
sociation of right-hemisphere foci with the much rarer
cases of mania found in epilepsy (Flor-Henry 1969).

Suicide

Elderly individuals with epilepsy are at greater risk for sui-
cide than those without epilepsy. Among all patients with
epilepsy, the estimated risk of death by suicide is 3%–22%
or 4–5 times higher than that for the general population
(Mathews and Barabas 1981). Among those with CPSs of
TLE origin, the risk of suicide is as much as 25 times
greater (Barraclough 1981). Furthermore, as many as
one-third of all patients with epilepsy have attempted sui-
cide at some point in time. A comparison of suicide at-
tempts among patients with epilepsy and comparably im-
paired control subjects without epilepsy revealed suicide
attempts in 30% of the subjects with epilepsy compared
with only 7% of the control subjects (Mendez et al. 1986),

and this increased risk of suicide continued even long after
temporal lobectomy and successful control of seizures
( Jensen 1975).

Patients with epilepsy are likely to attempt suicide not
only from psychosocial stress, but also because of the in-
creased interictal psychopathology such as depression,
psychosis, and borderline personality characteristics
(Mendez et al. 1989). They are most likely to complete sui-
cide when they have psychosis with paranoid hallucina-
tions, agitated compunction to kill themselves, and occa-
sional ictal command hallucinations to commit suicide
(Mendez and Doss 1992). Ictal depression also has resulted
in successful suicide attempts (Mendez and Doss 1992).

Personality Characteristics

Patients with epilepsy have a high prevalence of personality
disorders (Mendez et al. 1993c; Perini et al. 1996; Swanson
et al. 1995). Patients with epilepsy with personality disor-
ders show dependent and avoidant personality traits.
Those with epilepsy are stigmatized, feared, and subject to
difficulties in obtaining a job, driving an automobile, and
maintaining a marriage. These psychosocial difficulties
along with underlying neurobiological factors may predis-
pose patients with epilepsy to personality disorders.

Although no specific epileptic personality exists, a
group of traits termed the Gastaut-Geschwind syndrome
occur in a subset of patients with CPSs. Because most stud-
ies with the MMPI proved insensitive to the personality
traits attributed to epilepsy, the Bear-Fedio Inventory was
developed to assess these traits (Bear and Fedio 1977). Bear
and Fedio found that patients with CPSs of TLE origin had
a personality characterized by a sense of “heightened sig-
nificance” indicated by sobriety and humorlessness, tena-
ciousness or “viscosity” in interpersonal encounters, a
deepened affect, a pronounced sense of personal destiny,
and an intense interest in religious, moral, and philosophi-
cal issues. Such patients are circumstantial, give overly de-
tailed background information, and write copiously about
their thoughts and feelings (Rao et al. 1992). In addition,
patients with left-sided temporal foci tended to maximize
their problems, whereas those with right-sided foci mini-
mized them (Bear and Fedio 1977). Conclusive proof that
patients with CPSs are prone to the Gastaut-Geschwind
syndrome has remained illusive. Other applications of the
Bear-Fedio Inventory found the same “personality” char-
acteristics in patients without epilepsy who had psychiatric
disorders or comparable physical disabilities (Rodin and
Schmaltz 1984). Some patients with CPSs of TLE origin
are explosive and dyscontrolled with emotional lability and
poor impulse control (Blumer 1991).
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Hyposexuality and Other
Behavioral Disorders

Surveys suggest that incompletely treated patients with ep-
ilepsy experience hyposexuality (Toone 1987), a problem
that can still affect elderly patients. Both men and women
experience disturbances of sexual arousal and a lowered
sexual drive (Morrell and Guldner 1996; Murialdo et al.
1995). Patients with epilepsy appear to lack libido and may
experience impotence or frigidity. This hyposexuality im-
proves after seizures are controlled (Toone 1987). Other
patients with epilepsy experience physiological signs of de-
creased sexual arousal and possible subclinical hypo-
gonadotropic hypogonadism (Murialdo et al. 1995).

The association of epilepsy with other conditions is
less certain. Most directed aggression in epilepsy correlates
less with seizures than with psychosis, “episodic
dyscontrol” (intermittent explosive disorder with ictal-like
features), subnormal intelligence, lower socioeconomic
status, prior head injuries, and possible orbital frontal dam-
age (Herzberg and Fenwick 1988; Mendez et al. 1993b).
Case reports describe dissociative states in epilepsy (i.e.,
multiple personality disorder, possession and fugue states,
and psychogenic amnesia) (Ahern et al. 1993); however, the
relationship with epilepsy is not clear.

Etiology and Pathology

Although the mechanisms of psychopathology are not es-
tablished, current theories of the psychopathology of epi-
lepsy emphasize a physiological disturbance in the tempo-
ral limbic system rather than psychodynamic processes. As
previously described, psychosis, depression, personality
disorders, and hyposexuality are two to three times more
common in patients with CPSs (most of whom have a tem-
poral lobe focus) compared with patients with GTCSs.
The most common pathological findings in patients with
epilepsy are mediobasal temporal lobe lesions involving
limbic structures. Stimulation and ablation studies in ani-
mals and humans link these temporal limbic structures to
emotional behavior. Psychotic-like behavior in animal
subjects has followed repeated application of epileptic
agents to kindle limbic structures (Adamec 1990; P. F. Smith
and Darlington 1996), patients with schizophrenia have
had limbic discharges on depth electrode monitoring
(Heath 1982), and disinhibition of the mesolimbic dopa-
mine system has resulted from kindling in the limbic sys-
tem (Stevens and Livermore 1978).

Several specific mechanisms are potentially responsi-
ble for psychiatric disturbances in epilepsy (Table 29–3).
First, the underlying brain lesions could be the source of

both seizures and behavioral changes. Psychosis may be
more common with left temporal lobe pathology such as
hamartomas or gangliogliomas (Taylor 1972), and depres-
sion is associated with strokes and other hypoactive lesions
in the left hemisphere (Robinson and Szetela 1981). Sec-
ond, ictal discharges could kindle behavioral changes by fa-
cilitating limbic-sensory associations and other neuronal
connections. The schizophrenic psychosis is associated
with increased frequencies of CPSs, and personality disor-
ders may occur in those with auras (Mendez et al. 1993c).
Third, decreased function, such as the focal interictal
hypometabolism observed on positron-emission tomogra-
phy (PET) (Bromfield et al. 1992), may lead to interictal
behavioral changes. Depression often follows seizure con-
trol sufficient to inhibit secondary generalization to
GTCSs (i.e., the surrounding hypometabolism may result
in depression by preventing the spread of temporal limbic
epileptic foci). Fourth, seizures may result in neuro-
endocrine or neurotransmitter changes including in-
creased dopaminergic or inhibitory transmitters, de-
creased prolactin, increased testosterone, and increased
endogenous opioids. These changes probably explain, at
least in part, the hyposexuality found in some patients with
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TABLE 29–3. Proposed relationships of
psychiatric disturbances to epilepsy

Common neuropathology, genetics, or developmental
disturbance

Ictal or subictal discharges potentiating abnormal behavior
Kindling or facilitation of a distributed neuronal matrix
Changes in spike frequency or inhibitory-excitatory balance
Altered receptor sensitivity (e.g., dopamine receptors)
Secondary epileptogenesis
Absence of function at the seizure focus
Inhibition and hypometabolism surrounding the focus
Release or abnormal activity of remaining neurons
Dysfunction or downregulation of associated areas
Neurochemical alterations

Dopamine and other neurotransmitters
Endorphins

Gonadotrophins and other neuroendocrinological changes
Psychodynamic influences
Dependence, learned helplessness, low self-esteem
Disruption of reality testing
Weakening of defense mechanisms
Organic and psychodynamic factors potentiating each other
Sleep disturbance
Drug-induced neurophysiological changes



epilepsy. Finally, physiological factors may be potentiated
by psychodynamic factors. For example, a proposed role
for auras in personality disorders or psychosis may relate to
their impact on reality testing (Mendez et al. 1993c).

Treatment

Most epileptic seizures respond to AEDs. Phenytoin,
carbamazepine, and valproate are primary drugs for partial
seizures and GTCSs, the main seizures of adulthood (Table
29–4). Side effects and elimination half-lives are important
considerations in choosing among AEDs. Monitoring of
blood levels helps avoid dose-dependent side effects, but
clinical monitoring of patients for idiosyncratic side effects
is also necessary. The more sedating AEDs are considered
secondary drugs in the management of seizures.

Another important property of AEDs is the time it
takes for their serum concentrations to be reduced by half.
For example, one may choose to use phenytoin over
carbamazepine because it has a consistently longer half-life
and can be potentially given once per day. The use of multi-
ple AEDs affects efficacy, side effects, and half-lives; there-
fore, it is preferable to treat seizures with one AED rather
than with several. For those patients who do not respond to

the primary AEDs, several newer drugs (e.g., gabapentin,
lamotrigine, tiagabine, topiramate, vigabatrin) are avail-
able. Ultimately, when drug therapy fails to control sei-
zures, patients may be considered for epilepsy surgery.

In the treatment of patients with epilepsy who are psy-
chiatrically disturbed, a first consideration is the use of psy-
choactive AEDs (Pollack and Scott 1997) (Table 29–5).
These medications may relieve some behavioral symptoms
either through direct psychotropic properties or through
their effects on seizure control (Post et al. 1985). The
psychotropic properties of AEDs are particularly impor-
tant in the management of depression (Robertson and
Trimble 1985). If possible, discontinue phenobarbital and
other barbiturates, which may promote depression in el-
derly patients, and use carbamazepine, valproate, or
lamotrigine, which stabilize mood and provide prophylaxis
against recurrent depressive episodes. Carbamazepine,
valproate, gabapentin, and lamotrigine have significant
antimanic properties, probably through mood stabiliza-
tion effects. Carbamazepine, valproate, and gabapentin
may also ameliorate some dyscontrolled, aggressive behav-
ior in patients with brain injury. Clonazepam (Klonopin),
in addition to its anxiolytic properties, can serve as a sup-
plement to other antimanic therapies. Gabapentin also de-
creases anxiety and improves general well-being in some
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TABLE 29–4. Antiepileptic drugs (AEDs)

AEDs (trade name) Indications
Half-life
(hours)

Therapeutic level
(mg/L)

Usual adult dose
(mg/day)

Dosing
regimens

Primary drugs
Phenytoin (Dilantin) CPS, SPS, GTCS 10–34 10–20 300–500 bid–qd
Carbamazepine

(Tegretol, Epitol)
CPS, SPS, GTCS 11–32 4–12 600–1200 tid

Valproic acid (Depakene),
divalproex sodium
(Depakote)

CPS, SPS, GTCS
absence, atonic
myoclonic

5–20 40–50 1000–3000 tid–qid
bid

(Depakote only)
Ethosuximide (Zarontin) Absence 30–60 40–100 1000–2000 tid–qid

Secondary drugs
Gabapentin (Neurontin) CPS, SPS, 2°GTCS 4–7 2–20 900–3600 tid
Lamotrigine (Lamictal) CPS, SPS 2°GTCS 15–24 2–20 75–600 bid
Topiramate (Topamax) CPS, SPS, 2°GTCS 12–30 NE 200–400 bid
Tiagabine

a (Gabitril) CPS, SPS, 2°GTCS 6–8 NE 32–56 bid
Vigabatrina (Sabril) CPS, SPS, 2°GTCS 4–8 NE 1000–6000 bid–qd
Phenobarbital (various) CPS, SPS, GTCS 46–140 15–40 90–120 bid–qd
Primidone (Mysoline) CPS, SPS, GTCS 5–18 5–12 750–1000 tid–qid
Clonazepam (Klonopin) Absence, atonic,

myoclonic
20–40 .005–.07 2–6 tid–qid

Note. NE = not established.
aPending approval.



patients with epilepsy. Both carbamazepine and etho-
suximide may have value for borderline personality
disorder.

Encephalopathic changes occur at toxic levels of all
anticonvulsant drugs. Even at therapeutic levels, barbitu-
rates may need discontinuation because of drug-induced
depression, suicidal ideation, sedation, psychomotor slow-
ing, and paradoxical hyperactivity in the very young and
the very old. Gabapentin may induce aggressive behavior
or hypomania, and vigabatrin may precipitate depression
and psychosis. In addition, clinicians need to be aware of
the potential emergence of psychopathology on with-
drawal of anticonvulsant medications (Ketter et al. 1994).
Anxiety and depression are the most common emergent
symptoms, but psychosis and other behaviors may also
occur.

Another therapeutic consideration is the seizure
threshold–lowering effect of psychotropic medications
(Itil and Soldatos 1980; Luchins et al. 1984; Oliver et al.
1982) (Table 29–6). This is usually not a problem, but can
occasionally reach clinical significance. Psychotropic
drugs are most convulsive when introduced rapidly or
given in high doses. Clozapine and bupropion, particularly
in combination, may be especially convulsant. When initi-
ating psychotropic therapy, it is best to start low and go
slow while monitoring anticonvulsant levels and EEGs.
For example, clozapine has induced seizures in 1%–4.4%
of patients when the dose was rapidly increased.

A potential exists for interaction of anticonvulsant and
psychotropic medications. Attention to drug interactions
is particularly important in elderly patients, who are often
on multiple medications. In addition to increasing the me-
tabolism of other AEDs, the addition of an AED most com-
monly increases the metabolism of psychotropic drugs
with a consequent decrease in their therapeutic effective-

ness (Linnoila et al. 1980). The exception is the addition of
valproic acid, which can increase psychotropic levels,
rarely to a toxic range. Withdrawal of AEDs can precipitate
rebound elevations in psychotropic levels. Alternatively,
the initiation of a psychotropic can result in competitive in-
hibition of anticonvulsant metabolism with elevations of
AED levels to toxicity (Vincent 1980).

Other therapeutic considerations that can affect the
neuropsychiatric aspects of epilepsy include epilepsy sur-
gery, ECT, and allowing patients to experience occasional
partial or generalized seizures. Although epilepsy surgeries
such as temporal lobectomy or corpus callosotomy are
rarely performed in elderly patients, the removal of a sec-
ondary epileptogenic lesion such as a tumor may amelio-
rate seizures and associated behavioral disturbances
(Krahn et al. 1996). Unfortunately, some patients with epi-
lepsy continue to develop psychosis, personality changes,
and suicidal behavior even long after primary epilepsy sur-
gery (Falconer 1973; Jensen 1975; Koch-Weser et al.
1988). In addition to the occasional behavior alleviated by
strict seizure control, allowing seizures under carefully
controlled conditions, much like ECT, can relieve
interictal depression, some cases of ictally related psy-
chotic episodes, episodic dyscontrol, and, less frequently,
other behaviors.

Summary

The neuropsychiatric aspects of epilepsy include a broad
range of behavioral changes that can occur in elderly pa-
tients. The incidence of seizure disorders in those over age
65 is higher than at any time since infancy; consequently,
understanding the particular psychosocial impact of sei-
zures on older people is beneficial. In later life, neuro-
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TABLE 29–5. Psychiatric effects of antiepileptic drugs (AEDs)

Anticonvulsant Psychiatric effects
Carbamazepine Mood stabilizer, antimanic, mild antidepressant
Phenytoin May cause depression
Valproic acid Antimanic, possibly a mild antidepressant
Gabapentin Mood stabilizer; treatment for bipolar, panic, and general anxiety disorders
Lamotrigine Mood stabilizer, treatment for bipolar disorder and depression, may cause psychosis
Topiramate May cause depression and psychosis
Tiagabine May cause depression and psychosis
Vigabatrin May cause depression and psychosis
Phenobarbital/primidone May cause depression, hyperactivity, conduct disorder, and additional deficits
Ethosuximide May cause psychosis
Clonazepam May cause hyperactivity and additional deficits



psychological effects from seizures, from the causative
brain lesions, and from anticonvulsant medications in-
crease. There can be an increased severity of ictally related
behavioral disturbances such as prolonged periods of
postictal confusion. Moreover, patients with epilepsy have
an increased frequency of interictal psychiatric distur-
bances, such as depression, psychosis, suicide, personality
disorders, hyposexuality, and others. Management of these
behavioral disorders requires attention to the behavioral
effects of anticonvulsant medications, the convulsant ef-
fects of psychotropic medications, and the interactions be-
tween them.
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30
Neoplastic, Demyelinating,

Infectious, and
Inflammatory Brain

Disorders

Douglas W. Scharre, M.D.

Acquired diseases of the brain are com-
mon in the elderly population. Neuro-

psychiatric disorders are frequent complications of these
conditions and may be the sole manifestations of the
brain dysfunction. In this chapter, I discuss the neuropsy-
chiatric manifestations of the major neoplastic, demyel-
inating, infectious, and inflammatory disorders of the
brain.

Neoplastic Disorders

Demography

Primary and metastatic neoplasms of the central nervous
system (CNS) are common in the geriatric population.
The overall incidence of CNS tumors is 15/100,000 per
year, and the age-specific incidence peaks between 60 and

80 years. Eighty-five percent of all primary CNS
neoplasms occur intracranially; the rest are intraspinal. In
clinical series, 45% of intracranial tumors are gliomas,
15% are meningiomas, 7% are pituitary adenomas, and 6%
are metastatic (Tyler and Byrne 1992). However, many tu-
mors go unrecognized during life, and in autopsy series
meningiomas account for up to 40% and metastatic tumors
for up to 18% of all intracranial neoplasms (Kurtzke and
Kurland 1983). The most common cancers to metastasize
to the brain are lung, breast, kidney, colon, testis, mela-
noma, and lymphoma (Alvord and Shaw 1991).

Physiology

There are multiple ways for CNS neoplasms to alter brain
function. Direct invasion and compression will produce
focal neurological deficits such as aphasia, hemiparesis,
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amnesia, or visual field deficits. Vasogenic brain edema is
produced in many neoplasms secondary to capillary leak-
age across a defective blood-brain barrier (Adams et al.
1997). This edema in conjunction with the mass effect of
the tumor often leads to increased intracranial pressure.
The typical signs and symptoms of increased intracranial
pressure are headache, nausea, vomiting, papilledema,
sixth cranial nerve palsy, and mental status changes. Neu-
ropsychiatric evaluation often shows diminished arousal,
impaired attention, impaired cognition, irritability, emo-
tional lability, and psychomotor retardation. Eventually,
with continued increased intracranial pressure, brady-
cardia, hypertension, and herniation syndromes develop.

Tumors located near the ventricular system often
cause obstructive hydrocephalus. Headache, cognitive de-
cline, incontinence, and gait disturbances are frequent
sequela. Tumors may also cause vascular obstruction, par-
ticularly of the venous system, resulting in ischemic
infarctions, hemorrhages, and increased intracranial pres-
sure. Thirty percent of all brain tumors will produce focal
or generalized seizures.

Pathology

Intracranial neoplasms consist of rapidly growing tumor
cells, tumor-related blood vessels, and necrotic tissue.
Astrocytomas are classified as low grade, intermediate
grade, or high grade (glioblastoma multiforme) according
to the degree of nuclear atypism, mitosis, endothelial pro-
liferation, and necrosis exhibited. Elderly individuals tend
to have higher-grade astrocytomas. Oligodendrogliomas
frequently contain calcifications and may bleed.
Meningiomas are derived from cells of the arachnoid, pia
mater, and dura mater and do not invade the brain paren-
chyma. Pituitary adenomas arise from one of several cell
types in the anterior lobe of the pituitary. Most of the
adenomas in the geriatric age range are nonfunctional
chromophobe types (Alvord and Shaw 1991).

Laboratory Evaluations

Lumbar puncture is generally avoided because of the risk of
precipitating a herniation syndrome when there is a mass
lesion in the brain. When cerebrospinal fluid (CSF) is col-
lected, it typically reveals a mild pleocytosis, elevated pro-
tein, and normal glucose (Cummings and Benson 1992).
CSF cytology is helpful in cases of meningeal carcino-
matosis.

Electroencephalography (EEG) in patients with brain
tumors is usually abnormal, revealing either focal or gener-
alized slowing, sharp waves and spikes, or frank epilepti-

form activity. Angiography demonstrates the amount of
tumor vascularity, which, in gliomas, is often correlated to
tumor growth rate. Angiography of meningiomas often
shows a meningeal blood supply and a distinct vascular
blush (Tyler and Byrne 1992).

Magnetic resonance imaging (MRI) and computed to-
mography (CT) reveal evidence of mass processes, edema,
midline shifts, hydrocephalus, and hemorrhage. Contrast
enhancement greatly improves tumor detection. MRI is
more sensitive than is CT in the detection of small tumors,
but CT can demonstrate calcifications and bony erosions
better. Unfortunately, neither CT nor MRI can accurately
define intraparenchymal tumor boundaries. For most
intracranial tumors, MRI shows increased signal on
T2-weighted and gadolinium-enhanced T1-weighted im-
ages. Meningiomas exhibit an extra-axial location, dural
base, and marked enhancement with contrast agents. MRIs
of a glioblastoma multiforme and a meningioma are shown
in Figures 30–1 and 30–2, respectively. Cerebral metasta-
ses often appear as multiple ring-enhancing nodular
masses (Tyler and Byrne 1992).

Magnetic resonance angiography (MRA), single pho-
ton emission computed tomography (SPECT), and posi-
tron-emission tomography (PET) can now provide infor-
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FIGURE 30–1. Gadolinium-enhanced, T1-weighted mag-
netic resonance image (MRI) of a 56-year-old man with a left
parieto-occipital glioblastoma multiforme. The MRI reveals a
ring-enhancing mass with a necrotic center.



mation on tumor blood flow, grade, recurrence, and
response to treatment (Tyler and Byrne 1992).

Treatment and Prognosis

The location and type of CNS neoplasms determines the
approach to treatment. Surgical removal, debulking, che-
motherapy, or radiation therapy are often used in some
combination. Chemotherapy agents depend on the break-
down of the blood-brain barrier at the tumor site for selec-
tive drug delivery. The complications of radiation therapy
include hypothalamic-pituitary dysfunction with resultant
hypothyroidism, hypogonadism, or panhypopituitarism
(Constine et al. 1993). Radiation-induced and chemother-
apy-related leukoencephalopathy is discussed in the
demyelinating disorders section below.

Corticosteroids are useful in reducing cerebral edema
secondary to CNS neoplasms and thereby also aid in re-
duction of any associated increased intracranial pressure.
Anticonvulsants are given to prevent seizures. Treatment
of neuropsychiatric symptoms should avoid aggravating
cognitive deficits. Psychosis is treated with very low dose
haloperidol (0.5–1 mg/day) or with an atypical anti-
psychotic agent and increased slowly until an adequate re-

sponse is achieved. Depression is treated with antidepres-
sants, usually a selective serotonin reuptake inhibitor.
Mania is treated with divalproex sodium, carbamazepine,
or a benzodiazepine; lithium is usually avoided because of
its potential for exacerbating seizures (T. R. P. Price et al.
1992). Apathy and psychomotor retardation may be helped
with methylphenidate or pemoline.

Astrocytomas and oligodendrogliomas are treated
with surgery, radiation therapy, and chemotherapy, de-
pending on their degree of malignancy. Meningiomas can
be completely removed surgically in approximately 90% of
cases but have a high rate of recurrence. Pituitary micro-
adenomas are removed through a transphenoidal approach
or treated with chemotherapy. Macroadenomas with ex-
tensive extraglandular extension often require crani-
otomies for removal, and postsurgical hormonal replace-
ment is often required. Thirty percent of metastases are
solitary and are candidates for surgical removal (Alvord and
Shaw 1991). The 5-year survival rate for meningiomas is
60%, for gliomas 20%, and the median survival for
glioblastoma multiforme is about 1 year (Kurtzke and
Kurland 1983).

Neuropsychiatric Manifestations
of Neoplastic Disorders

Frontal lobe tumors. Frontal lobe tumors produce
mental status and personality changes in 90% of cases and
frank dementia in 70% of cases, but few focal neurological
findings (Cummings and Benson 1992). Apathy, disin-
hibition, or impulsivity are the hallmarks of frontal in-
volvement. Euphoria or depression, irritability, lack of
concern, poor judgment, disorientation, and poor atten-
tion are additional frequent early findings. Patients with
right frontal tumors may display more euphoria, whereas
those with left frontal tumors may display more depression
and abulia (Belyi 1987). Psychosis with paranoia, delu-
sions, and hallucinations can also be observed. The demen-
tia is characterized by impaired word list generation and
aphasia with dominant hemisphere tumors, decreased de-
sign fluency with nondominant hemisphere tumors, con-
structional deficits, motor programming deficits,
perseveration, forgetfulness, poor abstraction, and psy-
chomotor retardation. Large subfrontal meningiomas,
gliomas spreading to both frontal lobes, and metastatic tu-
mors frequently result in severe dementia. Fifty percent of
patients with frontal lobe tumors develop seizures, usually
focal motor (jacksonian) type, and a few develop hydro-
cephalus as a result of obstruction of the interventricular
foramen. Tumors located in the posterofrontal region pro-
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FIGURE 30–2. T1-weighted magnetic resonance image
(MRI) of a 56-year-old woman with a left-sided posterior falx
meningioma. A large, dural-based, extra-axial mass homoge-
neously enhances with gadolinium.



duce hemiparesis, olfactory groove meningiomas produce
anosmia, sphenoid ridge meningiomas produce unilateral
exophthalmos and cranial nerve palsies, prefrontal tumors
often produce a grasp reflex, and involvement of the frontal
eye fields produces a conjugate deviation of the eyes to the
side of the tumor.

Temporal lobe tumors. Temporal lobe tumors may
cause personality changes, irritability, euphoria, depres-
sion, anxiousness, psychosis, hallucinations (auditory,
formed visual, and simple olfactory or gustatory), or cogni-
tive impairment early in their course. Dominant hemi-
sphere tumors can produce aphasia and verbal memory
deficits (amnesia), whereas nondominant hemisphere tu-
mors produce nonverbal memory deficits. Hydrocephalus
may result from obstruction of the third ventricle or com-
pression of the midbrain with obstruction of the cerebral
aqueduct. Partial complex seizures are frequent and mani-
fest with staring, blinking, complex motor activity, déjà vu
phenomena, visual distortions, hallucinations, and other
psychomotor disturbances (see Chapter 29 in this volume).

Parietal lobe tumors. Tumors that are located in
the anterior parietal area may produce somatosensory dis-
turbances including deficits in two-point discrimination;
identification of finger writing (agraphesthesia); identifi-
cation of objects by their shape, size, texture, or weight
(astereognosis); simultaneous identification of bilateral
stimulation (inattention); and localization of tactile stimuli
(atopognosia). Parietal lobe tumors may cause a
contralateral lower-quadrant field cut resulting from dis-
ruption of the superior optic radiations. Difficulties in
drawing, apraxia, and focal sensory seizures may also occur
with parietal lobe lesions.

Tumors involving the right parietal lobe are most
likely to cause a neglect syndrome of the contralateral body
and extrapersonal space (inattention). In the full-blown
condition, patients will not see, dress, shave, or groom the
neglected side of the body and do not respond to stimuli in
the neglected hemispace. They may deny a contralateral
hemiparesis (anosognosia). Left parietal lobe tumors in the
angular gyrus region cause Gerstmann syndrome, includ-
ing difficulties with writing (dysgraphia), finger identifica-
tion, calculations (acalculia), and the ability to distinguish
right from left. Often, aphasia and constructional distur-
bances are also present.

Occipital lobe tumors. Occipital lobe tumors
commonly produce contralateral homonymous visual field
deficits, simple visual seizures with generalization, and
visual hallucinations consisting of unformed images such as

flashes, streaks,or simplegeometricpatterns.Bilateralmedial
occipitotemporal tumors may cause a disturbance in visual
recognition of objects (visual agnosia), identification of famil-
iar faces (prosopagnosia), or recognition of familiar environ-
ments (environmental agnosia). Occasionally right-sided le-
sions alone may produce some of these syndromes.

Deep midline tumors. Deep midline tumors often
lead to bihemispheric dysfunction as a result of invasion or
brain compression by surrounding edema. Tumors within
or near the third ventricle can obstruct the interventricular
foramen or the cerebral aqueduct and cause hydrocepha-
lus. Tumors within the ventricle can cause intermittent ob-
struction resulting in severe headaches and vomiting that
are position dependent.

Pituitary and hypothalamic area tumors often cause
bitemporal hemianopsia, optic atrophy, endocrine distur-
bances, diabetes insipidus, somnolence, personality
changes, and cognitive decline. Excessive somnolence,
rage attacks, and hyperphagia are occasionally seen with di-
rect hypothalamic involvement.

Thalamic tumors produce memory loss, confusional
states, emotional lability, hemiparesis, and hemihypes-
thesia with hemianesthesia. Basal ganglia tumors result in
impaired attention, memory loss, personality changes, de-
pression, and movement disorders including chorea,
dystonia, or rigidity.

Pineal tumors compress the superior colliculus, pro-
ducing aqueduct occlusion, hydrocephalus, and Parinaud’s
syndrome with paralysis of upward gaze and ptosis.
Brainstem tumors produce cranial nerve deficits, long tract
signs, cerebellar symptoms, and hydrocephalus. Personal-
ity changes, lethargy, disorientation, memory impairment,
and mutism may also occur (Cummings and Benson 1992).

Posterior fossa tumors. Tumors in the posterior
fossa can obstruct the fourth ventricle or the outflow into
the basal cisterns, resulting in hydrocephalus. Prominent
signs and symptoms include headache, vomiting, mental
status changes, cranial nerve palsies, nystagmus, ataxia,
dysmetria, hypotonia, and intention tremor.

Paraneoplastic Syndromes

The remote effects of carcinoma on the nervous system are
poorly understood. The symptoms usually develop rapidly
over a few weeks; they may occur before the discovery of
the neoplasm. The production of onconeuronal autoanti-
bodies directed against antigens shared by both the cancer
and the nervous system is the most likely pathogenesis of
these syndromes (Posner 1997). There are several syn-
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dromes affecting the brain that have been described.
Subacute cerebellar degeneration syndrome features

ataxia, dysarthria, nystagmus, and diplopia as a result of an-
tibodies against Purkinje cell cytoplasm (anti-Yo or
anti-Tr) or neuronal nuclei (anti-Hu, also known as anti-
neuronal nuclear antibody [ANNA-1]) of Purkinje cells.
Opsoclonus paraneoplastic syndrome is characterized by
uncontrolled eye movements as a result of antibodies
against neuronal nuclei (Anti-Ri, also known as
anti-neuronal nuclear antibody [ANNA-2]) probably di-
rected to brainstem regions. Retinal degeneration para-
neoplastic syndrome typically produces scotomas, blind-
ness, and visual hallucinations as a result of anti-Recoverin
antibodies of retina photoreceptors (Posner 1997).

Limbic encephalopathy, of all the paraneoplastic syn-
dromes, is the one most associated with neuropsychiatric
symptoms. Limbic encephalopathy has been seen most
commonly with small-cell lung carcinoma and Hodgkin’s
disease. Other associations include carcinoma of the
breast, uterus, ovary, prostate, and kidney; multiple
myeloma; lymphosarcoma; reticulum cell sarcoma;
neuroblastoma; and acute leukemia. The age at onset is
typically 50–80 years, and men are more commonly af-
fected. The condition may last several years. The syn-
drome is characterized by an amnestic memory distur-
bance, cognitive decline, depression, anxiety, personality
changes, paranoia, hallucinations, and diminished alert-
ness. Often a severe sensory neuropathy is present. Occa-
sionally complex partial seizures, cerebellar deficits,
brainstem signs, myelopathy, and autonomic failure are
observed (Dalmau et al. 1992).

Neuronal loss and perivascular inflammatory infil-
trates, particularly in the medial temporal areas, are found
at autopsy (Newman et al. 1990). Sometimes the cerebel-
lum, brainstem, spinal cord, dorsal root ganglia, and auto-
nomic ganglia are involved. Neuroimaging is typically
unrevealing. Rarely, MRI demonstrates increased signal
on T2-weighted images in the frontal and temporal lobes
(Kodama et al. 1991). CSF examination usually shows mild
transient lymphocytic pleocytosis and persistent elevated
protein, increased immunoglobulin G (IgG), and
oligoclonal banding. Anti-Hu antibodies are seen in many
cases and found in the nuclei of neurons (Dalmau et al.
1992). A new antibody to a subset of glial cells (anti-CV2)
has been discovered in some patients with paraneoplastic
encephalomyelitis (Honnorat et al. 1996). Treatments are
being tested, but most have not shown great effect on the
neurological symptoms. On the other hand, small-cell lung
cancers with the Hu antigens appear more susceptible to
therapy than those without (Posner 1997).

Demyelinating Disorders

Although demyelinating conditions are more common in
young individuals, many examples of these disorders ap-
pear with late survival or presentation in the elderly popu-
lation. A comprehensive list of common and rare white
matter disorders is presented in Table 30–1. Primary
demyelination involves the loss of the myelin sheath, leav-
ing the axon intact but denuded. Dysmyelinating condi-
tions reflect impairment in the formation or development
of the myelin sheath. These two types of myelin disease
give similar clinical and neuropsychiatric features.

Multiple Sclerosis

Multiple sclerosis (MS) is the most common demyelinating
disorder of the CNS. Typically it presents in young adults,
but 0.6% of the patients do not have their first symptom
until age 60 or later (Hooge and Redekop 1992). The prev-
alence at age 70 is about 50/100,000 (Kurtzke and Kurland
1983). MS is rare in the tropics; its frequency increases in
more northern latitudes. Women are affected more often
than men by a 2 to 1 ratio.

Clinical features. The clinical course of MS has
three forms: relapsing-remitting, acute progressive, and
chronic progressive. Relapsing-remitting type is charac-
terized by symptoms that may evolve over a few days and
then partially or totally resolve over weeks. Rarely the
course is an acute, rapidly progressive one over a few weeks
or months to death. The most common pattern, particu-
larly in those with onset over age 40, is a chronic, slowly
progressive course.

Brainstem and spinal cord regions are frequently af-
fected and may cause internuclear ophthalmoplegia,
diplopia, trigeminal neuralgia, vertigo, myelopathy, acute
transverse myelitis, bladder dysfunction, urinary fre-
quency and urgency, urinary incontinence, constipation,
autonomic dysfunction, sensory disturbances, pares-
thesias, loss of vibratory and position sense, gait imbalance,
and pain syndromes, particularly of the back and lower ex-
tremities. Brain demyelination often results in optic neuri-
tis, spastic weakness, gait imbalance, appendicular and
truncal ataxia, intention tremor, dysmetria, sensory dys-
function, paroxysmal disorders, and neuropsychiatric syn-
dromes. Treatment with steroids and other medications
can complicate and contribute to the cognitive and psychi-
atric disturbances. Most patients with the onset of symp-
toms after age 50 or 60 have a slowly progressive
myelopathy with spastic paraparesis, gait imbalance, and
bladder impairment (Hooge and Redekop 1992;
Noseworthy et al. 1983).
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Neuropsychiatric aspects. Neuropsychiatric
symptoms may be the presenting complaint and, like other
MS symptoms, may exacerbate and remit or may be contin-
uously present after onset. Treatment with steroids or
other medications can contribute to these symptoms. Ta-
ble 30–2 lists the principal neuropsychiatric manifestations
of MS and their approximate frequencies.

Fatigue—a sense of tiredness or lack of energy that is
greater than expected for the effort required for a task or
the degree of disability evidenced by the patient (The Ca-
nadian MS Research Group 1987)—occurs in approxi-
mately 75% of patients with MS, often preventing normal
activities (Murray 1985). It must be differentiated from
symptoms of depression, weakness, lack of rest, or exces-
sive exercise. Fatigue in patients with MS is exacerbated by
heat and improves with cooler temperatures (Krupp et al.
1988).

Approximately 75% of men and 50% of women with
MS report sexual dysfunction (Stenager et al. 1992). In
men, two-thirds have erectile dysfunction, and one-third
report decreased libido. In women, painful genital
dysesthesias, inability to achieve orgasm, and decreased li-
bido are common. Nearly 90% of the men have neurogenic
causes for their erectile dysfunction (Kirkeby et al. 1988).
Hypersexuality is uncommon, but has been reported in 4%
of patients with MS (Mahler 1992).

Sleep disturbances are seen in a quarter of patients
with MS (Clark et al. 1992). Most have problems with sleep
initiation or maintenance and do not awaken feeling rested.
The sleep disturbance may be associated with depression,
fatigue, spasticity, bladder difficulties, or periodic leg
movements.

It is important to distinguish between how the patient
subjectively feels (mood) and the outward expression of his
emotion (affect). Approximately 11% of patients with MS
have difficulties regulating their emotional expression, re-
sulting in rapid mood swings or inappropriate emotional
responses (Minden and Schiffer 1990). Many patients have
depressed moods in spite of a euphoric affect.
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TABLE 30–1. Causes of demyelinating disorders
in elderly patients

Autoimmune
Multiple sclerosis (MS)
Behçet’s syndrome
Systemic lupus erythematosus (SLE)
Sjögren’s syndrome
Acute disseminated encephalomyelitis
Vogt-Koyanagi-Harada syndrome
Postinfectious encephalomyelitis

Vascular
Binswanger’s disease (subcortical arteriosclerotic

encephalopathy)
Metabolic-toxic

Marchiafava-Bignami disease
Central pontine myelinolysis
Subacute combined degeneration (vitamin B12 deficiency)
Thiamine deficiency (vitamin B1)
Vitamin B6 deficiency
Vitamin E deficiency
Postanoxic/posthypoxic state
Radiation leukoencephalopathy
Chemotherapy-related leukoencephalopathy

Hereditary-metabolic
Metachromatic leukodystrophy (MLD)
Adrenoleukodystrophy (ALD)
Adrenomyeloneuropathy
Cerebrotendinous xanthomatosis
Membranous lipodystrophy
Hereditary adult-onset leukodystrophy
Globoid cell leukodystrophy, late onset

Infectious
Human immunodeficiency virus type 1 (HIV-1)–

associated cognitive/motor complex
Progressive multifocal leukoencephalopathy (PML)
Lyme disease

Neoplastic
Lymphoma of the central nervous system
Paraneoplastic syndromes

TABLE 30–2. Frequency of neuropsychiatric
manifestations in multiple sclerosis

Neuropsychiatric manifestation Frequency
Fatigue 75%
Sexual dysfunction 50% (women)

75% (men)
Hypersexuality 4%
Sleep disturbance 25%
Emotional lability 11%
Depression 50%
Euphoria 25%
Mania 13%
Personality changes 40%
Psychosis 1%–3%
Cognitive dysfunction 30%–50%



Compared with patients with other chronic neurolog-
ical diseases, patients with MS have significantly more de-
pression. Approximately half of all patients with MS expe-
rience at least one episode of major depression during their
illness. No association has been found between their de-
pression and a family history of depression, duration of ill-
ness, age, gender, or socioeconomic status (Minden et al.
1987). Depression is associated with recent exacerbations
of MS symptoms requiring steroid therapy, but not with se-
verity of disability or cognitive impairment in most studies
(Good et al. 1992; Schiffer and Caine 1991).

Euphoria—a cheerful affect inappropriate to the situa-
tion—occurs in about 25% of patients with MS (Rabins
1990). It is not associated with steroid use and does not have
other features of hypomania. In fact, many patients with
euphoria have a depressed mood. Euphoria appears to be
produced by bilateral subfrontal demyelination (Minden
and Schiffer 1990), and patients with euphoria have more
neurological and cognitive deficits than those without eu-
phoria (Rabins 1990).

Mania occurs in up to 13% of patients with MS (Joffe et
al. 1987), and patients with MS have twice the risk of devel-
oping bipolar disorder as the general population. Human
leukocyte antigen (HLA) analysis and family history stud-
ies suggest a genetic predisposition for bipolar disorder in
patients with MS who manifest manic behavior (Schiffer et
al. 1988).

Apathy, lack of concern over their disabilities, lack of
initiation, impaired insight, irritability, and poor judgment
are personality changes observed in as many as 40% of pa-
tients with MS (Mahler 1992) and may be related to frontal
lobe dysfunctioning (Mendez 1995).

Psychosis in MS—including auditory or visual halluci-
nations, delusions, or paranoia—is seen in approximately
1%–3% of patients, and it occurs at a later age than in idio-
pathic schizophrenia (Feinstein et al. 1992; Ron and
Logsdail 1989). Psychosis can occur without steroid use
and without a family history of schizophrenia. Psychosis in
MS is associated with increased temporal and temporo-
parietal lobe abnormalities on MRI (Feinstein et al. 1992;
Honer et al. 1987; Ron and Logsdail 1989).

Cognitive dysfunction occurs in 40%–65% of patients
with MS (Fennell and Smith 1990; Rao 1996), with most
investigators emphasizing memory impairment. Approxi-
mately 20%–30% of patients with MS meet criteria for a
dementia syndrome with deficits primarily involving poor
retrieval memory, slowed information processing,
visuospatial abnormalities, and frontal-executive dysfunc-
tioning: a pattern suggestive of a subcortical dementia syn-
drome (Huber et al. 1987; Rao 1986). Corpus callosal atro-
phy on MRI and increased plaque volume correlate with

the severity of cognitive impairment (Huber et al. 1992b;
Swirsky-Sacchetti et al. 1992). The cognitive changes do
not correlate with duration of disease or depression, but
may be more severe in the chronic progressive type of MS
typical of that in elderly patients (Minden et al. 1990; Rao et
al. 1991). The cognitive changes weakly correlate with
physical disability in some studies (Rao et al. 1991), but not
in others (Maurelli et al. 1992).

Both verbal and nonverbal memory are impaired, with
spatial memory being more severely affected in most stud-
ies (Beatty et al. 1988; Grafman et al. 1990). The memory
deficit is a retrieval abnormality and not a true amnesia
(Rao 1986). Remote memory is usually spared (Rao et al.
1991). Verbal IQ is generally better preserved than is per-
formance IQ (Rao 1986). However, word list generation,
also called verbal fluency (the number of words beginning
with a certain letter produced in 1 minute or the number of
animals named per minute), is often decreased (Beatty et al.
1988; Rao et al. 1991). Rarely, aphasic syndromes have
been described (Achiron et al. 1992). Executive functions
including planning, abstraction, concept formation, set
shifting, sustained attention, and organization skills are af-
fected in MS (Fennell and Smith 1990) and suggest frontal
lobe dysfunction (Mendozzi et al. 1993). Frontal white
matter lesions on MRI correlate with these disturbances
(Comi et al. 1995; Huber et al. 1992a). Signs of corpus
callosal disconnection have been identified with dichotic
listening tasks (Rubens et al. 1985), with tachistoscopic ob-
ject-naming tasks (Rao et al. 1989), and from the clinical
examination demonstrating left-hand apraxia, agraphia,
and astereognosis (Schnider et al. 1993). Corpus callosal
atrophy on MRI has been demonstrated in these patients.

Pathophysiology and diagnosis. MS is believed
to be caused by an immune-mediated response triggered
by exposure to an unknown environmental agent in the ge-
netically predisposed individual. This response results in
multifocal discrete inflammatory demyelinated areas scat-
tered throughout the white matter, including the arcuate
U-fiber regions. MRI shows these plaques in the white
matter as areas of high signal on T2-weighted images (Fig-
ure 30–3), and gadolinium contrast can distinguish active
from inactive plaques (Bastianello et al. 1990). Diagnosis is
aided by finding increased immunoglobulin production
and oligoclonal bands in the CSF (Table 30–3) and pro-
longed latencies on evoked potential testing (Poser et al.
1983).

Treatment. Oral prednisone, intravenous methyl-
prednisolone, and intramuscular adrenocorticotropic hor-
mone (ACTH) appear to speed the recovery of an acute
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exacerbation. Immunosuppressive drugs such as azathio-
prine, cyclophosphamide, and cyclosporin might have the
potential to slow down the progression of MS, but their use
is limited by potentially serious side effects. Intravenous
immune globulin has also been recently tried (Achiron et
al. 1996).

New therapies for relapsing-remitting MS, including
interferon beta-1b given subcutaneously on alternate days
(IFNB Multiple Sclerosis Study Group 1993; IFNB Multi-
ple Sclerosis Study Group and University of British Co-
lumbia MS/MRI Analysis Group 1995; Lublin et al. 1996;
Paty et al. 1993), interferon beta-1a given intramuscularly
once weekly (Jacobs et al. 1996), and glatiramer acetate
given subcutaneously daily (K. P. Johnson et al. 1995,
1998), are aimed at modifying the immune processes
thought to be responsible for the pathogenesis of MS.
These agents have had some effect on reducing the fre-
quency and severity of relapses in patients with relaps-
ing-remitting MS, reducing the progression of disability,
and diminishing the number and size of MRI lesions. Com-
bination therapies with corticosteroids, interferon beta,
and glatiramer are being tried, but no formal results are
available. Interferon beta products can produce antibodies

that may be associated with loss of efficacy under some cir-
cumstances in some patients, but this has not been consis-
tent. Those with high titers may be more likely to become
treatment nonresponders. Glatiramer, so far, has not been
noted to produce antibodies associated with loss of
efficacy.

Unfortunately, many of the immunotherapies can pro-
duce neuropsychiatric and other adverse effects. If used
longer term, adrenocorticosteroids may cause serious in-
fections, electrolyte disturbances, peptic ulcers, osteopo-
rosis, myopathy, cataracts, and Cushing’s habitus. Behavior
disturbances include nervousness, insomnia, depression, ma-
nia, and psychosis. Immunosuppressive agents may also cause
serious infections, increase risk of neoplasia, and cause multi-
ple organ toxicities. The most common side effects of the im-
mune modifying agents (interferon betas and glatiramer) are
the injection site reactions. Postinjection flushing, palpita-
tions, throat constriction, urticaria, and dyspnea can also oc-
cur. Dizziness, hypertonia, and tremor are seen with
glatiramer, and seizures have been reported with the
interferons. Neuropsychiatric side effects include fatigue,
anxiety,depression,psychoticdepression,andsuicidality.De-
pression is a common reason for discontinuation of the inter-
feron betas and glatiramer (Copaxone prescribing insert;
Neilley et al. 1996). Although only 1% of patients spontane-
ously report depression after taking interferon beta-1b, as
many as 40% in one study were actually experiencing new or
increased symptoms of depression within 6 months of initiat-
ing therapy (Mohr et al. 1997). Treatment of the depression
significantly reduced discontinuation of the interferon
beta-1b (Mohr et al. 1997).

Management of specific symptoms may contribute to
improved patient functioning. Spasticity is treated with a
combination of physical therapy, tizanidine (Nance et al.
1997), baclofen, benzodiazepines, botulinum toxin, or
dantrolene. Paroxysmal disorders respond to anti-
convulsants. Bladder disorders and urinary tract infections
are reduced by anticholinergics, self-catheterization, and
prophylactic antibiotics.

Treatments for the neuropsychiatric manifestations
are also available. Cognitive impairment may be helped
with cholinesterase inhibitors (Leo and Rao 1988) or the
use of memory aids, lists, routinization of daily activities,
and other cognitive retraining strategies (LaRocca 1990).
Pathological laughing or crying can be treated with
low-dose amitriptyline (Schiffer et al. 1985) or fluoxetine
(Seliger et al. 1992). Depression is treated with selective se-
rotonin reuptake inhibitors with low side effects and very
high response rates (Scott et al. 1996). Bipolar disorder is
treated with lithium (Schiffer 1990) or sodium valproate.
Anticholinergic agents may impair cognition but aid blad-
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FIGURE 30–3. Magnetic resonance image (MRI) of a
65-year-old woman with chronic progressive multiple sclero-
sis. MRI shows multiple areas of increased signal on the pro-
ton-density–weighted image in the right and left centrum
semiovale regions.



der symptoms; the choice of treatment in any individual
will depend on the relative anticholinergic effect desired.
Fatigue may be ameliorated by amantadine (The Canadian
MS Research Group 1987; Murray 1985) or pemoline
(Weinshenker et al. 1992) or with steroids if associated
with an acute exacerbation. Pharmacotherapy reassess-
ment is essential to eliminate agents no longer needed.
Support groups and psychotherapy are useful for informa-
tion exchange, social interaction, stress reduction, and
emotional support (Minden and Moes 1990).

Acute Disseminated Encephalomyelitis

Acute necrotizing hemorrhagic, postinfectious, and
postvaccinal encephalomyelitis are forms of acute dissemi-
nated encephalomyelitis, an immune-mediated condition
resulting in CNS demyelination. It can occur at any age. It
is typically, but not exclusively, a monophasic illness pre-
senting with fever, headache, and altered consciousness
and typically preceded days or weeks earlier by either viral
illness or vaccination (Geerts et al. 1991). The hemor-
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TABLE 30–3. Cerebrospinal fluid profiles of various conditions

Infection White cells Protein (mg/dL) Glucose (mg/dL) Miscellaneous
Multiple sclerosis 0–20 lymphocytosis Normal, 100 Normal Oligoclonal bands, IgG

increase
Acute disseminated
encephalomyelitis

10–4000 PMN, lympho-
cytes

Normal, 344 Normal Increased pressure,
occasional oligoclonal
bands

Creutzfeldt-Jakob disease 0–15 lymphocytosis Normal, 50–120 Normal Occasional IgG increase,
14–3–3 brain protein

Herpes simplex encephalitis 50–1000 lymphocytosis 50–400 Normal Culture, serology
Aseptic meningoencephalitis 5–1000 lymphocytosis 45–80 20–40, normal Culture
HIV-1 dementia complex 0–8 lymphocytosis < 80 Occasional decrease IgG increase, culture
PML 0–8 lymphocytosis < 80 Normal PCR for JC virus DNA
Acute bacterial meningitis 100–60,000 PMN 100–1000 5–40 Culture, antigen detection
Brain abscess 0–500 PMN, lymphocytes 40–100 Occasional decrease
Fungal meningitis 5–800 lymphocytosis 45–500 10–40, normal Culture, cryptococcal

antigen
Neurosyphilis 5–1000 lymphocytosis 50–100 < 40, normal VDRL test, IgG increase
Neuroborreliosis

(Lyme disease)
0–150 lymphocytosis 40–100 Normal IgG increase, serology

Isolated angiitis of the CNS 0–800 lymphocytosis 40–600 Occasional decrease Occasional IgG increase
Lymphomatoid

granulomatosis
0–225 atypical

lymphocytes
40–780 Normal Occasional oligoclonal

bands
Behçet’s syndrome 0–500 lymphocytosis Normal to 160 Normal Occasional IgG increase,

blood-brain barrier
breakdown

SLE 0–50 lymphocytosis Normal to 100 Normal Oligoclonal bands, IgG
increase, antineuronal
antibodies, blood-brain
barrier breakdown

Sjögren’s syndrome Mild lymphocytosis Normal to 100 Normal Oligoclonal bands, IgG
increase

Note. CNS = central nervous system; IgG = immunoglobulin G; HIV-1 = human immunodeficiency virus type 1; PCR = polymerase chain reac-
tion; PML = progressive multifocal leukoencephalopathy; PMN = polymorphonuclear cells; SLE = systemic lupus erythematosus; VDRL = Vene-
real Disease Research Laboratory.
Sources. From Alexander 1993; Ashwal 1995; Bale 1991; Brink and Miller 1996; Bushunow et al. 1996; Fishman 1992; Geerts et al. 1991;
Halperin et al. 1991; Hsich et al. 1996; Kirschbaum 1968; Kleinschmidt-DeMasters et al. 1992; Levy et al. 1985; Marshall et al. 1988; McLean et
al. 1995; Navia et al. 1986b; Pachner 1995; Schmidt 1989; West et al. 1995; Whitley and Lakeman 1995; and Younger et al. 1988.



rhagic form is usually, but not always, rapidly fatal (Huang
et al. 1988). If the individual survives the acute condition,
gradual recovery over days to weeks ensues. Hemiparesis,
sensory deficits, seizures, dysarthria, or dysphasia may be
present initially (Geerts et al. 1991). The neuropsychiatric
residua vary depending on the degree of injury and extent
of recovery. A subcortical dementia syndrome similar to
that seen in multiple sclerosis is typical. Inflammation,
demyelination, and variable hemorrhage occurs in the
white matter. Neuroimaging studies show multifocal ab-
normalities and large lesions that often involve the cortex
with very little periventricular or callosal involvement
(Kesselring et al. 1990). CSF cultures are negative (Table
30–3). A brain biopsy may be required to rule out infection
or tumor. Treatment is supportive and may require reduc-
tion of increased intracranial pressure. Surgical decom-
pression has been recommended for the hemorrhagic form
(Huang et al. 1988). Immunosuppression has been used
with some success (Seales and Greer 1991).

Binswanger’s Disease

Binswanger’s disease, also called subcortical arteriosclerotic
encephalopathy, is a vascular dementia resulting from
hypoxic ischemia involving the small penetrating vessels
supplying the deep white matter of the cerebral hemi-
spheres. It occurs in elderly individuals, most with a history
of chronic hypertension. A gradually progressive course of
dementia with frontal features and personality change is
typical. Neuropsychiatric findings include memory defi-
cits, executive impairment, decreased attention, poor judg-
ment, lack of spontaneity, reduced drive, apathy, perse-
veration, pseudobulbar palsy, emotional incontinence, and
at times euphoria, elation, and aggressiveness (Babikian
and Ropper 1987; McPherson and Cummings 1996).
Weakness, ataxia, rigidity, small-stepped gait, frequent
falls, frontal release signs, dysarthria, and urinary inconti-
nence are typical neurological abnormalities. White mat-
ter demyelination is seen pathologically, and MRI reveals
hyperintensities on T2-weighted images in the peri-
ventricular and deep white matter regions. Binswanger’s
disease and lacunar state commonly co-occur.

Marchiafava-Bignami Disease

Marchiafava-Bignami disease is characterized by
demyelination of the corpus callosum and adjacent white
matter. It is rare and occurs mostly in middle to late adult
life in men who are chronically alcoholic. Many individuals
exhibit a chronic dementia syndrome that progresses over
months to years. Remissions are possible. Severe cases

present in stupor or coma, and the patient dies rapidly.
The neuropsychiatric features vary widely from case to

case. The CNS manifestations include dementia, aphasia,
slow information processing, frontal release signs,
dysarthria, incontinence, hemiparesis, seizures, apraxic
gait, and signs of corpus callosum interhemispheric dis-
connection such as left-sided limb apraxia, left-hand
anomia, and agraphia (Lechevalier et al. 1977; Victor
1993). Personality changes, apathy, violence, and sexual
deviations have also been reported.

Demyelination of the corpus callosum with relative
sparing of the splenium and absence of inflammatory
changes is the characteristic pathology. Less often, the an-
terior or posterior commissures, centrum semiovale, supe-
rior cerebellar peduncles, or the white matter of the pons
are involved. MRI scans show demyelination essentially
limited to the callosum (Chang et al. 1992). Alcoholic ab-
stinence and proper nutrition is recommended.

Subacute Combined Degeneration

Subacute combined degeneration is caused by vitamin B12

(or rarely folate) deficiency, which produces demyelination
in the spinal cord and brain. This condition can occur at
any age and may be secondary to pernicious anemia,
malabsorption syndromes, acquired immunodeficiency,
stomach or small bowel resections, stomach acid–reducing
agents, or rarely from a dietary B12 deficiency (Swain 1995).
Clinical features of subacute combined degeneration are
variable from case to case, but may include peripheral neu-
ropathy, myelopathy, gait disturbance, incontinence, vi-
sual impairment, megaloblastic anemia, dementia, and
neuropsychiatric syndromes.

Confusion, memory impairment, slow reaction time,
and perseveration are common cognitive findings
(Cummings and Benson 1992). The dementia may occa-
sionally precede other systemic manifestations of the
vitamin deficiency (Karnaze and Carmel 1990). Neuropsy-
chiatric manifestations include apathy, depression, person-
ality changes, agitation, aggression, paranoia, delusions,
and hallucinations (Clementz and Schade 1990; Linden-
baum et al. 1988). Numbness, tingling, lower-extremity
weakness, and gait disturbance may progress to flaccid pa-
ralysis and incontinence.

The dorsal and lateral columns of the spinal cord and
the white matter in the brain show areas of spongiform de-
generative demyelination. EEG reveals generalized slow-
ing in those with dementia. A low serum B12 level is usually
diagnostic. Serum methylmalonic acid and homocysteine
are good confirmatory tests, and malabsorption is demon-
strated by performing a Schilling test. Administration of
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vitamin B12 may reverse or stop the progression of the neu-
rological symptoms and dementia.

Postanoxic/Posthypoxic States

Elderly individuals are particularly prone to an-
oxia/hypoxia from cardiopulmonary failure or sleep apnea.
Chronic hypoxia results in a slowly progressive dementia
syndrome, whereas acute anoxia can lead to profound
neuronal injury and death. Rarely, patients may develop ex-
tensive white matter demyelination a few weeks after ap-
parent recovery from an acute anoxic insult. The delayed
symptoms include slowed responses, somnolence, irrita-
bility, depression, inattentiveness, disorientation, forget-
fulness, pseudobulbar palsy, mutism, incontinence, gait
disturbances, and spasticity (Plum et al. 1962). Death often
occurs, but moderate recovery has been observed.
Postanoxic demyelination is seen diffusely over both cere-
bral hemispheres on MRI.

Radiation and Chemotherapy-Related
Leukoencephalopathy

Neoplastic conditions are very common in the geriatric
population, and both radiation therapy and chemotherapy
are often used either alone or in combination to treat the
tumors. These therapies can be used either to reduce the
tumor burden or as a prophylactic to reduce the likelihood
of potential brain or spinal cord metastases. However, both
may also lead to delayed demyelination of the CNS occur-
ring from 3 months to 5 years after the treatment. The neu-
rological complications of cranial irradiation include
memory loss, cognitive decline, abulia, gait disturbance,
ataxia, pyramidal tract signs, and tremors. Patients may be-
come severely disabled with dementia and paresis (B. E.
Johnson et al. 1985).

Chemotherapeutic agents cause a delayed demyelina-
tion thought to be secondary to oligodendrocyte neuro-
toxicity. The neurological findings are similar to the de-
layed effects of radiation treatment. Methotrexate is the
most notable example of such an agent, especially when
given intrathecally (Ojeda 1982). Cyclosporine (de Groen
et al. 1987), cytosine arabinoside (Lee et al. 1986), and
5-fluorouracil combined with levamisole (C. C. Hook et al.
1992) have all been reported to cause demyelination. The
combination of radiation therapy and chemotherapy, par-
ticularly when using methotrexate, cisplatin, lomustine, or
amphotericin B, appears to enhance the neurotoxicity (So
et al. 1987; Walker and Rosenblum 1992).

Demyelination with necrosis is the pathological find-
ing seen with the delayed effects of radiation on the CNS.

Demyelination with or without necrosis has also been re-
ported with the use of chemotherapeutic agents (C. C.
Hook et al. 1992; Ojeda 1982). Diffuse symmetric white
matter low attenuation, cerebral atrophy, ventricular dila-
tion, and occasionally mass effect are seen with CT scan-
ning of the head (So et al. 1987). MRI reveals increased sig-
nal on the T2-weighted images in the periventricular white
matter in a diffuse, symmetric, and confluent pattern. Scat-
tered focal lesions that enhance with gadolinium are also
common (C. C. Hook et al. 1992; So et al. 1987).

Metachromatic Leukodystrophy

Metachromatic leukodystrophy (MLD) is a dys-
myelinating disorder with infantile, juvenile, and adult
forms. The adult form may present from ages 16 to 40 and
will usually last from 5 to 20 years, but occasionally as long
as 40 years. The enzyme deficient in this autosomal reces-
sive inheritable disorder is arylsulfatase A. Personality
changes and cognitive decline mark the insidious onset of
the adult form (Baumann et al. 1991). Disinhibition, poor
judgment, dishevelment, inappropriate affect, emotional
lability, looseness of associations, diminished attention
span, memory deficits, abstraction and calculation difficul-
ties, spatial disorientation, and constructional problems
are seen (Merriam et al. 1990). This progresses to psychosis
(present in more than 50% of cases), occasionally mania,
and dementia (Hyde et al. 1992). Spasticity, ataxia, and sei-
zures are often present. Resting and postural tremors and
choreoathetosis have occasionally been described
(Merriam et al. 1990). Peripheral neuropathy, in the adult
form, may not be clinically evident though present electro-
physiologically. Sulfatide deposits are present around both
central and peripheral nerves and in viscera. Demye-
lination sparing the arcuate fibers (U-fibers) is present in
the cerebral hemispheres and evident on neuroimaging.
Motor and sensory nerve conduction velocities are mildly
slowed, and increased CSF protein is occasionally found.
Diagnosis is made by measuring the enzyme deficiency in
leukocytes or measuring the amount of sulfatide in urine
(Baumann et al. 1991). Genetic counseling is indicated.

Adrenoleukodystrophy

Adrenoleukodystrophy (ALD) is an X-linked dysmye-
linating disorder featuring a deficiency of a peroxisomal
enzyme that results in the excessive storage of very long
chain fatty acids (VLCFAs) (Naidu and Moser 1990).
There are neonatal, juvenile, adolescent, and adult cerebral
forms as well as an X-linked adrenomyeloneuropathy
(AMN) form. The adult cerebral form, representing ap-
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proximately 3% of all cases, may present from ages 18 to 57
(Weller et al. 1992). The AMN form, found in 21% of all
cases, typically has its onset between ages 20 and 35 and
rarely occurs in later adult life. Approximately 10%–15%
of the women who are ALD carriers develop neurological
deficits resembling AMN with onset between age 15 and 76
(Naidu and Moser 1990).

The initial finding in the adult cerebral form of ALD is
usually dementia. Other neurological findings include up-
per motor neuron signs, paresis, ataxia, gait apraxia,
dysarthria, homonymous hemianopsia, impaired visual
acuity leading to cortical blindness, ocular movement dis-
orders, and hearing loss. Seizures are a late finding. Psychi-
atric features are seen in nearly 40% of patients, often oc-
cur early in the course, and include hypomania, emotional
lability, depression, hyperactivity, physical and sexual ag-
gression, and psychosis (Kitchin et al. 1987). Adrenal insuf-
ficiency and a bronze discoloration of the skin typically be-
come evident after the neurological symptoms begin. The
AMN form begins with a progressive spastic paraparesis
and a mild peripheral neuropathy, with 20% of patients
eventually developing dementia. Emotional lability and
depression have also been observed (Naidu and Moser
1990). In ALD, there is demyelination of cerebral white
matter sparing the arcuate fibers. Increased signal on
T2-weighted images is present in the periventricular white
matter on MRI scanning, typically starting occipitally and
progressing anteriorly. CSF protein is increased. Diagno-
sis is made by assaying VLCFAs in plasma or skin
fibroblasts. A low cortisol level or a reduced adrenal re-
sponse to stimulation indicates adrenal insufficiency.
Treatment includes a low-VLCFA diet with erucic and
oleic acid; adrenal steroids are used for the adrenal dys-
function.

Cerebrotendinous Xanthomatosis

Cerebrotendinous xanthomatosis is an autosomal reces-
sive disorder resulting in impaired hepatic synthesis of bile
salts, leading to markedly increased levels of cholestanol.
Age at onset ranges from infancy to the seventh decade.
Clinical features include cataracts, tuberous and tendon
xanthomas, dementia, ataxia, pyramidal tract signs,
spasticity, dysarthria, seizures, depression, and a demye-
linating neuropathy. Early atherosclerosis with coronary
artery disease is also common. The tendon xanthomas of-
ten begin between ages 20 and 40. Cognitive decline can
appear in childhood or be delayed well past middle age.
Spasticity and ataxia progress, and, in the terminal stage,
incontinence and pseudobulbar palsy are present. Pathol-
ogy shows extensor tendon xanthomas and brain deposi-

tion of high-density lipoprotein. CSF examination demon-
strates a mildly elevated protein. CT and MRI scanning
reveal atrophy, focal tuberous xanthomas, and
demyelination in the cerebellum and cerebrum (Hokezu et
al. 1992). Diagnosis is confirmed by finding elevated levels
of cholestanol in plasma or bile. Early treatment with
chenodeoxycholic acid to reduce the formation of
cholestanol may reverse and prevent the clinical findings
(Bjorkhem and Skrede 1990).

Infectious Disorders

Infectious conditions producing neuropsychiatric signs
and symptoms are common at all ages. In the elderly popu-
lation, diagnosis is more difficult because certain systemic
signs such as fever may not be present, whereas other non-
specific symptoms such as confusion, headache, malaise,
generalized weakness, and diminished appetite may be
more prominent. Progression to an acute confusional state
or delirium with hallucinations, delusions, paranoia, im-
paired attention, disorientation, cognitive deficits, sleep
disturbance, and tremors may occur rapidly. Consider-
ation of infectious etiologies at an early stage enables
prompt diagnosis and treatment. Neuroimaging with MRI
or CT followed by lumbar puncture and, potentially, brain
biopsy are often necessary to determine the specific patho-
gen. Common CNS infections of the geriatric age group
are listed in Table 30–4.

Prion Infections

Prions are proteinaceous infectious particles consisting of
protein without nucleic acid. They can cause transmissible
diseases, can be inherited on chromosome 20 in 10%–15%
of cases, or may occur sporadically (DeArmond and
Prusiner 1995; Prusiner 1995). The normal prion protein
is hypothesized to be converted posttranslationally from an
α-helix to an abnormal β-sheet conformation that is insol-
uble to detergents, tends to aggregate, and can induce nor-
mal prion proteins to change their conformation to the ab-
normal form, causing accumulation of prions to sufficient
levels to cause a progressive neurodegenerative disease
state (Prusiner and Hsiao 1994).

Creutzfeldt-Jakob disease. Creutzfeldt-Jakob
disease (CJD) has a worldwide incidence of approximately
1 per 1 million. Approximately 90% of CJD cases arise spo-
radically without evidence of any infectious source,
5%–15% are familial, with an autosomal dominant inheri-
tance, and rare iatrogenically transmitted cases have oc-
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curred in humans from corneal transplants, depth elec-
trodes, neurosurgical instrumentation, a cadaveric dura
mater graft, and human growth hormone that was ex-
tracted from human cadaveric pituitaries (Rappaport 1987;
Wasielewski et al. 1997).

The usual age at onset is between 50 and 70, with a
range from 20 to 79 (Cummings and Benson 1992). The
clinical course is typically very rapid: death usually comes
within several months to 1 year. Occasionally, individuals
have survived for several years. The familial forms have an
earlier age at onset and a longer duration of illness (Brown
et al. 1992).

Initially, the patient has complaints of generalized fa-
tigue, anxiety, sleep disturbance, appetite change, depres-
sion, impaired concentration, and forgetfulness. After a
few weeks, a progressive dementia ensues with aphasia, am-

nesia, apraxia, and agnosia. Myoclonus, chorea, tremor,
ataxia, cerebellar signs, pyramidal signs, spasticity, rigidity,
and seizures typically occur after the dementia has started.
Hallucinations and delusions are also seen. Mutism, incon-
tinence, decerebrate rigidity, and akinesis occur in the final
phases (Brown et al. 1986; Cummings and Benson 1992).

Pathology shows a spongiform state in the cortical and
subcortical gray matter with loss of neurons and gliosis
(Masters et al. 1981). The spongiform changes reflect the
occurrence of intracellular vacuoles. Occasionally, white
matter gliosis and demyelination are also seen. Some pa-
tients with CJD have amyloid plaques in the cerebellum
and cerebrum similar to those found in kuru. MRI results
may be normal or reveal mild atrophy and areas of in-
creased signal on T2-weighted images (Milton et al. 1991).
PET and SPECT show multiple diffuse areas of hypome-
tabolism/hypoperfusion in both cortical and subcortical re-
gions (Goldman et al. 1993; Watanabe et al. 1996) (Figure
30–4). CSF showing a positive immunoassay for the 14-3-3
brainprotein is strongly supportiveofCJD(Hsichet al. 1996)
(Table 30–3). The EEG shows background slowing and a
characteristic periodic polyspike discharge (Chiofalo et al.
1980); thisEEGpatternmaybeabsent in the familial formsof
CJD (Brown et al. 1992). Diagnosis can be made by the clini-
cal features, EEG, and CSF and is confirmed by brain biopsy
if the features are atypical. Treatment is not available except
for supportive care.

Other prion diseases. Gerstmann-Straüssler-
Scheinker (GSS) syndrome is a rare autosomal dominant
disorder with onset between ages 40 and 60. Seven known
point mutations in the prion protein gene can result in the
GSS syndrome (Prusiner 1996), which is characterized by a
mild dementia with pyramidal, extrapyramidal, and cere-
bellar signs (Farlow et al. 1989). Ataxia is the usual present-
ing manifestation followed by dementia. Gaze palsies,
deafness, and blindness may occur.

Fatal familial insomnia (FFI), sometimes referred to as
familial thalamic dementia, is caused by a point mutation
on the prion protein gene at codon 178 combined with a
polymorphism at codon 129 (Medori et al. 1992; Petersen
et al. 1992). FFI does not appear to be transmissible and has
a course and presentation similar to CJD with the addition
of progressive insomnia and dysautonomia. Onset is usu-
ally at about age 50 with a 12- to 13-month course to death.
Patients often develop dysarthria, ataxia, myoclonus, py-
ramidal tract signs, insomnia, and autonomic disturbances
including hyperhidrosis, hyperthermia, tachycardia, and
hypertension. Although the neuropathology in FFI of
neuronal loss and gliosis seems mostly restricted to the
anterior and dorsal medial thalamic nuclei, these nuclei
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TABLE 30–4. Causes of central nervous system
infections in elderly patients

Prions
Creutzfeldt-Jakob disease (CJD)
Gerstmann-Straüssler-Scheinker syndrome (GSS)
Fatal familial insomnia
Kuru
New variant CJD

Virus
Acute viral encephalitis

Herpes simplex encephalitis
Other meningoencephalitides

Slow viral encephalitis
Human immunodeficiency virus type 1 (HIV-1)
Progressive multifocal leukoencephalopathy (PML)

Bacteria
Acute bacterial meningitis
Brain abscess
Subdural empyema
Epidural abscess
Tuberculosis (meningitis)
Whipple’s disease

Fungus
Chronic meningitis
Spirochetes
Syphilis
Lyme disease

Parasites
Toxoplasma
Cysticercosis
Amoeba
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have tremendous connections with specific frontal lobe re-
gions, and neuropsychological evaluation of these patients
reveals significant executive dysfunctioning with difficul-
ties with working memory, attention, sequencing, and
planning abilities (Gallassi et al. 1992). Confusion, disori-
entation, and hallucinations can also be seen.

Kuru and new variant CJD are transmissible prion dis-
eases affecting humans. Kuru is seen in certain New
Guinea tribes who practice ritualistic cannibalism. New
variant CJD appears to be a novel epidemic caused by the
spread of bovine spongiform encephalopathy (BSE), a
prion disease affecting cattle, to humans who consume
BSE-contaminated cattle-derived products (Epstein and
Brown 1997; Schonberger 1998).

Viral Infections

Viral infections can be classified as either acute, with a rapid
onset of symptoms, or slow, with a chronic course over
months to years (Table 30–4). The clinical features of the

infection relate to the selective vulnerability of certain cell
types to the particular virus (R. T. Johnson 1982).

Herpes simplex encephalitis. Herpes simplex
encephalitis, an acute infection, is a common cause of en-
cephalitis in elderly patients and is often treatable, but
mortality is high. Incidence is about 1/400,000 per year,
with half of all cases occurring in those over age 50 (Whit-
ley 1991).

Initial clinical features include headache, fever, stiff
neck, and photophobia. These symptoms progress over a
few days to produce lethargy, mental status changes, mem-
ory impairment, aphasia, focal neurological deficits, sei-
zures, and eventually coma (Whitley 1991). Recovery may
be complete or partial. Frontal and temporal lobe involve-
ment are common (Kapur et al. 1994). Frontal lobe injury
often results in grasp reflexes, frontal release signs, motor
impersistence, disinhibition, impulsivity, psychomotor hy-
peractivity, hyperoral behavior, apathy, echolalia, mutism,
anomia, inattention, and utilization behaviors (Brazzelli et

FIGURE 30–4. Positron-emission tomography (PET) image of a 63-year-old man with autopsy-proven Creutzfeldt-Jakob dis-
ease. Panel A: PET shows multifocal areas of cortical hypometabolism involving the right parieto-occipital region and the bilat-
eral frontal areas (arrows). Panel B: A slightly caudal PET slice revealing the relative hypometabolism seen in the right basal
ganglia region (arrow).



al. 1994). Temporal lobe damage often causes amnesia,
hallucinations, and, if bilateral, the Klüver-Bucy syn-
drome, which is characterized by hyperoral behavior, di-
etary changes, hypersexuality, placidity, visual agnosia, and
hypermetamorphosis (excessive tactile exploration of the
environment). Aphasia or dementia syndrome may be per-
manent (Cummings and Benson 1992).

Hemorrhagic necrosis and petechial hemorrhages are
seen in the brain at autopsy. The medial temporal, insular,
cingulate, and orbitotemporal regions are the areas most
commonly involved (Okazaki 1983). Periodic lateralizing
epileptiform discharges (PLEDs) are the usual focal EEG
abnormality, seen in 80% of patients (Bale 1991). MRI of-
ten shows focal areas of increased T2 signal in the tempo-
ral/insular or frontal regions (Schroth et al. 1987). An im-
aging study is often necessary before the lumbar puncture
to rule out a mass lesion. The lumbar puncture usually sug-
gests a viral infection, and application of polymerase chain
reaction (PCR) can confirm a specific diagnosis of herpes
simplex virus infection in the brain (Whitley and Lakeman
1995) (Table 30–3). Brain biopsy is diagnostic, but is not al-
ways accurate, and it has an acute morbidity of at least 3%
(Whitley 1991). Therapy with acyclovir (30 mg/kg body
weight per day in three divided doses for 10 days) is started
empirically and immediately because the toxic effects are
minimal and mortality is reduced from 70% to 19%
(Whitley 1991).

Other meningoencephalitides. The arboviruses
are frequent causes of meningoencephalitis in the elderly
population (Ho and Hirsch 1985). All are mosquito borne,
and all have seasonal and geographic preferences. St. Louis
encephalitis is the most common type in the United States.
In a study of eastern equine encephalitis, 40% of all cases
occurred in patients over age 50 (Przelomski et al. 1988).
Western equine encephalitis is common particularly in
young children and the elderly. Rubella, mumps, measles,
Coxsackieviruses, polio, and adenoviruses typically occur
in younger age groups (Bale 1991).

The acute prodromes of viral meningoencephalitides
are all similar to that described for herpes simplex encepha-
litis above. The specific neurological deficits depend on the
extent and distribution of the infection. Lethargy, mental
status changes, focal neurological deficits, seizures, and
coma may occur. The syndrome of inappropriate anti-
diuretic hormone (SIADH) secretion is common with St.
Louis encephalitis (Ho and Hirsch 1985). Permanent
postencephalitic intellectual deficits have been observed
with several arbovirus infections including western equine,
eastern equine, Japanese, and St. Louis encephalitis
(Cummings and Benson 1992).

Human immunodeficiency virus type 1. H u-
man immunodeficiency virus type 1 (HIV-1) is a retrovirus
that preferentially infects helper T cells (Pantaleo et al.
1993). As the number of helper T cells declines, acquired
immunodeficiency syndrome (AIDS) occurs, making the
individual susceptible to numerous opportunistic infec-
tions (Centers for Disease Control 1992). The virus is con-
stantly mutating, and certain virus types are able to enter
the CNS easily and early in the course of the infection,
making neurological symptoms common. High-risk
groups include homosexual men, intravenous drug users,
users of crack cocaine, individuals who receive contami-
nated blood products, heterosexual partners of HIV-1–in-
fected individuals, and children of HIV-1–infected moth-
ers (Rosenblum et al. 1988). Although this disease is most
prevalent among men between ages 25 and 44, undoubt-
edly an increasing number of cases will be identified in the
geriatric population.

It is estimated that 30 million people worldwide are in-
fected with HIV-1 (Kahn and Walker 1998). Nearly every-
one infected is expected to eventually develop AIDS. In
1996, more than 235,000 cases of AIDS in the United
States alone were recorded (Centers for Disease Control
1997). The median period of time between the initial infec-
tion and the development of AIDS is 10 years. Elderly indi-
viduals, however, have a more rapid course.

Only 40%–90% of new HIV-1 infections are associ-
ated with symptomatic illness (Kahn and Walker 1998).
The most common signs and symptoms of HIV-1 infection
include fever, lethargy, rash, headache, lymphadenopathy,
pharyngitis, myalgias, arthralgias, diarrhea, vomiting, and
night sweats (Kahn and Walker 1998). Neurological and
neuropsychiatric symptoms occur early, and opportunistic
infections account for many additional clinical syndromes
(Table 30–5).

Diagnosis of HIV-1 infection itself is made by detect-
ing serum antibodies to HIV-1 proteins using HIV-1 en-
zyme-linked immunosorbent assay (ELISA) testing (Kahn
and Walker 1998). At the time of seroconversion, some in-
dividuals develop a primary HIV-1 meningitis consisting
of fever, headache, meningismus, and CSF pleocytosis
(Cooper et al. 1985). Individuals may then become asymp-
tomatic and have either mild (Bornstein et al. 1992) or no
(McArthur et al. 1989) abnormalities on neuropsycho-
logical testing. However, once systemic findings appear
(lymphadenopathy syndrome or AIDS-related complex
[ARC]), 50% of these individuals have neurological signs
or symptoms, and 50% have abnormalities on neuropsy-
chological testing (Janssen et al. 1988). Mental and motoric
slowness (Kieburtz and Schiffer 1989), referred to as the
HIV-1 associated minor cognitive/motor disorder, is the most
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common abnormality (American Academy of Neurology
AIDS Task Force 1991). Impaired memory, poor reason-
ing skills, and slow information processing speed are com-
mon (Rao 1996). By the time AIDS has been diagnosed,
neurological complications are seen in 60% of individuals,
and at autopsy neurological damage is found in 70%–90%
(Kieburtz and Schiffer 1989).

HIV-1–associated dementia (subacute encephalo-
pathy, HIV encephalopathy, or AIDS dementia complex) is
the initial manifestation of AIDS in 7% of all patients with
AIDS, but in those over age 74 it is the initial manifestation
in 19% (Janssen et al. 1992). It affects 15%–20% of all pa-
tients with AIDS (Power and Johnson 1995). It is charac-
terized by progression over weeks to months of a sub-
cortical dementia syndrome with mental slowness,
impaired concentration, forgetfulness, cognitive abnor-
malities, apathy, social withdrawal, slowed motor skills,
ataxia, and weakness, potentially resulting in severe global
cognitive dysfunction, paraplegia, mutism, and inconti-
nence (American Academy of Neurology AIDS Task Force
1991; R. W. Price et al. 1988). Agitation, delusions, and
hallucinations occur in a few patients (Cummings and
Benson 1992). Neuropsychological testing reveals deficits
particularly in nonverbal tasks and frontal lobe tasks in-
cluding Trails B and verbal fluency (Hestad et al. 1993;
Power and Johnson 1995). CT and MRI scans show gener-
alized cerebral atrophy and periventricular white matter
abnormalities (Ekholm and Simon 1988; Navia et al.
1986b). EEG results are either normal or show moderate
diffuse slowing (Koppel et al. 1985). CSF is abnormal but
nonspecific (Marshall et al. 1988; Navia et al. 1986b) (Table
30–3). The pathology of the HIV-1–associated dementia
consists of reactive gliosis and microglial nodules, espe-
cially in the subcortical white and gray matter (Masliah et
al. 1992; Navia et al. 1986a). Since the advent of zidovudine
and other antiviral agents, HIV-1–associated dementia oc-
curs less frequently and its progression is slowed (Atkinson
and Grant 1994; Bartlett and Moore 1998; Schmitt et al.
1988).

Using combinations of newer antiviral agents, treat-
ment of the neurological complications of AIDS has dra-
matically improved (Henry 1995). Currently the most ef-
fective treatments involve three of four drugs: two
nucleoside analogues that inhibit reverse transcriptase and
one or two protease inhibitors that prevents cleavage of
HIV proteins (Bartlett and Moore 1998). Neuropsychiat-
ric side effects of these treatments include fatigue, malaise,
myopathy, and confusion with zidovudine; dose-related,
occasionally painful, peripheral neuropathy with
stavudine, didanosine, and zalcitabine; and paresthesias
with ritonavir (The Medical Letter 1997).

Opportunistic infections and neoplasms involving the
CNS are listed in Table 30–5 (Bale 1991; Kieburtz and
Schiffer 1989; Levy and Bredesen 1988). Progressive
multifocal leukoencephalopathy (PML) and cryptococcal
meningitis are discussed below. CMV encephalitis in its se-
vere forms causes diffuse, bilateral cerebral dysfunction
with impaired alertness. Neuroimaging can occasionally
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TABLE 30–5. Neurological disorders in human
immunodeficiency virus–type 1
(HIV-1) infection

Primary HIV-1 infection
Aseptic meningitis
HIV-1–associated minor cognitive/motor disorder
HIV-1–associated dementia complex
HIV-1–associated myelopathy
HIV-1–associated acute inflammatory demyelinating

polyradiculoneuropathy (HIV-1–associated
Guillain-Barré syndrome)

Chronic inflammatory demyelinating polyneuropathy
HIV-1–associated predominantly sensory polyneuropathy
Mononeuritis multiplex
HIV-1–associated myopathy
Vasculitis (stroke)

Opportunistic infections
Viral

Cytomegalovirus (meningoencephalitis, retinitis,
myelitis)

Papovavirus (progressive multifocal
leukoencephalopathy)

Herpes simplex virus (myelitis, encephalitis)
Varicella zoster virus (myelitis, encephalitis)

Nonviral
Toxoplasma gondii (meningoencephalitis)
Mycobacteria (meningitis)
Cryptococcus neoformans (meningitis, brain abscess)
Aspergillus fumigatus (meningitis, brain abscess)
Histoplasma capsulatum (meningitis, brain abscess)
Candida albicans (meningitis, brain abscess)
Coccidioides immitis (meningitis, brain abscess)
Nocardia asteroides (brain abscess)
Mucormycosis (brain abscess)
Listeria monocytogenes (meningitis)
Escherichia coli (meningitis)
Syphilis (meningovascular)
Amebic infections (brain abscess)

Opportunistic neoplasms
Primary central nervous system lymphoma
Metastatic systemic lymphoma
Metastatic Kaposi’s sarcoma

Other conditions
Stroke (endocarditis, tumor hemorrhage)
Drug intoxication or withdrawal



show subependymal enhancement (Price 1996). Cerebral
toxoplasmosis and primary CNS lymphoma can be diag-
nosed by clinical presentation, neuroimaging, and a treat-
ment trial or occasionally a brain biopsy (Bale 1991). Cere-
bral toxoplasmosis evolves in only a few days, with focal
neurological findings and enhancing lesions with mass
effect and edema on MRI (Figure 30–5). Primary CNS
lymphoma also causes focal neurological deficits but pro-
gresses more slowly, and MRI lesions are more diffuse in
the deep white matter. Treatment with zidovudine and
other antiviral agents lowers the frequency and mortality of
opportunistic infections (Bartlett and Moore 1998;
Schmitt et al. 1988). Specific treatments are also available
for many of the opportunistic infections and neoplasms
(Bale 1991).

Intracerebral hemorrhages, embolic infarctions from
nonbacterial thrombotic endocarditis, strokes resulting
from vasculitis, and medication effects also contribute to
the neurological deficits seen with HIV-1 infection (Eng-
strom et al. 1989; Ochitill and Dilley 1988) (Table 30–5).

Progressive multifocal leukoencephalopathy.
PML caused by the papovavirus, JC virus, typically occurs
in patients with deficits in cell-mediated immunity, partic-
ularly in association with AIDS or lymphoproliferative dis-
eases or in those receiving immunosuppressive therapy
(Holman et al. 1991). Onset is usually between ages 30 and
70, but can range from ages 6 to 84 (Stoner et al. 1988). The
disease typically progresses over several weeks or months
to death in less than 1 year (Bale 1991).

The neurological manifestations are multifocal. Im-
paired concentration, visuospatial deficits, memory im-
pairment, speech disturbance, aphasia, calculation deficits,
cognitive decline, hemianopsia, slowing of motor speed,
paresis, sensory deficits, incoordination, and ataxia are
common (Berger et al. 1987; Cummings and Benson
1992). Depression and agitation have been reported
(Stagno et al. 1990). Fever or other systemic signs are not
present.

Pathologically, multifocal demyelination is found in
the subcortical white matter, particularly in the frontal and
parieto-occipital regions (Whiteman et al. 1993). In these
subcortical regions, axons are spared, but the oligoden-
drocytes and myelin are destroyed. Circling the dem-
yelinative foci, enlarged oligodendrocytes with intra-
nuclear inclusions consisting of papovavirus are present
(R. T. Johnson 1982). MRI shows areas of demyelination
without mass effect or contrast enhancement (Berger et al.
1987; Brink and Miller 1996), and PET studies show di-
minished metabolism in the same areas (Kiyosawa et al.
1988). CSF may confirm PML by detection of the CSF JC
virus DNA (Brink and Miller 1996) (Table 30–3). Diagno-
sis is also made by brain biopsy, and treatment is supportive
(Greenlee 1998).

Bacterial Infections

Acute bacterial meningitis. The incidence of
bacterial meningitis is 5/100,000 per year. Mortality can be
as high as 35% in those over age 65 (Behrman et al. 1989).
Common organisms causing acute bacterial meningitis in
the elderly population are Streptococcus pneumoniae,
Neisseria meningitidis, Listeria monocytogenes, Haemophilus
influenzae type B, and other Gram-negative bacilli (Ashwal
1995; Behrman et al. 1989; Durand et al. 1993; Stacy and
Roeltgen 1991). Predisposing conditions such as diabetes,
cancer, recent craniotomy, sinus surgery, skull fractures, or
immunosuppressive therapy are present in about 35% of
cases, and concurrent infections occur in approximately
40% of cases (Behrman et al. 1989).

Initial symptoms of a bacterial meningitis include
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FIGURE 30–5. Gadolinium-enhanced T1-weighted mag-
netic resonance image (MRI) of an individual with acquired
immunodeficiency syndrome (AIDS) and a cerebral abscess
resulting from toxoplasmosis. MRI reveals a mass lesion in the
left medial frontal region with surrounding edema.



fever, headache, stiff neck, photophobia, nausea, and vom-
iting. Agitation, lethargy, and often, especially in the el-
derly, acute confusional states follow. Mental status
changes are more common than are meningismus or head-
ache (Behrman et al. 1989). Focal neurological deficits
including hemiparesis, visual field defects, aphasia, cranial
nerve palsies, and seizures are usually the results of cerebro-
vascular complications or acute obstructive hydrocephalus
(Durand et al. 1993). Long-term sequela include dementia,
aphasia, hydrocephalus, seizures, and persistent focal neuro-
logical deficits. Personality changes are common.

Purulent meningitis and brain edema are seen at au-
topsy. CT or MRI may show evidence of hydrocephalus,
edema, or infarct. CSF is diagnostic, revealing increased
intracranial pressure, polymorphonuclear pleocytosis, ele-
vated protein, hypoglycorrhachia, positive cultures, and
bacterial antigen detection (Ashwal 1995) (Table 30–3).
Antibiotics are required for treatment. Adjunctive steroid
use is now being considered more frequently for bacterial
meningitis at any age (Ashwal 1995). Vaccination for some
of the more common pathogens (Streptococcus pneumoniae)
protects against disease and is cost-effective in the elderly
(Monto and Terpenning 1996).

Brain abscess and epidural abscess. Abscess-
es consist of collections of purulent material that may be
present in brain parenchyma, subdural space, or epidural
space. The incidence of brain abscess is 4/1 million per
year. Fifteen percent of all brain abscesses and 25% of all
spinal epidural abscesses occur in patients over age 60. Typ-
ical organisms for brain abscesses include aerobic and an-
aerobic Streptococcus, Bacteroides, Fusobacterium, and
Clostridium species. In immunocompromised individuals,
various fungal species, cysticercosis, and toxoplasmosis are
prevalent (Wispelwey and Scheld 1992). Staphylococcus
aureus, anaerobic bacteria, and Gram-negative organism
infections are frequent causes of brain abscesses after ex-
tension of a frontal sinusitis or middle ear infection (Luby
1992).

Headache, fever, mental status changes, and focal neu-
rological signs are common initial symptoms (Wispelwey
and Scheld 1992). Seizures and increased intracranial pres-
sure may occur. Long-term sequela include late seizures
and persistent focal neurological deficits. Enhanced MRI is
very helpful in diagnosing brain abscesses (Sze and
Zimmerman 1988), and EEG usually shows focal delta ac-
tivity. Lumbar puncture may precipitate a herniation syn-
drome and is contraindicated in brain abscesses (Table
30–3). Treatments for brain abscesses include broad cover-
age antibiotics and occasionally surgical drainage
(Wispelwey and Scheld 1992).

Fungal Infections

Half of all chronic fungal meningitis infections occur in
individuals with depressed immune systems or chronic de-
bilitation (Cummings and Benson 1992), making these in-
fections frequent among the geriatric population. Crypto-
coccal meningitis is the most common of these infections
(Jones and Nathwani 1995). Other causative organisms in-
clude Coccidioides, Histoplasma, Candida, Blastomyces, and
Aspergillus.

Fungal infections begin insidiously and progress
slowly over weeks to months. Headache, fever, and stiff
neck are common, but may not always be present. Mental
status changes occur more frequently and include lethargy,
apathy, disorientation, poor concentration, memory defi-
cits, and aphasia. Focal neurological deficits, cranial nerve
dysfunction, gait imbalance, dementia, or hydrocephalus
may also occur (Cummings and Benson 1992). CSF exami-
nation reveals lymphocytic pleocytosis, increased protein,
and hypoglycorrhachia. Cryptococcal antigen in the CSF
is specific for cryptococcal meningitis (Fishman 1992) (Ta-
ble 30–3). Cultures or titers are necessary for diagnosis of
other infections. Fluconazole and other new azole
antifungal agents are safe and effective as first-line thera-
pies without the severe toxicity seen with amphotericin B
(Slavoski and Tunkel 1995).

Spirochete Infections

Syphilis. Syphilis, caused by the spirochete Treponema
pallidum, is spread by sexual contact, and CNS invasion oc-
curs in many patients, although most are asymptomatic
(Scheck and Hook 1994). Syphilis recently is increasing in
frequency, especially in patients with HIV-1 (Hook 1989).
The annual incidence of syphilis of all types was
20/100,000 in the United States in 1990 (Hook and Marra
1992); for neurosyphilis it is estimated to be 2/100,000 (Si-
mon 1985). Primary syphilis presents as a chancre that
heals in several weeks and is followed by a diffuse skin rash
indicative of the bacteremia of secondary syphilis. Menin-
geal neurosyphilis may be seen at this early stage. Tertiary
syphilis occurs 2–50 years after the primary infection and
occurs in various forms, including cardiovascular (aortitis),
meningovascular, paretic, and tabetic. Because of the long
incubation times, neurosyphilis frequently begins between
ages 30 and 60 (Cummings and Benson 1992).

General paresis results from syphilitic invasion into
the brain parenchyma. Before penicillin treatment, general
paresis accounted for up to 20% of all admissions to mental
hospitals (Hook and Marra 1992), but now it is extremely
uncommon. The frontal lobes are classically involved in
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general paresis. Clinical features, many of which suggest
frontal region impairment, include inattention, memory
and cognitive deficits, dementia, tremulous speech,
anomia, impaired judgment, irritability, pseudobulbar
palsy, paralysis, tremor, ataxia, incontinence, optic atro-
phy, and Argyll Robertson pupils. Mania is seen in
20%–40% of patients, depression in 6%, and peculiar de-
portment, grandiose delusions, paranoia, and hallucina-
tions in 3%–6% (Cummings and Benson 1992).

The pathology of syphilis is varied and includes men-
ingitis, stroke, vasculitis, inflammatory infiltrates,
neuronal loss, gliosis, and rarely gumma formation. MRI
shows bilateral frontal and/or temporal lobe atrophy and
subcortical abnormalities (Zifko et al. 1996). Screening for
neurosyphilis should be done with the fluorescent
treponemal antibody absorption (FTA-ABS) test because
other screening tests may be nonreactive in tertiary syphilis
(Simon 1985). False positives can occur with systemic
lupus erythematosus and some infectious conditions
(Hook and Marra 1992). If the FTA-ABS is positive, a lum-
bar puncture is indicated. CSF in neurosyphilis shows
lymphocytic pleocytosis, elevated protein, positive Vene-
real Disease Research Laboratory (VDRL) test, occasional
hypoglycorrhachia, and increased IgG (Table 30–3). Peni-
cillin is the treatment of choice for all forms of syphilis,
with the intravenous route and longer duration of treat-
ments required for patients with neurosyphilis and syphilis
associated with HIV-1 (Hook and Marra 1992). Desensiti-
zation is recommended for those with penicillin allergies
(Centers for Disease Control 1989).

Lyme disease. Lyme disease is caused by the tick-
borne spirochete Borrelia burgdorferi. Age at onset ranges
from 7 to 86 (Halperin et al. 1991). After the tick bite, an
acute localized erythema chronicum migrans (ECM) rash
and a viral-like syndrome occur. Dissemination occurs
within a few weeks to months, with symptoms including a
multifocal ECM rash, acute arthritis, cardiac conduction
block, myocarditis, myositis, hepatitis, or meningor-
adiculoneuritis. Some individuals develop a chronic course
leading to chronic arthritis, radiculoneuritis, encephalo-
myelitis, or encephalopathy.

Early neurological manifestations occur in 10% of pa-
tients and can include bilateral seventh nerve palsies,
oculomotor disturbances, other cranial neuropathies,
radiculopathies, mononeuritis multiplex, myopathy, and
an acute lymphocytic meningitis with headache, photo-
phobia, and meningismus (Finkel and Halperin 1992).
Chronic neurological features typically include memory
loss, anomia, cognitive deficits, and mild dementia. Defi-
cits in executive function, attention, organization, initia-

tion, abstract concept formation, and verbal fluency are
also typical and suggest frontal lobe dysfunction (Fallon
and Nields 1994; Waniek et al. 1995). Behavioral distur-
bances include depression, emotional lability, sleep distur-
bances, anorexia nervosa, fatigue, irritability, psychosis
with paranoia and hallucinations, and violent outbursts
(Fallon and Nields 1994). Rarely, patients develop focal
CNS deficits including paresis, ataxia, seizures, or a severe
dementia with CSF evidence of an encephalitis (Halperin
et al. 1991).

Neuropathological findings include peripheral neuri-
tis, vasculitis, focal demyelination, and, in the late stages,
neuronal loss, gliosis, and signs of brain parenchyma infec-
tion. MRI may reveal multifocal regions of increased signal
in the white matter consistent with demyelination
(Halperin et al. 1991). Diagnosis is made with a positive se-
rology in the setting of appropriate clinical findings. Dem-
onstration of intrathecal antibody production and CSF
PCR for the spirochete may help with diagnosis (Pachner
1995) (Table 30–3). Intravenous antibiotics can prevent or
halt the neurological complications and may lead to signifi-
cant improvement.

Inflammatory Disorders

The inflammatory disorders include the vasculitides, the
collagen vascular diseases, and certain other conditions.
Most of these diseases can present at any age, but some are
particularly prevalent in elderly individuals. Causes of in-
flammatory disorders involving the CNS in the geriatric
age group are listed in Table 30–6. Some of these condi-
tions have already been addressed.

Vasculitides

Giant cell (temporal) arteritis. Giant cell (tem-
poral) arteritis is a systemic vasculitis seen predominantly
in the geriatric population. Nearly all patients are over age
50, and women are affected twice as often as are men. The
incidence is as high as 7/100,000 per year (Boesen and
Sorensen 1987), and it rises dramatically with increasing
age to over 25/100,000 per year over age 80. Systemic
symptoms are rarely absent and include fever, weight loss,
anorexia, and malaise. The classic features of polymyalgia
rheumatica syndrome, including pain and stiffness in the
muscles of the neck, shoulders, and pelvis, are seen in 50%
of those with giant cell arteritis. Headache, jaw
claudication, scalp tenderness, and tenderness and nod-
ularity of the superior temporal artery are common (Berlit
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1992; Chmelewski et al. 1992). The headache is character-
ized by a stabbing or throbbing pain, which is centered over
the temple and radiates over the scalp and face. Scalp ne-
crosis, muscular wasting, and angina occur infrequently.

Except for visual disturbance, CNS involvement is in-
frequent. Blurred vision, amaurosis fugax, and diplopia are
reported, with blindness occurring, usually without warn-
ing, in 8%–23% of cases (Caselli and Hunder 1993). Multi-
ple infarcts, more common in the posterior circulation ter-
ritories, have been reported, but dementia syndromes
unexplained by strokes are also seen (Caselli 1990). Less
frequently, facial neuralgia, vertigo, and neuropathy occur
(Nadeau and Watson 1990). Depression is the most com-
mon psychiatric manifestation.

Pathology shows a patchy giant cell arteritis frequently
involving the branches of the external carotid, ophthalmic,
and vertebral arteries. The large- and medium-sized arter-
ies throughout the body are also involved, but are rarely
symptomatic. Involvement of the intracranial arteries is
uncommon. Multinucleated giant cells with destruction of
the internal elastic lamina are seen. Anemia is common,
and an elevated Westergren sedimentation rate (more than
50 mm/hour and often more than 100 mm/hour) is almost

always found. A superior temporal artery biopsy is positive
in approximately 70% of cases and should be done in all
suspected cases (Nadeau and Watson 1990). Negative bi-
opsies should not dissuade treatment in those with the typi-
cal clinical features. Prednisone, typically in doses of 40–60
mg/day, is an effective treatment and should be initiated
without waiting for biopsy confirmation (Berlit 1992).

Polyarteritis nodosa. Polyarteritis nodosa (PAN)
characterizes a group of acute systemic necrotizing
vasculitides, which includes Churg-Strauss angiitis. Im-
mune complex deposition in PAN causes a relapsing and
remitting vasculitis, which eventually leads to infarction or
hemorrhage in multiple organs. The incidence of poly-
arteritis nodosa is approximately 0.2/100,000 per year,
with males affected twice as often as females. Age at onset
ranges from 6 to 80, with a mean of about 45. Common sys-
temic findings include fever, weight loss, headache, an-
orexia, asthma, dyspnea, proteinuria, hypertension,
arthralgias, skin rash, congestive heart failure, and gastro-
intestinal pain.

Neurological manifestations occur in up to 80% of
cases, mostly resulting from peripheral nervous system in-
volvement, giving rise to mononeuritis multiplex,
polyneuropathy, cranial neuropathy, or myopathy. CNS
involvement is seen in approximately 40% of cases and typ-
ically occurs later in the course with dementia,
encephalopathy, psychosis, seizures, or strokes (Moore and
Calabrese 1994). Specific neuropsychiatric symptoms oc-
cur in approximately 20% of cases and include disorienta-
tion, attentional deficits, memory impairment, cognitive
deterioration, visual hallucinations, mania, paranoia, and
hypoarousal progressing to coma. Hemiparesis, homony-
mous hemianopia, and ataxia occur secondary to the
strokes.

Pathology shows a necrotizing vasculitis of the small
and medium muscular arteries. Elevated sedimentation
rate, anemia, leukocytosis, and thrombocytosis are com-
mon. Angiography reveals aneurysms and arteriopathy.
MRI and CT may reveal evidence of infarction. CSF shows
increased pressure, elevated protein, lymphocytic
pleocytosis, and occasionally subarachnoid bleeding. Di-
agnosis is made clinically and confirmed by tissue biopsy
(muscle, skin, sural nerve, or kidney) and angiography.
Corticosteroids and immunosuppressive agents are the
treatments of choice and often lead to remissions or recov-
ery (Nadeau and Watson 1990).

Isolated angiitis of the central nervous sys-
tem. Isolated angiitis of the CNS, also known as
granulomatous angiitis, is a rare vasculitis of unknown etiol-
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TABLE 30–6. Causes of inflammatory disorders
involving the central nervous
system in elderly patients

Vasculitides
Temporal arteritis
Polyarteritis nodosa
Allergic granulomatosis
Granulomatous angiitis
Wegener’s granulomatosis
Takayasu’s arteritis
Lymphomatoid granulomatosis
Eales’ disease (idiopathic retinal vasculitis)

Collagen vascular diseases
Systemic lupus erythematosus (SLE)
Antiphospholipid antibody syndrome
Behçet’s syndrome
Scleroderma
Rheumatoid arthritis
Sjögren’s syndrome
Dermatomyositis
Cogan’s syndrome
Mixed connective tissue disease

Other
Vogt-Koyanagi-Harada syndrome
Paraneoplastic disorders



ogy and is confined to the CNS. It occurs at any age, with
age at onset ranging from 3 to 96. Lymphoma, sarcoidosis,
and herpes zoster conditions are occasionally associated
with this vasculitis. Fever and weight loss are noted in 25%
of cases. Usually, an initial subacute presentation with se-
vere headache and encephalopathy is followed gradually by
focal deficits, including strokes, and progressing to a vascu-
lar dementia syndrome affecting medium and small vessels
(Vollmer et al. 1993).

Other common manifestations include seizures, apha-
sia, hemiparesis, supranuclear cranial nerve palsies, cere-
bellar signs, and myelopathy. Increased intracranial pres-
sure may occur, leading to papilledema and potentially
coma and brainstem herniation. Behavioral changes and
psychosis are commonly seen.

A segmental vasculitis with fibrinoid necrosis and gi-
ant cells is found in the medium and small arteries, capillar-
ies, and veins of the CNS. The sedimentation rate is in-
creased in 60% of the patients but only to a mean of about
35 mm/hour. CT or MRI may be normal or reveal focal,
occasionally enhancing, lesions, hemorrhage, or edema,
which are found most commonly in the temporal and fron-
tal cortical regions (Vollmer et al. 1993). Angiography may
show vasculopathy, but usually does not. CSF findings are
nonspecific (Table 30–3). Diagnosis is made clinically and
confirmed by brain biopsy. Treatment with prednisone and
cyclophosphamide is often ineffective, and there is an 87%
mortality rate, with deaths occurring a mean of 6 months
after onset of symptoms (Younger et al. 1988).

Wegener’s granulomatosis. Wegener’s granulo-
matosis is a granulomatosis systemic necrotizing vasculitis
that always affects the respiratory tract and often the kid-
neys. Typical systemic clinical manifestations include fe-
ver, weight loss, sinusitis, otitis media, saddle-nose defor-
mity, cough, hemoptysis, pleuritis, glomerulonephritis,
visual symptoms, ulcerative or papular skin lesions,
arthralgias, myalgias, and pericarditis (Duna et al. 1995).

Neurological involvement consists mostly of cranial
and peripheral neuropathies, including mononeuritis mul-
tiplex. The brain can be affected by infarction, hemor-
rhage, diffuse periventricular white matter lesions, menin-
geal inflammation, or granulomatous mass lesions causing
seizures, focal deficits, and encephalopathy (Duna et al.
1995). Contiguous extension of granulomatous inflamma-
tion from the paranasal sinuses to the brain and often the
frontal lobes is typical (Geiger et al. 1992).

Vasculitis, necrosis, and granulomas are seen patho-
logically on biopsy. Diagnosis is made by cytoplasmic
antineutrophil cytoplasmic antibodies (c-ANCA) with a
sensitivity and specificity of about 90% (Duna et al. 1995).

Angiography is not helpful, neuroimaging is useful but
nonspecific, and CSF can rule out infection. Cortico-
steroids and cytotoxic agents are needed for successful
treatment.

Lymphomatoid granulomatosis. Lymphoma-
toid granulomatosis, a rare condition typically affecting
the lungs, skin, and nervous system, is characterized by a
perivascular mature T-cell lymphocytic infiltrate sugges-
tive of a lymphomatous condition. In 60% of cases, a malig-
nant lymphoma develops (Bushunow et al. 1996). Com-
mon manifestations include fever, weight loss, cough, chest
pain, skin ulcers and papules, and peripheral neuropathies.

CNS dysfunction occurs in 20%–40% of cases and in-
cludes a broad spectrum of deficits such as monocular
blindness, internuclear ophthalmoplegia, dysphagia,
dysarthria, spasticity, paraparesis, hemiparesis, ataxia,
aphasia, encephalopathy, and dementia. Behavioral symp-
toms reported include personality change, irritability,
disinhibition, impulsivity, distractibility, and mood distur-
bance (Bushunow et al. 1996; Kleinschmidt-DeMasters et
al. 1992).

CSF shows pleocytosis with atypical cells (Bushunow
et al. 1996) (Table 30–3). Angiography can show a vasculitic
pattern, and neuroimaging can show mass lesions, en-
hancement, or white matter changes. Treatment with
prednisone and cyclophosphamide is usually necessary to
maintain prolonged remissions. Adjunctive radiotherapy
or chemotherapy can also be effective.

Behçet’s syndrome. Behçet’s syndrome is an in-
flammatory disorder of uncertain etiology characterized
by recurrent oral and genital ulcers, uveitis, thrombo-
phlebitis, and arthritis (Moore and Calabrese 1994). Fever
and gastrointestinal complaints are also common. Preva-
lence is uncertain, with reports ranging from 4 to 100 per
100,000. Cases have been reported from ages 6 to 72.

Up to 40% of cases have neurological symptoms. A re-
lapsing focal meningoencephalitis affecting the brainstem,
with headache, cranial neuropathies, dysarthria, long tract
signs, and bulbar and pseudobulbar palsies, is the most
common neurological manifestation. A dementia syn-
drome with memory deficits, aphasia, and cognitive im-
pairment can occur. Seizures, increased intracranial pres-
sure, and peripheral neuropathy have also been reported
(Serdaroglu et al. 1989). Personality changes, disin-
hibition, emotional disturbances, apathy, and akinetic
mutism are frequently described behaviors (Yamamori et
al. 1994).

A chronic small vessel vasculitis is seen pathologically,
often involving the brainstem, spinal cord, globus pallidus,
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hypothalamus, cerebral white matter, retina, and skin
(Totsuka et al. 1985; Yamamori et al. 1994). Meningeal in-
flammation is also common. MRI sometimes reveals ve-
nous thrombosis and frequently shows deep subcortical
and brainstem abnormalities (Al Kawi et al. 1991).
Angiography is usually normal, and CSF examination
shows a nonspecific lymphocytic pleocytosis with elevated
protein (McLean et al. 1995) (Table 30–3). Diagnosis is
based on clinical features. Treatment for CNS disease in-
cludes high-dose steroids and immunosuppressive agents.

Collagen Vascular Diseases

Systemic lupus erythematosus. Systemic lupus
erythematosus (SLE) is a multisystem immunological dis-
order of uncertain etiology. The incidence of SLE is about
5/100,000 per year, and the prevalence is about 45/100,000
(Nadeau and Watson 1990). Women are much more often
affected. Although SLE is a disease primarily of young to
middle-aged adults, it can occur in the very old. Systemic
manifestations may include fever, anorexia, rash,
lymphadenopathy, arthralgias, pericarditis, valvular dis-
ease, pleuritis, Raynaud’s phenomenon, alopecia, renal in-
sufficiency, nephrotic syndrome, and hypertension
(Nadeau and Watson 1990).

SLE has the highest incidence of neuropsychiatric and
focal CNS manifestations of any of the collagen vascular
disorders. CNS dysfunction may occur from primary in-
volvement of the brain or secondarily from complications
of the disease including infection, embolism from
endocarditis, steroid treatment toxicity, and severe hyper-
tension.

Neuropsychiatric manifestations are seen in
40%–75% of cases and often occur early in the disease
course. More than 60% of cases develop memory and cog-
nitive deficits (Carbotte et al. 1986), whereas 35%–60%
have symptoms of impaired attention, an acute confusional
state or delirium, psychosis with hallucinations and delu-
sions, depression, hypomania, mania, phobias, or anxiety
(West 1994). Neuropsychological testing shows deficits in
information processing, cognitive flexibility, working
memory, attention, and verbal fluency (Denburg et al.
1993). Focal CNS involvement, including seizures,
strokes, supranuclear cranial nerve deficits, chorea, ataxia,
parkinsonism, transverse myelitis, and focal paresis, is
present in 10%–35% of cases (West 1994).

Occasionally associated with SLE is the antiphos-
pholipid antibody syndrome consisting of the presence of
antiphospholipid antibodies (particularly lupus anticoagu-
lant and anticardiolipin antibodies), venous or arterial

thrombotic strokes or ischemia, recurrent abortions, and
thrombocytopenia (Brey et al. 1993; Lockshin 1992;
Rosove and Brewer 1992). Myelopathy, deep vein throm-
bosis, Guillain-Barré syndrome, migraine, chorea, and sei-
zures have also been associated with this syndrome (Levine
and Welch 1987). Antiphospholipid antibodies are present
in up to 50% of patients with SLE.

The main pathological feature of SLE is a small vessel
vasculopathy with fibrinoid degeneration and endothelial
proliferation of the small vessels, resulting in microinfarcts
and microhemorrhages. Less commonly, a true vasculitis is
seen. Angiography usually is unable to identify the
microangiopathy of SLE. MRI is useful in localizing
strokes, but is often normal even in those with neuropsy-
chiatric symptoms and CNS involvement (neuropsychiat-
ric lupus) (West et al. 1995). Nearly all individuals with
neuropsychiatric lupus have abnormal CSF findings, in-
cluding IgG index, oligoclonal bands, and/or CSF
antineuronal antibodies, which may improve with re-
sponse to therapy (West et al. 1995) (Table 30–3). An auto-
immune process with these antineuronal antibodies may be
an important cause of neuropsychiatric lupus and CNS in-
volvement. Serum antiribosomal P protein antibodies are
often seen in patients with neuropsychiatric lupus with
psychosis and depression (Teh and Isenberg 1994). Diag-
nosis of SLE is based on clinical features, a positive
antinuclear antibody test, and other specific antibody tests
(Tan et al. 1982). Treatments include nonsteroidal
anti-inflammatory agents, steroids, and immunosuppres-
sive agents. Oral anticoagulants are advisable to prevent
the recurrent thrombotic events seen with antiphos-
pholipid antibodies (Khamashta et al. 1995). Neuroleptics
are used for psychosis; anticonvulsants, for seizures.

Sjögren’s syndrome. Sjögren’s syndrome, seen
mostly in women, is a systemic autoimmune disorder char-
acterized by symptoms of dry eyes and dry mouth and may
involve the lung, liver, kidney, heart, blood vessels, skin,
muscles, joints, peripheral nerves, spinal cord, and brain.
CNS manifestations, reported in up to 25% in some cen-
ters (Alexander 1993) and rarely observed in others
(Moutsopoulos et al. 1993), include migraine, focal neuro-
logical deficits, intracerebral hemorrhage, subarachnoid
hemorrhage, seizures, myelitis, aseptic meningitis, demen-
tia, and psychiatric symptoms (Alexander 1993). The de-
mentia syndrome has subcortical features, and the psychi-
atric symptoms include mood disturbances, depression,
and obsessive-compulsive traits (Alexander 1993;
Moutsopoulos et al. 1993).

Lymphocytic infiltration of the exocrine glands causes
dry eyes and dry mouth. In the CNS, Sjögren’s causes a
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vasculopathy of the small vessels, and so angiography
shows a vasculitis in only 20% of cases (Alexander 1993).
Laboratory evaluations are frequently positive for
antinuclear antibodies and occasionally for anti-SS-A (Ro)
(seen with more serious CNS disease) and anti-SS-B (La)
antibodies. CSF often is abnormal but nonspecific (Table
30–3). Biopsy of a minor salivary gland is diagnostic. MRI
shows subcortical and periventricular white matter lesions
in 80%. SPECT, however, can show cortical hypo-
perfusion in patients with neuropsychiatric dysfunction
without cortical MRI lesions (Alexander 1993). Cortico-
steroids and rarely other immunosuppressive agents are
used for treatment.

Summary

Most acquired brain disorders occur in the geriatric popu-
lation. Some conditions have their onset in late life,
whereas other conditions have chronic courses and persist
into advanced age. Diagnosis and treatment of these disor-
ders in the elderly patient is influenced by the frequent
co-occurrence of other chronic medical conditions, multi-
ple medication regimens, and the normal physiological
changes that accompany aging.

Neoplastic disorders involving the CNS occur fre-
quently in elderly individuals, and they present as primary
tumors, metastatic tumors, or paraneoplastic syndromes.
MS often begins in early adulthood, but many patients sur-
vive well past 70. Neuropsychiatric features of MS include
depression, psychosis, and mania. Toxic and metabolic
causes of demyelination may begin in elderly patients. Both
common and rare infectious disorders affecting the CNS
have characteristic presentations in the elderly population,
and most are treatable. Giant cell arteritis occurs almost ex-
clusively in patients over age 50. Finally, SLE is a common
disorder with frequent late survival and significant CNS
manifestations.
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31
Medical Therapies

Karen Blank, M.D.

James D. Duffy, M.D., Ch.B.

Physicians caring for older patients aim to
follow the Hippocratic promise to “First

do no harm.” However, although medications are vital
for the treatment of disease, the balance between benefits
and risks of their use in elderly patients becomes precari-
ous. In particular, the adverse behavioral effects of pre-
scription medications can be devastating. Unfortunately,
when physicians fail to recognize the drug-related etiol-
ogy of these behavioral changes and prescribe psycho-
tropic medications, they precipitate a pattern of escalat-
ing use of medications, increased side effects, and drug
interactions.

Although the elderly (defined as those over age 65)
represent 12% of the population in the United States, they
are the largest group of users of pharmaceuticals, account-
ing for 34% of all pharmaceutical expenditures, almost
three times that of the general population (Mueller et al.
1997). Multiple medication use is prevalent in elderly pa-
tients because they often have multiple chronic illnesses.
Thirty-six percent of the elderly have three or more
chronic conditions and account for 57% of drug expendi-
tures for this group (Mueller et al. 1997). Among commu-
nity-dwelling elderly, 83% consume at least one medica-

tion (Ostrom et al. 1985), with the average being 3.1
prescription drugs (Ouslander 1981; Rogowski et al. 1997).
Medication usage rises drastically each time an elderly pa-
tient is hospitalized, with the typical elderly patient receiv-
ing 8–15 medications (Piraino 1995). Multiple medication
use increases both the risk of adverse drug events and non-
compliance (Graves et al. 1997). The elderly are two to
three times more likely to experience adverse reactions
compared with younger patients (Vestal and Cusack 1990).
Rates of adverse drug reactions vary widely and have risen
in recent surveys—perhaps as a reflection of adverse drug
reaction monitoring mandated by the Joint Commission of
the Accreditation of Healthcare Organizations. Hospital-
izations attributable to adverse drug reactions have been
estimated to account for 1.7%–16.8% of medical hospital-
izations and 0.6%–7.5% of psychiatric admissions (Popli et
al. 1997; Salzman 1995).

When considering drug use in the elderly population,
it is important to remember that elderly patients frequently
self-medicate with nonprescription drugs, buying 40% of
all over-the-counter (OTC) drugs (Mueller et al. 1997;
Piraino 1995). These drugs include nonsteroidal anti-
inflammatory drugs (NSAIDs), antihistamines, analgesics,
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H2 blockers, and psychostimulants including caffeine or
phenylpropanolamine. In addition, only sometimes with
their physicians’ recommendation, older patients consume
alternative medications including melatonin, ginseng,
Chinese herbal preparations, and vitamins in excess of rec-
ommended daily allowances. Many OTC and alternative
agents have significant behavioral side effects, can cause
drug interactions, or contain contaminants known to cause
neuropsychiatric syndromes. A complete OTC and alter-
native therapies usage history must be obtained to antici-
pate and diagnose neurobehavioral changes (see discussion
below) (Ernst 1998).

Although some drug reactions are idiosyncratic and
unexpected, most can be appreciated as resulting from
high-risk prescribing. A Canadian study (Tamblyn et al.
1994) found that 52.6% of the elderly patients in their sam-
ple received “high risk” prescriptions. McLeod and col-
leagues (1997) outline inappropriate or risk-laden prac-
tices as the prescription of medications that 1) are
contraindicated for elderly people because of unacceptable
risk/benefit ratios, 2) can cause drug-drug interactions, or
3) can cause drug-illness interactions. (Significant
drug-drug interactions are shown in Appendix 31–1.) Con-
siderable overlap exists between the drugs most frequently
used by elderly patients and those known to cause
neurobehavioral side effects. The most prevalent condi-
tions among the elderly in the 1987 National Medical Ex-
penditure Survey (Mueller et al. 1997) were arthritis and
hypertension. Among elderly diabetics, 34% of drug ex-
penditures were for cardiovascular and renal drugs, 21%
for hormonal drugs, and 12% for pain relievers (Mueller et
al. 1997). The Boston Collaborative Drug Surveillance
Program (1971), which examined 90,000 drug exposures
occurring during 10,600 hospital admissions, found the
following drugs to be most frequently associated with be-
havioral side effects: prednisone, isoniazid, methyldopa,
insulin, diazepam, furosemide, phenobarbital, chlordiaze-
poxide, and aminophylline. Hanlon and colleagues (1997)
found that among ambulatory patients taking five sched-
uled medications per day, 35% had an adverse drug reac-
tion over a 1-year period—many requiring emergency
room and in-hospital care. Twenty-nine percent of these
were central nervous system (CNS) reactions, with cardio-
vascular medications (33.3%) and CNS medications
(17.8%) the most common offending agents. Table 31–1
lists some patient risk factors for interactions.

In this chapter, we review the pharmacodynamic and
pharmacokinetic alterations in normal aging, their interac-
tions with pathological processes, and the implications of
polypharmacy. We also review the neuropsychiatric effects
of prescribed and OTC medications in elderly patients and

summarize how these medical therapeutic agents can in-
terfere with a wide range of neurobehavioral functions in-
cluding cognition, mood, arousal, sleep, ambulation, and
sexual function.

Special Considerations in
Geriatric Medical Therapy

Elderly patients are particularly susceptible to the neuro-
psychiatric complications of medical therapies because of
age-related changes in CNS vulnerability, as well as
changes in the body’s ability to absorb, distribute, metabo-
lize, and excrete drugs. Aging also increases the likelihood
of multiple intercurrent illnesses and consequent drug in-
teractions. In addition, aging may be associated with
changes in drug-taking behaviors. The failure to recognize
drug misuse and abuse in the elderly population can con-
tribute to the development of neuropsychiatric complica-
tions of medical therapy. Rational medical treatment de-
pends on an understanding of the interrelationships
between these factors. Catterson et al. (1997) suggest con-
ceptualizing these interactions as the “magnitude of effect”
(the clinical response, both desired and untoward). Magni-
tude of effect is the product of the pharmacodynamics (the
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TABLE 31–1. Patient risk factors for drug
interactions

Multiple chronic conditions
Multiple medications
Female gender
Previous adverse drug reaction
Very young or old age
Obesity
Dehydration
Hypoproteinemia
Hypotension
Postresuscitation
Congestive heart failure
Liver dysfunction
Slow acetylators phenotype
Renal dysfunction
Hypothyroidism
Hypothermia

Source. Adapted with permission from Mills KC: “Essential Emer-
gency Medicine Pharmacokinetics: Prevention of Iatrogenic Patient
Poisoning.” Topics in Emergency Medicine 15:18–29, 1993; Anastasio
GD, Cornell KO, Menscer D: “Drug Interactions: Keeping It
Straight (review).” American Family Physician 56:883–894, 1997.



action of the drug at the targets), the pharmacokinetics (the
manner in which the drug is handled by the body and dis-
tributed to its target sites), and the biological variance (the
individual biology of the patient and nature of the disease
process). The following provides a brief review of some of
the pertinent factors involved in the expected and unde-
sired magnitude of effect of drug therapies in aging
patients.

Pharmacodynamic Alterations in
Normal Aging and in Common Diseases

The normal aging process is associated with predictable
physiological alterations that influence the elderly person’s
response to medications. Although substantial inter-
individual and intraindividual variability in the extent and
type of changes is associated with the aging process, certain
characteristic neurochemical and neurophysiological
changes have been well documented.

Age-related alterations in the major neurotransmitter
systems contribute to the increased pharmacodynamic
sensitivity of the elderly. Although some of the data remain
contradictory, these predictable age-related changes in-
clude alterations in neuronal cell numbers and neurotrans-
mitter production and breakdown, selective changes in the
number of presynaptic and postsynaptic receptors with
age, and alterations in the receptor binding site–second
messenger system (Sunderland 1992). Functionally, these
changes result in both reduced transmission of neuronal
messages in the aging brain and reduced ability for the re-
ceptor to upregulate or downregulate in response to drugs.
These CNS changes are believed to be responsible for
many of the neuropsychiatric syndromes that occur in old
age (Sunderland 1992) as well as the more prevalent toxic
neuropsychiatric reactions secondary to medical treat-
ments. The age-related pharmacodynamic changes in the
major neurotransmitters are reviewed below and are sum-
marized in Table 31–2 (Catterson et al. 1997).

Cholinergic system. Normal aging involves loss
and shrinking of the cholinergic neurons in the basal
forebrain (Mesulam et al. 1987) with resulting decreases of
cholinergic innervation throughout the brain and reduced
amount of the acetylcholine-synthesizing enzyme choline
acetyltransferase (CAT) (Catterson et al. 1997). The
cholinergic cell loss and decreases in CAT activity are
thought to be responsible for some of the memory decline
in normal aging. Because acetylcholine plays a vital role in
memory storage and retrieval, drugs with anticholinergic
properties cause further disruption of acetylcholine trans-
mission, resulting in mild to severe cognitive impairment.

Dementia of the Alzheimer type is characterized by a
dramatic degradation of cholinergic systems, with pro-
nounced cholinergic cell loss and decreased CAT activity
in the cerebral cortex, pyramidal cells of the hippocampus,
and nucleus basalis of Meynert (Catterson et al. 1997;
Sunderland 1992). Anticholinergic drugs commonly have
a deleterious effect on the already compromised memory
of these patients, frequently causing delirium with rela-
tively low doses. In addition to changes in the cholinergic
system, persons with dementia of the Alzheimer type ex-
hibit alterations in adrenergic and serotonergic systems.
The impact of these changes on drug response remains to
be determined.

Patients with Parkinson’s disease also demonstrate an
increased sensitivity to anticholinergic agents. One study
found the development of an acute confusional state in
93% of patients with Parkinson’s disease who were taking
anticholinergic medications (De Smet et al. 1982).

Dopaminergic system. In normal aging, reduced
dopamine synthesis and transmission can result from de-
clines in the activity of the enzymes tyrosine hydroxylase
and dopa decarboxylase (Jeste and Wyatt 1987; Sunderland
1992). In addition, the number of dopamine neurons in the
nigrostriatal tract decreases with age. The most frequent
manifestation of this reduction in dopamine activity is the
occurrence of movement and gait disorders and in the
older patient’s (often exquisite) sensitivity to neuro-
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TABLE 31–2. Neurotransmitter
pharmacodynamic changes
with aging

Dopaminergic system
↓Dopamine D2 receptors in the striatum

Cholinergic system
↓Choline acetyltransferase
↓Cholinergic cell numbers

Adrenergic system
↓cAMP production in response to β agonists
↓β-Adrenoceptor numbers
↓β-Receptor affinity
↓α2-adrenoceptor responsiveness

Gabaminergic system
↓Psychomotor performance in response to

benzodiazepines
?↑Postsynaptic receptor response to γ = aminobutyric acid

Source. Reprinted from Catterson ML, Preskorn SH, Martin RL:
“Pharmacodynamic and Pharmacokinetic Considerations in Geriatric
Psychopharmacology.” Geriatric Psychiatry 20:215–218, 1997.



leptic-induced extrapyramidal symptoms. Significant
changes also develop in the ratio of the subtypes of dopa-
mine receptors with a progressive loss of D2 receptors
(Catterson et al. 1997; Sunderland 1992). These receptor
changes may help explain the increased incidence of
drug-induced extrapyramidal syndromes (Catterson et al.
1997) and the susceptibility of older persons to chronic ef-
fects of dopamine blockers and resultant high rates of
tardive dyskinesia (Sunderland 1992). In this regard, is im-
portant to appreciate the dopamine blocking action of
nonpsychotropic medications such as metoclopramide,
which frequently produce extrapyramidal side effects in el-
derly patients.

The profound dopamine depletion (and subsequent
neuroleptic supersensitivity) associated with Parkinson’s
disease often poses a therapeutic dilemma because these
patients frequently develop delusional disorders and/or
hallucinations as a consequence of dopamine agonist treat-
ment (Cummings 1991). The selective dopamine subtype 4
(D4), receptor blocking agents clozapine and olanzapine
provide viable therapeutic options in such situations
(Rabey et al. 1995; Rosenthal et al. 1992; Wolters et al.
1996; Young et al. 1997). Patients with Alzheimer’s disease
also experience reduction in dopaminergic function, which
accounts for their increased susceptibility to the extra-
pyramidal effects of neuroleptics prescribed for control of
their agitated behavior (Cross et al. 1984).

Serotonin system. Research has yielded contradic-
tory results regarding age-related alterations in
5-hydroxytryptamine (5-HT, serotonin) CNS characteris-
tics. However, most evidence indicates decreased function
and sensitivity of the 5-HT1 and frontal cortex 5-HT2 re-
ceptors with aging (Sunderland 1992). A decrease in both
serotonin production (Shih and Young 1978) and serotonin
receptor number and sensitivity (Lawlor et al. 1989) has
been linked to the alterations in appetite and sleep seen in
elderly patients and may explain their apparently reduced
response to serotonergic drugs (Sunderland 1992).

Adrenergic system. Studies of the noradrenergic
system reveal, as yet unexplained, age-related reductions in
responses mediated by β-adrenergic and α2-adrenergic re-
ceptors. Drugs such as propranolol (β-adrenergic blocker)
and clonidine (α2-adrenergic agonist) may be therefore less
effective in older patients (Catterson et al. 1997).

Gabaminergic system. Within the CNS, γ-amino-
butyric acid (GABA) functions as an inhibitory neurotrans-
mitter and therefore plays a major role in modulating
neuronal transmission. Reduced GABA neurotrans-

mission is thought to be important in Huntington’s dis-
ease, Parkinson’s disease, and some forms of epilepsy, but
the changes with normal aging are less understood
(Sunderland 1992). Research suggests a role for the benzo-
diazepine-GABA receptor complex in the etiology of anxi-
ety. Increased density and sensitivity of the benzodiazepine
binding sites with age may explain the heightened sensitiv-
ity of the aging CNS to benzodiazepine sedating effects
and to their deleterious effects on psychomotor perfor-
mance (Catterson et al. 1997; Sunderland 1992).

Additional physiological changes of pharma-
codynamic significance. In addition to alter-
ations in the specific neurotransmitters described above,
other age-related physiological changes can have signifi-
cant implications for drug effects. These changes render
the older person more susceptible to the adverse side ef-
fects of many medications and involve neurodegenerative
changes in the autonomic nervous system that predispose
to orthostatic hypotension and thermal dysregulation
(Brocklehurst 1974; Caird et al. 1987; Nemeroff 1989).

Although these age-related physiological and patho-
logical changes make the elderly more sensitive to the CNS
effects of medical therapies, older patients may actually be
less sensitive to the peripheral effects of some drugs (e.g.,
the chronotropic effects of isoproterenol, β-adrenergic
blockage by propranolol, PR prolongation by verapamil
and diltiazem, and the hypoglycemic effect of tolbutamide
[Vestal and Cusack 1990]). The clinician must carefully
balance these altered central and peripheral pharmaco-
dynamics when prescribing for elderly patients.

Pharmacokinetics

Aging causes several changes that alter drug pharmaco-
kinetics, the manner in which the drug is handled by the
body and distributed to its target sites of action. The ex-
pected processes of normal aging, as well as an increased in-
cidence of comorbid disease states, result in physiological
and environmental changes that alter the absorption, dis-
tribution and transport, metabolism, and excretion of
drugs.

Absorption. In theory, age-related changes of the
gastrointestinal track would be expected to result in im-
pairments of absorption of orally ingested drugs. These
changes include reductions in stomach acid and mesenteric
blood flow, decreases in the number of absorptive cells, de-
crease in the size of the absorbing surface, and impaired
transport across the intestinal epithelial membrane. How-
ever, there appears to be little clinical impact of these
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changes in healthy older persons (Abernethy 1992;
Greenblatt 1993). Thus, in normal aging, the rate of ab-
sorption (generally described as the time required for the
drug to reach maximum plasma concentration [Tmax]) is not
significantly altered for most medications. Exception to
this, however, are the absorption characteristics of
levodopa and clorazepate. The increased gastric pH can
contribute to decreased steady-state concentrations of
clorazepate, and decreased dopa decarboxylase activity in
the gastric mucosa can cause a threefold increase in the
bioavailability of levodopa in elderly patients (Wood and
Castleden 1991). When certain pathological processes and
medications are present, however, the age-related changes
become significant. Antacids can cause considerable decre-
ments in the absorption of medications, and drugs and
anticholinergics can impair intestinal motility and impair
absorption. When these interactions lead to treatment fail-
ure, drug dosage escalation and toxicity can result.

Distribution. The physicochemical properties of a
drug substantially influence how it is distributed.
Lipophilicity greatly influences how rapidly a given drug
will reach targets in the brain and how extensively it will
distribute through the body (Greenblatt 1993). Increases
in the volume of distribution of lipophilic drugs result in
part from the general increase in total body fat (with de-
creased lean muscle mass) with aging. At age 25, the total
body fat of the average 70-kg person is approximately 20%.
By age 70, it is 30% or even higher in sedentary persons
(Piraino 1995). Conversely, total body water content de-
clines with age, from 60% to 54% in men and from 52% to
46% in women. The decline in body water tends to be exac-
erbated by a diminished sense of thirst and reduced fluid in-
take (Piraino 1995). As a result, hydrophilic medications,
such as digoxin and lithium, will have smaller volumes of
distribution and higher serum levels.

The most important clinical implication of these
age-related changes stems from the relationship of volume
of distribution (Vd) to clearance. Lipid-soluble drugs with
high volumes of distribution accumulate more extensively
in the elderly, and the time required for elimination of the
drug is prolonged, often substantially. Another clinical ef-
fect of this change in Vd is that a single dose of medication
may have diminished effect because of lowered presence in
the plasma as a result of dilution into peripheral tissues. In
chronic drug therapy, this effect is of little clinical impor-
tance (Abernethy 1992).

Another drug characteristic that strongly affects its
volume of distribution is the extent to which it binds to
plasma proteins. Albumin, the most important binding
protein, typically decreases with age, particularly in the

face of poor nutrition or renal failure. Even small reduc-
tions in albumin significantly increase the free fraction of
drugs that normally would be extensively protein bound
(Piraino 1995). The result will be higher concentrations of
free, unbound drug to diffuse to CNS receptors. Elderly
patients receiving several highly protein-bound medica-
tions will have increased drug-free fractions resulting from
competition for limited binding sites. Changes in albumin
and α1 acid glycoprotein with aging will, in addition, make
the interpretation of total plasma drug concentration as-
says more complicated (Greenblatt 1993).

Metabolism and excretion. After absorption, the
first-pass extraction by the liver (or presystemic extraction)
often substantially reduces the amount of drug that reaches
the systemic circulation. Aging results in decreased liver
size, decreased blood flow, generally decreased activity of
the hepatic microsomal enzymes, at least those involved in
phase I metabolism (Catterson et al. 1997), and increased
prevalence of slow acetylator status. For drugs typically
highly metabolized by first-pass effects, less drug is re-
moved from the splanchnic circulation, resulting in in-
creased bioavailability in the systemic circulation. Low
flow conditions and congestive heart failure can further di-
minish this first-pass effect.

Once a drug reaches the systemic circulation in an el-
derly patient, it tends to be cleared more slowly than that in
a younger patient. Phase I enzymatic reactions (oxidation,
reduction, and hydrolysis of drugs) are affected by aging far
more than are the conjugation of drugs and metabolites
(phase II enzymatic reactions). Drugs requiring oxidation
for biotransformation will have a greatly prolonged
half-life in elderly patients (Erwin 1993). Because the elim-
ination half-life is dependent on clearance and volume of
distribution, those drugs with an increased volume of dis-
tribution and a decreased hepatic clearance (e.g., diaze-
pam) will have a significantly prolonged half-life in elderly
patients. Because lorazepam and oxazepam are metabo-
lized by phase II reactions, they are the most appropriate
benzodiazepines for older patients.

Important drug interactions occur through induction
or inhibition of hepatic enzymes. Advances have been
made in understanding the family of hepatic microsomal
drug-metabolizing enzymes known as cytochromes. Two
cytochrome P450 systems, the P450 IID6 and P450 IIIA4,
appear to be responsible for the biotransformation of more
than 90% of the drugs used in clinical practice that undergo
hepatic metabolism. These systems have come under
particular scrutiny since the introduction of the selective
serotonin reuptake inhibitor (SSRI) medications and the
observation that coadministration of fluoxetine with a con-
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siderable number of other medications caused significant
elevations of the plasma levels and the effects of the lat-
ter drugs (Anastasio et al. 1997; Greenblatt 1993) (Ta-
ble 31–3).

Regarding excretion, although there is significant in-
dividual variation in renal function in elderly individuals,
renal functioning begins a linear decline at age 40, and, by
age 60, the decline becomes exponential (Catterson et al.
1997). Renal blood flow and glomerular filtration decrease
as a function of age. On average, in those over age 65, renal
clearance is reduced approximately 35% compared with
that of the young. The function of the aging kidney is fur-
ther diminished by congestive heart failure, diabetes, hy-
pertension, and the concomitant use of sodium-depleting
diuretics, nonsteroidal antiinflammatory medications and
β-blockers. Thus, plasma clearance of water-soluble drugs
and metabolites is often substantially compromised in el-
derly patients.

Compliance Concerns

In general, little evidence suggests that older patients, as a
group, are less compliant than other patients. However, be-
cause the risks of noncompliance are more serious, greater
emphasis on strict compliance is required to properly treat

these patients (Lamy et al. 1992). Also, the causes of non-
compliance may be different from those in younger age
groups. Reasons for noncompliance in the elderly include
1) greater medication use and multiple simultaneous medi-
cation use; 2) unintentional noncompliance because of for-
getting or not understanding the dosage schedule or rea-
sons for medication; 3) intentional noncompliance because
of cost or side effects; and 4) higher rates of adverse drug re-
actions (Salzman 1995).

The likelihood of noncompliance rises with the num-
ber of prescribed drugs and the disability of the patient
(Ostrom et al. 1985). Noncompliance has been found to in-
crease dramatically among the elderly when four or more
medications are prescribed and/or when dosing more than
twice a day is required (Salzman 1995). Bergman and
Wilholm (1981) showed that in patients over age 65 the
rate of noncompliance doubles when more than three
drugs are prescribed (32% versus 69%). Cost appears to ac-
count for noncompliance in 10% of elderly patients, with
higher noncompliance rates occurring when monthly
medication costs exceed $90 (Salzman 1995). Patients with
cognitive impairment require extra monitoring (Kennedy
1992). Those elderly patients who use several physicians
and who may provide inconsistent medication histories
(Jackson et al. 1989) are at risk for increased adverse events.
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TABLE 31–3. Examples of drugsa that might interact with an antidepressant

CYP 1A2 CYP 2C19 2C9 CYP 2D6b CYP 3A3/4
Acetaminophen
Clozapine
Haloperidol
Phenacetin
Phenothiazines
R-Warfarin (minor)
Tacrine
Tertiary TCAs
Theophylline
Thiothixene

Barbiturates
Citalopram
Diazepam
Mephenytoin
Moclobemide
Propranolol
Tertiary TCAs

Diclofenac
Ibuprofen
Naproxen
Omeprazole
Phenytoin
Piroxicam
S-Warfarin
Tolbutamide

Chlorpheniramine
Codeine
Desipramine, secondary

TCAs
Dextromethorphan
Flecainide/encainide
Haloperidol
Hydrocodone
Phenothiazines
Propranolol, timolol,

metoprolol
Reduced haloperidol
Risperidone
Quinidine

Benzodiazepines, alprazolam,
clonazepam, diazepam,
triazolam

Cisapride
Corticosteroids
Cyclosporine
Dapsone
Estrogens
Ketoconazole, itraconazole
Lovastatin
Macrolide antibiotics
Nonsedating antihistaminesc

Paclitaxel
Quinidine
Tamoxifen
Zolpidem

Note. CYP = cytochrome P450; TCA = tricyclic antidepressant.
aDrug can be substrate and/or inhibitor of a given enzyme system.
bInhibitor at 2D6, not a substrate.
cTerfenadine and astemizole contraindicated with CYP3A inhibitors; loratadine not contraindicated.
Source. Reprinted with permission from The 1996 Black Book of Psychotropic Dosing and Monitoring.



A benefit that may result from technological advances in
health care delivery may be that physicians will have ready ac-
cess to computerized databases and pharmacy records and
with them be better able to orchestrate the patient’s care.

Underrecognition of
Drug Abuse and Misuse

Substance misuse and abuse in elderly patients can lead to a
variety of neuropsychiatric complications of medical ther-
apy (Gambert 1992; Lawson 1989). Alcohol, prescription
sedatives and analgesics, OTC medications, and caffeine
are the most frequent substances of abuse. Significant
symptomatology can result from both their use and also
from abrupt withdrawal (Graves et al. 1997). One study
found that the presence of benzodiazepines in the admis-
sion urine of cognitively intact elderly patients accounted
for 29% of the cases of delirium that occurred in hospital
(Foy et al. 1995). Many patients will conceal their OTC
drug use or may not consider them as drugs. Only one-sixth
of patients will inform their physicians of their OTC use,
and those with cognitive impairment are particularly vul-
nerable to OTC misuse (Atkinson et al. 1992).

The anticholinergic effects of diphenhydramine and
other antihistamines found in most OTC sleep and cold
remedies can cause significant cognitive effects, delirium,
and psychosis in elderly patients, even in therapeutic doses.
There is also an age-associated increased sensitivity to caf-
feine and other stimulants such as phenylpropanolamine,
ephedrine, and pseudoephedrine found in OTC allergy
and cold preparations. Elderly patients can also be at in-
creased risk from the neuropsychiatric effects of NSAIDs
in OTC preparations. These effects include aseptic menin-
gitis, psychosis, and cognitive dysfunction (Hoppmann et
al. 1991). (The neuropsychiatric aspects of drug abuse and
misuse in the elderly population are discussed further in
Chapter 16 in this volume.)

Drug-Induced
Neuropsychiatric Syndromes

Appendix 31–2 summarizes the drugs associated with spe-
cific neuropsychiatric syndromes in elderly patients. These
are further discussed below.

Delirium and Cognitive Impairment

Delirium occurs at rates ranging from 14% to 56% of el-
derly hospitalized patients, with associated hospital mor-
tality rates of 10%–65%. Delirium results in longer, cost-

lier hospitalizations and increased rates of nursing home
placements (Inouye 1994). Drugs, particularly anticho-
linergic agents, represent the most common cause of
confusional states across all age groups (Hodkinson 1973).
(Delirium is discussed further in Chapter 19, and demen-
tia, in Chapter 24 in this volume.) Identified factors predis-
posing to the development of delirium are 1) age greater
than 60 years (Lipowski 1984; Liston 1982) and 2) brain
dysfunction (Erkinjuntti et al. 1986; Lipowski 1990).
Other independent risk factors for its development include
severe illness or sudden change in neurological, cardiac,
pulmonary, or metabolic state; dehydration; malnutrition;
infection; withdrawal from sedative-hypnotics or alcohol;
and vision impairment. Independent precipitating factors
appear to be the use of physical restraints, use of bladder
catheter, and the rapid addition of three or more medica-
tions in a short time period (Inouye and Charpentier 1996;
Rummans et al. 1995).

Many of the same drugs that produce delirium can also
cause chronic cognitive impairment in elderly patients.
Katzman et al. (1988) reviewed nine published series and
found drug-induced states to be the most common of the
reversible causes of dementia, and Larson et al. (1987) im-
plicated drugs as either a primary or contributing cause in
35 of their 300 patients evaluated for dementia. The seda-
tive-hypnotic agents, especially long-acting benzodiaze-
pines, were the drugs most commonly associated with cog-
nitive impairment. Appendix 31–2 indicates the various
medical therapies reported to be associated with the devel-
opment of delirium and dementia. The most important
agents causing cognitive impairment are discussed below.

Anticholinergic agents. A postulated mechanism
of drug-induced delirium is the accumulation of anti-
cholinergic effects (Tune et al. 1992). Narcotic analgesics,
antiparkinsonian drugs, neuroleptics, tricyclic antidepres-
sants, antispasmodics, and OTC cold and sleep prepara-
tions containing antihistamines all have significant
anticholinergic effects. Anticholinergic agents are particu-
larly likely to induce delirium and are postulated to induce
an imbalance in the cholinergic and adrenergic pathways of
the reticular activating system and thalamocortical projec-
tions, thereby disrupting the attentional matrix (Itil and
Fink 1966).

As discussed above, the elderly brain is likely to be
more sensitive to the anticholinergic effects of drugs, par-
ticularly if there is associated neurodegenerative disease.
Indeed, the neurologically compromised elderly patient
may develop delirium even after receiving 1% scopolamine
eye drops or transdermal patches (Danielson et al. 1981;
MacEwan et al. 1985). The extent of this hazard faced by el-
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derly patients is highlighted by the finding that 60% of
nursing home residents and 23% of elderly community
dwellers are receiving at least one anticholinergic drug at
any one time (Blazer et al. 1983). Of the 25 most commonly
prescribed medications in elderly patients, 14 were found
to have detectable anticholinergic effects (Tune et al.
1992). P. S. Miller et al. (1988) evaluated the effects of
low-dose scopolamine (0.005 mg/kg body weight) versus
placebo in presurgical elderly patients and found the de-
gree of impairment on the Saskatoon Delirium Symptom
Checklist and performance on the Rey Auditory-Verbal
Learning test (Lezak 1983) to relate to both serum and
cerebrospinal fluid anticholinergic levels. It is important to
recognize that elderly patients may experience the central
muscarinic toxicity that produces a confusional state or a
dementia-like syndrome without necessarily manifesting
the characteristic autonomic (nicotinic) changes of urinary
retention, tachycardia, piloerection, or pupillary dilation
(Crawshaw and Mullen 1984).

Although the mechanisms by which corticosteroids al-
ter cognition and cause delirium are not clearly under-
stood, these agents are known to have high anticholinergic
potency. Corticosteroid-induced neuropsychiatric side ef-
fects occur in 5% of patients. The larger the corticosteroid
dose or the more rapidly changes in dose are made, the
higher the prevalence of delirium and other neuropsychi-
atric complications. Other mechanisms by which
corticosteroids are postulated to exert neurobehavioral ef-
fect are through altered serotonergic, somatostatin, and
GABA agonist activity. Changes in hippocampal activity
have also been implicated (Vincent 1995). Factors that pre-
dispose to corticosteroid-induced delirium include ad-
vanced age, intercurrent illness, and female gender
(Stoudemire et al. 1996).

The cognitive impairment and delirium that occur
with tricyclic antidepressants are primarily a result of their
anticholinergic effect. Although tricyclics continue to be
used for depression and pain management, their use for de-
pression has been diminished by the SSRIs and novel anti-
depressants. Most of the SSRIs, norepinephrine reuptake
inhibitors, and reversible inhibitors of monoamine oxidase
are essentially devoid of anticholinergic activity and have
either no memory effect or may improve cognition
(Oxman 1996). The minimal anticholinergic effects of
these agents are likely to present a significant clinical ad-
vantage over the tricyclic agents. However, their use is still
associated with delirium in isolated case reports (Bonne et
al. 1995) through drug interactions (Rothschild 1995), de-
velopment of hyperserotonergic states (Amir et al. 1997)
(see serotonergic syndrome below), development of the
syndrome of inappropriate antidiuretic hormone (SIADH)

with resultant hyponatremia, and possibly through with-
drawal (although the latter is reported only in case reports)
(Kasantikul 1995).

Recent reports of delirium with, and after, clozapine
therapy hypothesized mechanisms mediated through the
cholinergic system with withdrawal delirium caused by a
central cholinergic rebound (Pitner et al. 1995; Stanilla et
al. 1997; Wilkins-Ho and Hollander 1997).

Cardiovascular medications. Several antihyper-
tensives have been reported to produce delirium.
β-blockers in particular have been implicated in producing
not only delirium (Kuhr 1979), but also hallucinosis, sleep
disruption, and chronic fatigue (McGahan et al. 1984).
The topical β-blocker timolol, used to treat glaucoma, can
also produce delirium (Shore et al. 1987). Other
antihypertensives implicated in the production of delirium
include calcium channel blockers, clonidine, and
methyldopa (Adler 1981; Hoffman and Ladogana 1981;
Jacobsen et al. 1987). Methyldopa, propranolol, hydro-
chlorothiazide, and reserpine can also produce significant
global cognitive impairment in the elderly (Larson et al.
1987).

Delirium can occur with therapeutic blood levels
(Eisendrath and Sweeney 1987) of digoxin and herald the
onset of potentially fatal cardiac arrhythmias (Sagel and
Matisonn 1975). In addition to alterations in attention,
digoxin can produce hallucinosis, sleep disruption,
dysphoria, and irritability (Eisendrath and Sweeney 1987).
Siberian ginseng has been reported to lead to increased
digoxin levels (Ernst 1998). The muscarinic-blocking
properties of the antiarrhythmics quinidine and
disopyramide can also result in cognitive impairment in el-
derly patients.

Nonsteroidal anti-inflammatory drugs and
other analgesic medications. Any of the NSAIDs
can produce delirium and cognitive impairment in elderly
patients (Allison and Shantz 1987; J. S. Goodwin and
Regan 1982; Thornton 1980). NSAIDs are widely pre-
scribed (in 1991 more than 70 million prescriptions were
filled), and four NSAIDs, ibuprofen, ketoprofen,
naproxen, and aspirin are available without prescription.
The adverse effects of indomethacin are best recognized,
but systematic information about the newer NSAIDs has
been sparse. There are many case reports implicating most
of the NSAIDs in causing delirium, mania, paranoid psy-
chosis, and other depressive disorders with suicidal
ideation (Browning 1996). Another case report describes a
tacrine ibuprofen combination as causing delirium
(Hooten and Pearlson 1996). As interest grows in using
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NSAIDs for delaying onset and progression of Alzheimer’s
disease, delirium may become a treatment-limiting side ef-
fect. Elderly individuals are particularly susceptible to
acute or chronic salicylate toxicity that can occur at “thera-
peutic levels” and frequently presents with delirium (Cupit
1982). Although the opiate analgesics are less likely to pro-
duce delirium, the anticholinergic effects of normeperi-
dine (a metabolite of meperidine) can result in a syndrome
characterized by agitation, hallucinosis, and confusion
(Eisendrath et al. 1987), and meperidine, in combination
with MAO inhibitors, can cause a fatal serotonin syn-
drome.

Histamine subtype 2 receptor antagonists.
The histamine subtype 2 (H2) receptor blockers cimeti-
dine, ranitidine, and famotidine are available over the
counter and generally have been considered to have a be-
nign side-effect profile. Adverse CNS reactions including
malaise, dizziness, somnolence, and headaches occur in
less than 3% of adult patients. However, serious neuropsy-
chiatric complications including mental confusion, agita-
tion, depression, and hallucinations have been reported,
predominantly in geriatric patients with impaired renal or
hepatic function (Picotte-Prillmayer et al. 1995), causing
delirium in as many as 17% of these patients (Schentag et
al. 1979). Whereas cimetidine has traditionally been impli-
cated in most cases of CNS side effects, no clear evidence
supports a higher incidence of adverse reactions with
cimetidine compared with the other H2 blocking agents. A
recent study (Kim et al. 1996) showed no significant differ-
ence between cimetidine and ranitidine in the occurrence
of postoperative delirium. The observation that physo-
stigmine can reverse cimetidine-induced delirium (Jenike
and Levy 1983) suggests that there may be indirect cho-
linergic involvement.

Antiparkinsonian medications. Patients with
Parkinson’s disease receiving levodopa are at risk for devel-
oping delirium. Patients of advanced age with Parkinson’s
disease, those with dementia, and those with significant
cortical atrophy appear to be at most risk for developing
not only delirium, but other behavioral side effects such as
hallucinosis and psychosis (Celesia and Barr 1970;
Fennelly 1987; Young et al. 1997). Not surprisingly, the
anticholinergics often prescribed to treat the tremor of
Parkinson’s disease also frequently produce confusion and
cognitive impairment. The dopamine agonists bromo-
criptine and amantadine have also been reported to pro-
duce delirium in as many as 20% of patients (Cummings
1991; Lieberman et al. 1979; Postma and Vantilburg 1975).

Anesthesia. Postoperative delirium and less severe
cognitive impairments are not uncommon in elderly pa-
tients. Several possible etiologies should be considered in-
cluding anticholinergic preoperative preparations,
hypoxia, metabolic disturbances, infection, fat embolism,
hemodynamic disturbances, meperidine intoxication, pul-
monary embolism, and sedative-hypnotic withdrawal
(Irvin 1995; Lipowski 1990; Tzabar et al. 1996).

Serotonergic drugs. The serotonin syndrome is a
potentially fatal complication of serotonergic drug therapy
and ischaracterizedbythe triadofalteredmental status, auto-
nomic dysfunction, and neuromuscular abnormalities (Mar-
tin 1996). Clinical manifestations include agitation, delirium,
mutism, ataxia, mydriasis, diaphoresis, hyperthermia, shiver-
ing, fluctuating blood pressure, tremor and myoclonus, car-
diovascular collapse, coma, seizures, and death. The seroto-
nin syndrome is sometimes mistaken for the neuroleptic
malignant syndromebut, inallbut themost severecases, lacks
the serious muscle breakdown of the latter (Gelenberg 1995;
Martin 1996; Stahl 1997; Sternbach 1991). The syndrome
occursbecauseof toxicamountsof serotonin, rarelycausedby
asingle serotonergicmedication (Kolecki1997),butmoreof-
ten by drug combinations of serotonergic acting medications
or when MAO inhibitors are combined with an SSRI or with
meperidine. Clinical features of serotonin syndromes are
shown in Table 31–4.

Other drugs causing delirium and cognitive
impairment. Low doses of benzodiazepines, relating
to the plasma concentration, can also cause significant cog-
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TABLE 31–4. Most common clinical features
of the serotonin syndrome in
38 patients in 12 reports

Clinical Feature N %
Mental status changes

Confusion 16 42
Hypomania 8 21
Restlessness 17 45
Myoclonus 13 34
Hyperreflexia 11 29
Diaphoresis 10 26
Shivering 10 26
Tremor 10 26
Diarrhea 6 16
Incoordination 5 13

Source. Reprinted with permission from Sternbach H: “The Seroto-
nin Syndrome.” American Journal of Psychiatry 48:705–713, 1991.



nitive impairment in elderly patients (Pomara et al. 1984).
The ability of benzodiazepines to impair the acquisition of
new information (anterograde amnesia) and impair atten-
tion has been clearly documented. Deleterious effects on
vigilance and encoding have been observed (Coenen and
van Luijtelaar 1997). Several studies have confirmed im-
proved memory, cognitive functioning, energy, and sense
of well-being in elderly nursing home residents after dis-
continuation of benzodiazepines (Griffiths and Weerts
1997). The long-acting benzodiazepines are worrisome
because of their increased accumulation and the persis-
tence of side effects. But the ultra-short acting benzo-
diazepines used as hypnotics have also been shown to have
substantial cognitive impact including anterograde amne-
sia and delirium in susceptible individuals (Patterson 1987;
Reynolds et al. 1985). After news that triazolam causes
amnestic episodes was disseminated through the popular
press, its sales dropped dramatically. Recently, Lobo and
Greene (1997) have concluded from their literature review
that the new and popular hypnotic zolpidem is strikingly
similar to triazolam. Although not a benzodiazepine,
zolpidem binds with the GABA receptor (although selec-
tive for subtype 1) and shares triazolam’s pharmacokinetic
properties. Zolpidem has been found to cause confusion,
visual hallucinations, and amnestic periods occurring dur-
ing the night and sometimes persisting into the next day.

The Veterans Affairs cooperative study of the cogni-
tive effects of anticonvulsants in 622 patients with epilepsy
reported that patients on phenobarbital, primidone, and
phenytoin exhibit significant cognitive impairment com-
pared with matched control subjects receiving carba-
mazepine (Smith et al. 1987). Carbamazepine and sodium
valproate have shown less tendency to induce cognitive im-
pairment in most studies, although the latter has been im-
plicated as causing a dementia-like syndrome associated
with reversible cerebral atrophy (McLachlan 1987). In a
study of 36 patients with epilepsy who were on long-term
valproate therapy, 32 were found to have reversible
parkinsonism with cognitive impairment that had devel-
oped insidiously (Armon et al. 1996). Willmore (1995) cau-
tions that elderly patients with declining intellectual func-
tion, motor impairments, or altered sensory function may
be especially susceptible to dose-related CNS side effects
of antiepileptic drugs and delineates the special cautions of
polypharmacy and drug interactions in the elderly.

Other drugs reported to cause cognitive impairment
include lithium, various antibiotics, radio-contrast agents,
interferon, heavy metals, organic solvents, cyclosporine,
various antineoplastic agents, phenylpropanolamine, and
caffeine. (For an excellent review, see Morrison and Katz
1989.)

Anxiety

Anxiety can be caused by a variety of pharmacological
agents (Appendix 31–2). There is an increased sensitivity to
stimulants with aging, and the elderly may be particularly
susceptible to caffeinism—even without a history of exces-
sive intake (Williams and Caranasos 1992). Caffeine may
also be taken unknowingly in various OTC cold and allergy
preparations. Sympathomimetic amines, which may be
present in such OTC preparations, are common causes of
secondary anxiety in elderly patients (Lader 1982). Elderly
individuals, particularly those with cognitive impairment,
are susceptible to paradoxical excitement manifested by
anxiety and agitation as a result of alcohol, benzodiaze-
pines, barbiturates, and other sedative-hypnotics. Short-
acting benzodiazepines can cause rebound anxiety, precipi-
tating escalating use of the drug. Erratic use of sedative-
hypnotics can cause withdrawal insomnia and daytime anx-
iety. Tricyclic antidepressants, bupropion, and fluoxetine
have all been reported to produce restlessness, anxiety, and
insomnia (Williams and Caranasos 1992).

The withdrawal effects of narcotics, alcohol, benzo-
diazepines, and other sedative-hypnotics are also frequent
causes of anxiety. Other drugs implicated as causing anxiety
include corticosteroids, theophylline, thyroxine, anti-
parkinsonian drugs (particularly levodopa and bromo-
criptine), various cardiac drugs (disopyramide and
nifedipine), cycloserine, anticonvulsants, antihistamines,
anticholinergics, and various respiratory drugs. Ten per-
cent to 15% of patients treated with dopaminergic agents
will develop anxiety symptoms (Cummings 1991).

Depression, Mania, and Psychosis

Drugs implicated in causing affective and psychotic disor-
ders are listed in Appendix 31–2. In this section, we discuss
the most important of these as they pertain to elderly
patients.

Cardiac medications. Cardiac glycosides, antiar-
rhythmics, and antihypertensives have all been associated
with the development of psychotic and affective symptoms.
The long-known catecholamine-depleting effects of
reserpine account for the frequent association of depression
with the use of this antihypertensive (F. K. Goodwin and
Bunney 1971). α-Methyldopa has also long been associated
with depressive symptoms, acting primarily via its metabolite
α-methylnorepinephrine, a potent α2-adrenergic agonist. In
their extensive review of the literature, Paykel et al. (1982)
also found an incidence of depression of 1.5% for clonidine,
another α2-adrenergic agonist; 1.1% for the β-adreno-
receptor blocker propranolol; and 1.9% for guanethidine.
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The association between β-blockers and the development
of a major depressive disorder is inconclusive (Patten et al.
1997), but propranolol has been reported to cause other neu-
ropsychiatric side effects including visual hallucinations and
psychosis (Fleminger 1978; Fraser and Carr 1976).
Fleminger (1978) found that 17.5% of 115 patients had visual
hallucinations and/or illusions with propranolol. Although
the incidence of depression with propranolol is probably
much less than originally thought, atenolol, being less
lipophilic than propranolol and thus crossing the blood-brain
barrier less easily, is probably the preferable β-blocker to use
in those susceptible to the development of depression.

Digitalis has a very narrow therapeutic index, and toxic
levels can produce delirium, aphasia, and hallucinations
(Levenson 1979). Depression can occur as a side effect at
therapeutic levels, particularly in elderly patients (Pascualy
and Veith 1989). The psychiatric side effects of digoxin are
associated with elevated serum levels, and the susceptibility
of elderly patients is probably related to decreased clear-
ance of the drug. Patten et al. (1996) found an association of
the use of angiotensin-converting enzyme (ACE) inhibi-
tors and the presence of depression, particularly in women
and subjects over age 65. Although case reports have sug-
gested an association of calcium channel blockers with de-
pression, this association was not observed in two more sys-
tematic studies (Patten et al. 1995, 1996).

The antiarrhythmics quinidine, procainamide, and
disopyramide have all been associated with the develop-
ment of hallucinations and psychosis. This may relate to
their anticholinergic effects, although their psychiatric
side effects are frequently associated with polypharmacy
(K. A. Wood et al. 1988).

Corticosteroids. The Boston Collaborative Drug
Surveillance Program study (1971) found prednisone to be
the most frequent drug-related cause of moderate or severe
psychiatric side effects, occurring in 2.6% of patients.
Lewis and Smith (1983), in an extensive review of the liter-
ature, reported a 5% incidence of serious psychiatric symp-
toms in patients receiving corticosteroids, with higher
rates in oncology patients (Vincent 1995). This association
was found to be dose-related, with doses of prednisone
greater than 80 mg causing psychiatric disturbances at a
rate of 18.4%. In patients who develop psychosis, 77% are
receiving more than the dose equivalent of 40 mg daily
(Vincent 1995). Most patients develop neuropsychiatric
complications early in their course of treatment, 43% dur-
ing the first week and 93% during the first 6 weeks. In a re-
view of cases of steroid-induced psychiatric disorders, de-
pression was seen in 40% of patients, 28% experienced
hypomania (with 8% having a combination of depression

and mania), 14% were acutely psychotic, and 10% were de-
lirious. Suicidal ideation has been reported in 17%–33% of
patients with steroid psychosis, and the suicide rate in these
cases is approximately 2%. Minor psychiatric syndromes
occur commonly and include anxiety, irritability, and panic
reactions. Most cases of steroid-induced psychiatric disor-
ders last 2–6 weeks (Vincent 1995). Female sex, systemic
lupus erythematosus, and high doses of prednisone are risk
factors. Decreasing the steroid dose (slowly to avoid pre-
cipitating a steroid withdrawal syndrome) and administer-
ing neuroleptics, benzodiazepines, valproate, or electro-
convulsive therapy are generally effective treatments.
Lithium has been found to be effective prophylaxis for
those patients known to be at risk (Vincent 1995). Tricyclic
antidepressants do not appear to be as effective and, in fact,
can exacerbate steroid-induced mania.

Nonsteroidal anti-inflammatory drugs. Hopp-
mann et al. (1991) reviewed the neuropsychiatric reports of
side effects of NSAIDs. Elderly patients have been sus-
pected as being particularly susceptible, especially with
NSAIDs that are mostly protein bound, although one re-
view found no data to support age alone as being an inde-
pendent risk factor, but rather comorbidities and
co-medications confer the heightened risk (Solomon and
Gurwitz 1997). Psychosis has been reported as a side effect
of both indomethacin and sulindac, agents that are struc-
turally related. The mechanism of inducing psychosis
could relate to the indolic moiety of indomethacin, similar
to serotonin. Ibuprofen, naproxen, salicylates, and other
NSAIDs have also been associated with depression and
cognitive impairment, particularly in elderly patients.
Browning’s report (1996) of four patients who developed
severe exacerbations of underlying psychiatric disorders
emphasizes the need for caution when NSAIDs are used in
patients with psychiatric histories.

Antiparkinsonian drugs. In a review of antipark-
insonian drug treatment, Young and colleagues (1997)
found that the most prominent neuropsychiatric adverse
effects were psychosis and delirium. Cummings (1991) re-
viewed the neuropsychiatric complications of the treat-
ment of Parkinson’s disease. He found that 30% of patients
treated with dopaminergic agents develop visual hallucina-
tions; 10% have delusional syndromes; 10%, euphoria;
1%, mania; and 10%–15%, anxiety symptoms. Elderly pa-
tients and patients with dementia appear more susceptible
to these complications. Younger patients can be more sus-
ceptible to depression and insomnia (Wagner et al. 1996).
Clozapine and olanzapine can be effective in treating psy-
chotic symptoms if they do not resolve with dosage
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reduction (Friedman and Lannon 1989; Rabey et al. 1995;
Rosenthal et al. 1992; Wolters et al. 1996). However, patients
with Parkinson’s disease are exquisitely sensitive to the
anticholinergic side effects of clozapine and can become
encephalopathicatevensmalldoses (i.e.,>25mgdaily) (Duffy
and Kant 1996). Anticholinergics used in Parkinson’s disease
are more frequently associated with delirium, but can also
present with delusions and/or hallucinations.

H2 blockers. The H2 blockers cimetidine and raniti-
dine have been reported to cause depression, mania, and
psychosis (Billings and Stein 1986; Billings et al. 1981;
Hubain et al. 1982; Russell and Lopez 1980). Both have
also been found to induce neurobehavioral symptoms
when discontinued. In this situation, the symptoms have
been found to be associated with a drop in prolactin levels
and ameliorated by treatment with domperidone, an agent
that causes hyperprolactinemia (Rampello et al. 1997).
Cimetidine has traditionally been viewed as more
neuroactive, but a recent study by Kim et al. (1996) found
postoperative patients on cimetidine or ranitidine to be
equally likely to experience decrements in their
Mini-Mental State Exam scores (Folstein et al. 1975). As
the role of histamine as a central neurotransmitter is still
unclear, the mechanism of action of these neurobehavioral
effects is not certain. Jenike and Levy (1983) reported that
physostigmine can reverse cimetidine-induced delirium,
suggesting that there may be indirect cholinergic involve-
ment. Cimetidine interacts significantly with a number of
other medications (Appendix 31–1), and care must be taken
in patients taking numerous drugs. Because cimetidine and
ranitidine are both excreted primarily by the kidney, the
clinician should be particularly cautious in prescribing H2

blockers in elderly patients with diminished renal function.

Psychotropics. Reports of benzodiazepine-induced
depression and psychosis are difficult to evaluate because
the patients often had preexisting psychiatric illness and/or
concomitant therapies. In a retrospective review,
Greenblatt et al. (1976) reported that 3% of more than
2,000 patients on flurazepam manifested depression, al-
though almost half of these were on other drug therapy as
well. (The extremely long half-life of flurazepam makes it
unsuitable for use in the elderly.) Confusion, hallucina-
tions, and seizures also occur with benzodiazepine with-
drawal. Also, a number of cases of mania with antidepres-
sant therapy and withdrawal, as well as with stimulants and
sympathomimetics, have been reported (Sultzer and
Cummings 1989). (The neuropsychiatric aspects of
psychotropic medication are discussed further in Chapter
34 in this volume.)

Gait and Mobility Disorders and Falls

Disorders of gait, particularly those that result in a fall, rep-
resent a significant source of hazard and subsequent dis-
ability in elderly people. As many as 15% of people over age
65 have a gait disorder (Newman et al. 1960); the incidence
rises to 25% after age 79 (Lundgren-Lindquist et al. 1983).
The annual incidence of falls in the elderly is approxi-
mately 220 per 1000, resulting in approximately 7 million
falls annually (Monane and Avorn 1996). The magnitude of
the problem is highlighted by the finding that, in people
over age 75 in the community, more than one-third of them
fall each year (Tinetti 1977), and as many as 10% of these
falls result in serious (sometimes fatal) injury (Smallegan
1983). The psychological and physical repercussions of
these falls frequently necessitate placement in a nursing
home (Kellogg International 1987). The problem in nurs-
ing homes reaches catastrophic proportions where the an-
nual incidence of falls is 1,600 per 1,000 residents
(Sudarsky 1990). Medications are important contributors
to these statistics and profoundly influence the ability of el-
derly patients to ambulate safely and efficiently.

Normal changes in ambulation associated with aging
include 1) shorter, broader strides; 2) decreased speed;
3) diminished pelvic rotation; and 4) a decreased capacity
for adjusting posture in response to environmental de-
mands (MacDonald and MacDonald 1977). In addition to
these expected changes, the elderly person can also develop
gait abnormalities as a consequence of some other identifi-
able pathology such as musculoskeletal changes, Parkin-
son’s disease, myelopathies (e.g., cervical spondylosis), cer-
ebellar degeneration, normal pressure hydrocephalus, and
subcortical atherosclerotic disease (Sudarsky 1990). Medi-
cations can aggravate these pathological processes or can
produce gait abnormalities independently.

A large-scale study of “frequent fallers” in St. Louis
found the following drugs to be associated with falls: diaze-
pam, laxatives (may have reflected the more frail and inac-
tive contingent), diuretics, and diltiazem (Cumming et al.
1991). Other medications that have been conclusively
demonstrated to increase the risk of falling include psycho-
tropic medications, especially long-acting benzodiaze-
pines (Monane et al. 1996), barbiturates, tricyclic antide-
pressants, neuroleptics (particularly phenothiazines),
antihypertensives, including diuretics and calcium channel
blockers (J. B. Schwartz 1996), digitalis (Koski et al. 1996),
levodopa, and NSAIDs (Davie et al. 1981; MacDonald
1983; MacDonald and MacDonald 1977; Prudnam and
Evans 1981; Ray et al. 1989). The risk of falls in an elderly
person rises proportionally to the number of medications
he or she is taking. Particularly hazardous are combina-

710 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



tions of medications that have additive side effects (e.g.,
antihypertensives in combination with sedative-hyp-
notics) (MacDonald 1983).

The age-related changes in CNS vulnerability in el-
derly patients discussed above may predispose them to
drug-induced movement disorders. (The problems of
hyperkinetic movement disorders and tardive dyskinesia
are discussed further in Chapter 25 in this volume.)
Neuroleptics are the most common cause of drug-induced
movement disorders, but dopamine agonists also fre-
quently produce dyskinesias, and a variety of other medical
therapies have been associated with movement abnormali-
ties (Table 31–5). Elderly patients are at an increased risk
particularly for drug-induced parkinsonism from
antiemetic and antipsychotic medications, related, per-
haps, to the diminished number of nigral dopaminergic
neurons associated with aging (Friedman 1992). This can
be a significant cause of immobility, gait disturbance, falls,
and mortality in elderly patients (Wilson and MacLennen
1989). Parkinsonism has also been reported with chronic
valproate treatment (Armon et al. 1996) and has infre-
quently been reported with the SSRIs (Leo et al. 1995).
(For excellent reviews, see Lang and Weiner 1992 and
L. G. Miller and Jankovic 1992.)

Sleep Disorders Produced
by Medical Therapies

The predictable alterations in sleep architecture associated
with aging are reviewed in Chapter 17 in this volume. The
incidence of insomnia increases as a function of age and

physical status (Gillin and Byerly 1990). Many elderly per-
sons complain of poor sleep and/or unacceptable daytime
drowsiness and frequently seek treatment—either from
their physician or via OTC medications. In the context of
neurodegenerative disorders, sleep problems frequently
exhaust relatives and precipitate the family’s decision to
seek institutionalization of a loved one (Berry and Webb
1985). Medications can play a significant role in producing
sleep disturbances in the elderly. In addition, the particular
vulnerabilities of the aging brain demand the judicious se-
lection of appropriate treatment strategies for sleep disor-
ders. A failure to do so may result in escalating sleep and be-
havioral problems.

The use of benzodiazepines, which are frequently pre-
scribed for elderly patients, presents particular hazards
(Closser 1991). The elderly are more sensitive to benzo-
diazepines secondary to their altered pharmacokinetics
and enhanced postsynaptic receptor sensitivity (Swift
1986). Benzodiazepines are frequently administered to el-
derly patients who complain of insomnia. The extent of
benzodiazepine use is highlighted by studies that reported
that half of all elderly medical admissions were receiving
benzodiazepines (Foy et al. 1986), and among institution-
alized elderly, more than 90% were prescribed seda-
tive-hypnotic drugs (Reynolds et al. 1985).

Ironically, although benzodiazepines are usually ini-
tially prescribed to treat insomnia, they are a frequent cause
of deteriorating sleep quality (Schneider-Heimert 1988).
Sustained use results in diminished slow-wave and
rapid-eye-movement (REM) sleep, with no alteration in
total sleep time (Schneider-Heimert 1988). The problem
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TABLE 31–5. Drug-induced movement disorders

Movement disorders Drugs
Accentuated physiological tremor Epinephrine, isoproterenol, caffeine, theophylline, lithium, tricyclic antidepressants,

thyroid hormone, hypoglycemic agents, sodium valproate, nicotinic acid, cyclosporine
Cerebellar ataxia and tremor Phenytoin, barbiturate, lithium, 5-fluorouracil, cimetidine-triazolam interaction
Chorea-dyskinesia Neuroleptics, levodopa, bromocriptine, phenytoin, ethosuximide, carbamazepine,

oral contraceptives, chloroquine, antidepressants, metoclopramide, lithium,
antidepressants, benzodiazepines, antihistamines, calcium channel blockers, cocaine,
methyldopa, cimetidine

Dystonia Neuroleptics, levodopa, bromocriptine, lithium, metoclopramide, carbamazepine,
cimetidine, chlorzoxazone, calcium channel blockers

Myoclonus and tics Neuroleptics, amphetamines, methylphenidate, fenfluramine, levodopa, bromocriptine,
antidepressants, pemoline, cocaine

Parkinsonism Neuroleptics, reserpine, tetrabenazine, methyldopa, α-methyltyrosine, lithium,
diazoxide, physostigmine, metoclopramide, trazodone, meperidine, etretinate,
cimetidine, cinnarizine, flunarizine

Akathisia Neuroleptics, reserpine, tetrabenazine, metoclopramide, antidepressants, calcium
channel blockers, buspirone, methysergide, cimetidine



may be further compounded when the elderly person de-
velops rebound insomnia after missing even a single dose of
a short-acting preparation, often resulting in escalating
hypnotic use (Gillin et al. 1989). Patients receiving ultra-
short–acting benzodiazepines such as triazolam can expe-
rience this rebound phenomenon within a few hours of
their last dose and can require more than one dose per eve-
ning to maintain sleep and avoid becoming agitated or con-
fused. In addition, the ultra-short–acting benzodiazepines
have been reported to produce in susceptible individuals
myriad behavioral changes, including anterograde amne-
sia, delirium, anxiety, and dysphoria (Patterson 1987;
Reynolds et al. 1985). The deleterious effects of
triazolam and zolpidem have been shown to occur dur-
ing the night and sometimes persist into the next day
(Lobo et al. 1997).

The long half-life benzodiazepines (e.g., flurazepam)
should be avoided in elderly patients because these drugs
are likely to produce prolonged daytime drowsiness, cog-
nitive disturbances, and potentially hazardous ataxia
(Carskadon et al. 1982). Sleep apnea increases with age and
may be significantly aggravated by the use of seda-
tive-hypnotics, thereby creating a potentially serious risk
(Ancoli-Israel et al. 1985; Reynolds et al. 1985). Overall,
the use of benzodiazepines for insomnia in elderly patients
remains controversial. Their administration should proba-
bly be limited to the brief use of the intermediate
benzodiazepines in stressful situations.

Several cardiovascular drugs have been reported to ex-
ert a powerful influence on sleep architecture. β-blockers
(particularly lipophilic agents such as propranolol,
metoprolol, and pindolol) and reserpine have been associ-
ated with nightmares, hallucinations, fatigue, and dimin-
ished sleep quality (Henningsen and Mattiason 1979).
Clonidine causes REM suppression with decreased time in
deep sleep and more awakenings (i.e., decreased quality of
sleep) (Spiegel and Devos 1980). Several antiarrhythmics
including amiodarone, lorcainide, and quinidine have been
reported to produce insomnia (Greene et al. 1983;
Guillemenault and Silvestri 1982; Karacan et al. 1976).

Methylxanthines, found in theophylline, theobro-
mine, and caffeine, are common causes of insomnia. Caf-
feine, available in beverages such as tea or coffee and fre-
quently found in OTC preparations, produces difficulty
initiating sleep and delays the onset of REM sleep to the
latter part of the night (Karacan et al. 1976). Psycho-
stimulants such as methylphenidate that are sometimes
used to treat depression in the elderly produce a significant
reduction in slow-wave and REM sleep (Kay et al. 1976).

Corticosteroids also cause sleep disturbances, with in-
somnia commonly reported. Nightmares, excessively mor-

bid or vivid dreams, and even psychosis can also occur
(Force et al. 1997; Vincent 1995). Melatonin, popularly
used for sleeplessness and aging and sold over the counter
in the United States (though not in Europe), has been re-
ported to cause nightmares, fatigue, hypotension, and
sleep disorders with highly irregular sleep-wake cycles
(Middleton et al. 1996). There is particular concern when
melatonin is taken on an inappropriate time schedule, at
high doses, or over long periods (Guardiola-Lemaitre
1997).

Finally, nonspecific causes of diminished sleep qual-
ity should be considered. These include prolonged con-
finement to bed, physical discomfort caused by medical
illness (e.g., arthritis, Parkinson’s disease, and orthop-
nea), and the alteration in sleep cycle characteristic of
confusional states.

Sexual Disorders

Sexuality in older people is a subject of considerable misun-
derstanding. Older people do experience some age-
associated alterations in sexual function, but these do not
preclude an active and satisfying sex life. Sexual activity
continues well into later life. A national survey reported
that more than half of married persons between ages 66 and
70 report having sex at least four times per month. More
than one-quarter of married people over age 76 report an
active sex life, with an average frequency of sex of more
than twice per month (Marsiglio and Donnelly 1991). It is
important to note that, unless physical disability inter-
venes, the sexual behavior of older people tends to remain
consistent over time (George and Weiler 1981). These sta-
tistics highlight the importance of obtaining a sexual his-
tory in all older patients. Any change from their premorbid
baseline may herald recent physical or psychosocial
stressors.

Although growing older does not mandate an aban-
donment of sexuality, predictable age-related physiologi-
cal changes do affect the elderly person’s sexual functioning
(Grenshaw 1985). The older male is likely to experience
some decrease in libido and a slowing of sexual arousal that
may delay ejaculation. The postmenopausal woman is
likely to experience a number of physiological changes that
may reduce the pleasure of sexual intercourse. These
changes include decreased vaginal lubrication, atrophic
changes in the mucosal lining of the vaginal wall, and de-
creased turgidity of the vaginal outlet. In addition, physical
disability is likely to exert a powerful negative influence on
the older person’s sexual activity (Marsiglio and Donnelly
1991). As a consequence, elderly people are likely to be
more vulnerable to the drug-induced disorders in sexual
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functioning outlined in Table 31–6.
The SSRIs are well known to induce sexual dysfunc-

tion. Data are not yet available from studies of this compli-
cation specifically in the elderly population, but extrapola-
tion from data on younger patients gives reason for
concern. In a prospective Spanish study of outpatients

(Montejo-Gonzalez et al. 1997) with a mean age of 39.6, re-
searchers found SSRI-induced sexual dysfunction in a ma-
jority (58%) of the patients, with a significant increase in
the incidence when physicians asked the patients direct
questions about decreased libido, delayed orgasm or
anorgasmia, delayed ejaculation, inability to ejaculate, and
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TABLE 31–6. Effects of commonly prescribed drugs on sexual function

Drugs Libido
Effects on sexual function,
arousal, or erection Orgasm or ejaculation

Psychotropic agents
Amphetamines and

cocaine
Enhanced with low doses;

decreased with high doses
Decreased with chronic use Increased with low doses;

diminished with high doses
Monoamine oxidase–

inhibiting
antidepressants

– – Impaired

Tricyclic antidepressants May be impaired May be impaired May be impaired; may cause
spontaneous seminal emission

Bupropion Increased – –
Trazodone Increased May cause priapism –
Fluoxetine Increased – –
Lithium carbonate Impaired Impaired –
Neuroleptic agents May be decreased Impaired (rare priapism) Retrograde ejaculation rarely
Sedative-hypnotics Reduced Reduced –
Benzodiazepines – Impaired with chronic usage –
Buspirone Increased – –
Narcotics Impaired in high doses Impaired in high doses Impaired in high doses

Antihypertensive agents
Reserpine,

97-methyldopa
Decreased Decreased (common) May be impaired

Diuretics – May be impaired –
Clonidine – – May block emission in males
Propranolol May be decreased May be decreased –

Anticholinergic agents – May be impaired –
Sympathomimetics

Phendimetrazine Increased – –
Fenfluramine Increased – –

Hormonal agents
Androgens Increased Increased (men) Increased (men)
Estrogens Decreased (men)

Variable (women)
May cause impotence in men Delayed

Thyroxine Increased – –
Adrenal steroids Decreased in high doses – –

Miscellaneous
Levodopa May be increased – –
Cholestyramine Increased – –
Disulfiram – Occasional impotence Delayed



impotence versus when sexual dysfunction was spontane-
ously reported (14%). This finding is of special note for ge-
riatric care because older patients are less frequently asked
about their sexual functioning and are less likely to volun-
teer the information. Sexual dysfunction was found to cor-
relate with dose and have a higher incidence in men. Retro-
spective chart studies show lower incidence (16.3%), but
still involving significant numbers of patients treated with
SSRIs (Keller Ashton et al. 1997).

A recent study revealed that, although erectile dys-
function is a frequent disorder in hyperlipidemia, hypo-
lipidemic drugs additionally increase the incidence of im-
potence (Bruckert et al. 1996). Other medications reported
to induce a variety of sexual dysfunctions include
apomorphine, carbamazepine, metoclopramide, chlor-
thalidone, hydrochlorothiazide, and other antidepres-
sants. A more complete listing is outlined in Table 31–6.

Disturbances in Taste and Smell
The loss or distortion of sense of smell or taste significantly
compromises a person’s nutritional status and enjoyment
of his or her environment. Drug-induced disturbances are
common and include anosmia and ageusia (absence of
smell and taste, respectively), dysosmia (distortion and
misinterpretation of smells), parageusia (misinterpretation
of tastes as foul), parosmia (perception of an odorant that is
not present), and dysgeusia (the distortion or misinterpre-
tation of a taste while eating). The medical disorders asso-
ciated with impairments of olfaction and the sense of taste
are lengthy. (The reader is referred to the excellent review
by Ackerman and Kasbekar 1997.) Symptoms require a
careful differential diagnosis. Anosmia occurs in 90% of
patients with Alzheimer’s disease and Huntington’s chorea
and 70% of those with idiopathic Parkinson’s disease
(Ackerman and Kasbekar 1997). For such patients, and
other frail elderly, further interference with their sense of
smell or taste may cause them to avoid eating. Drugs associ-
ated with anosmia are levodopa, alpha interferon,
chemotherapeutic agents, nifedipine, and diltiazem. Dis-
tortions in taste (dysgeusia) or loss of the sense of taste
(ageusia) have been reported to occur with the ACE inhibi-
tors (oral and topical), nifedipine, and medications with
sulfhydryl groups (propylthiouracil, penicillamine, and
captopril). Captopril is considered to be the agent most
commonly associated with dysgeusia. The ACE inhibitors
are reported to cause dysgeusia in 8.4% of patients.
Dysgeusia has, in rare instances, been reported to become
persistent and permanent (Ackerman and Kasbekar 1997).
Xerostomia, or dry mouth, a common side effect of
anticholinergics, commonly interferes with taste,
dentition, and oral intake.

Herbal Remedies

Recent years have witnessed an explosive rise in the popu-
larity of alternative therapies—most particularly herbal
and so-called natural remedies. The market for botanical
therapies continues to grow rapidly and has become a
multibillion dollar industry. Unfortunately, despite the
enormity of this burgeoning financial trade in herbs, their
clinical efficacy and safety remain unproved and untested.
Adding to this confusion, most clinicians fail to question
their patients about alternative therapy use, and most pa-
tients remain embarrassed to broach the subject with their
physician. As evidenced in a recent survey of 400 users of
herbal remedies who reported an 8% incidence of adverse
effects, although the incidence of adverse effects from
herbal remedies is probably comparatively low, they do oc-
cur (Abbot et al. 1996).

Adverse effects from herbs may result as a consequence
of 1) allergic reactions, 2) toxic effects, 3) drug interactions,
4) mutagenic effects, and 5) the toxicity associated with
contaminants (Ernst 1998). Drug interactions are particu-
larly important in the context of elderly patients who are al-
ready consuming many prescription medications. Recog-
nized drug interactions include coagulation abnormalities
in patients using warfarin concurrently with Chinese
herbal teas (Tam et al. 1995). The Ayurvedic remedy
shankhapushpi has been reported to lower phenytoin lev-
els, thereby placing the patient at increased risk for sei-
zures. Undoubtedly, many other drug interactions will be
recognized as the popularity of herbal remedies increases.
Currently recognized direct toxic effects of herbal reme-
dies are outlined in Table 31–7.

Poor quality control over the preparation of herbal
remedies results in unacceptable contamination of these
products. Identified contaminants in Ayurvedic prepara-
tions have included lead, mercury, arsenic, aluminium, tin,
aspirin, and acetaminophen (Bayly et al. 1995). Heavy
metal and prescription medication contamination of Chi-
nese herbal remedies has also been frequently reported.
Kelp, a popular and presumably benign remedy, may con-
tain toxic levels of arsenic that may produce clinical toxicity
(Gertner et al. 1995).

Summary

Medical therapies not uncommonly cause neuropsychiat-
ric morbidity in elderly patients. These complications can
become serious enough to warrant hospitalization, with
8% or more of geriatric admissions attributable to adverse
drug reactions. The increased susceptibility of the elderly
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to the CNS side effects of medical therapies should always
be considered when neurobehavioral changes occur in
older medical patients. Medical therapies may cause de-
pression, mania, psychosis, sexual disorders, delirium, de-
mentia, anxiety, sleep disturbances, movement disorders,
falls, and changes in olfaction and the sense of taste. To
minimize the risk of these adverse effects, one must con-
sider the following factors in prescribing medications to el-
derly patients:

1. Understand alterations in pharmacokinetics and
neurochemistry associated with aging.

2. Identify the presence of any neurodegenerative pro-
cess and understand the possible ramifications of
these diseases for drug effects and sensitivity.

3. Identify social and physical determinants that make
medication compliance problematic (e.g., living
alone, financial constraints, vision and hearing loss).

4. Always consider the possible involvement of OTC
medications and herbal therapies or misuse of pre-
scription medication.

5. Obtain a baseline mental status examination. If pa-
tients are treated with high-risk medications or com-
binations, follow the mental status carefully.

6. Always consider drug toxicity when the patient ex-
hibits an alteration in attention or cognition or any
behavioral change.

7. Be aware of inappropriate medication practices for
the treatment of elderly patients.

8. Have a table of drug-drug interactions readily avail-
able for use when polypharmacy is required.

References

Abbot NC, White AR, Ernst E: Complementary medicine (let-
ter). Nature 381:386, 1996

Abernethy DR: Psychotropic drugs and the aging process:
pharmacokinetics and pharmacodynamics, in Clinical Ge-
riatric Psychopharmacology, 2nd Edition. Edited by
Salzman C. Baltimore, MD, Williams & Wilkins, 1992, pp
61–76

Ackerman BH, Kasbekar N: Disturbances of taste and smell in-
duced by drugs (review). Pharmacotherapy 17:482–496,
1997

Adler S: Methyldopa-induced decrease in mental activity. JAMA
230:1428–1429, 1981

Allison N, Shantz I: Delirium due to tiaprofenic acid. Canadian
Medical Association Journal 137:1022–1023, 1987

Amir I, Dano M, Joffe A: Recurrent toxic delirium in a patient
treated with SSRIs: is old age a risk factor? Isr J Psychiatry
Relat Sci 34:119–121, 1997

Anastasio GD, Cornell KO, Menscer D: Drug interactions:
keeping it straight (review). Am Fam Physician 56:
883–888, 891–894, 1997

Medical Therapies 715

TABLE 31–7. Adverse effects with likely cause-effect relationship

Name of plant/constituent Adverse effect Reason for assuming causality
Aconite Palpitations, arrhythmias, nausea,

abdominal pain
Adverse effect reported frequently

Aristolochic acid Nephrotoxic Adverse effect reported often
Ayurvedic remedies Heavy metal poisoning Heavy metals used in processing and found in

preparations
Broom Oxytocic properties Documented adverse effect of sparteine

(a constituent of broom)
Chaparral Liver damage Case reports
Chinese herbal mixtures Heavy metal poisoning Case reports; heavy metals found in

preparations
Comfrey Liver damage Case reports
Flavonoids Hemolytic anemia, renal damage Case reports
Germander Liver damage Case reports
Guar gum Gastrointestinal obstruction Case reports
Licorice root Hypokalemia, hypertension,

arrhythmias, edema
Case reports

Pennyroyal Liver damage Case reports
Pyrrolizine Liver damage Case reports

Source. Adapted from Ernst 1998.
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APPENDIX 31–1. Significant potential drug-drug interactions in psychogeriatrics

Drugs Interacting drugs Consequences
Salicylates β-Adrenergic blockers Decreased antihypertensive action

Hypoglycemics (chlorpropamide) Large acetylsalicylic acid doses may cause
hypoglycemia

Lithium Possible lithium toxicity
Valproate Possible valproate toxicity

Nonsteroidal
anti-inflammatory drugs

β-Blockers
Captopril

Decreased antihypertensive action
Indomethacin-decreased antihypertensive action

Furosemide Decreased diuretic action and antihypertensive effect
Haloperidol Possible severe sedation with indomethacin
Potassium Indomethacin-induced hyperkalemia
Thiazide diuretics Hyponatremia

Antidepressants, tricyclic Clonidine Decreased antihypertensive effect
Disulfiram Organic mental disorder
Guanethidine Decreased antihypertensive
Hypoglycemics (chlorpropamide) Doxepin-induced hypoglycemia
Nitroglycerin (sublingual; tolazamide) Nortriptyline-induced hypoglycemia
Trimethoprim-sulfamethoxazole Nitroglycerine may not dissolve; loss of

antidepressant effect
Antidepressants,

nontricyclic
Tricyclic antidepressants Fluoxetine, fluvoxamine, and other stressors may inhibit

metabolism of some tricyclic antidepressants

Digoxin Trazodone may increase risk of digoxin toxicity
Phenothiazines Trazodone combined may produce severe hypotension
Triazolam, alprazolam, haloperidol Nefazodone may inhibit metabolism of triazolo

benzodiazepines and haloperidol
Carbamazepine Anticoagulants Prothrombin time decreased

Cimetidine Carbamazepine levels increased
Desipramine Carbamazepine and desipramine levels increased
Diltiazem Neurotoxicity
Metoclopramide Neurotoxicity
Theophylline Theophylline concentration decreased
Thiazide diuretics Hyponatremia
Verapamil Carbamazepine levels increased

β-Adrenergic blockers Alcohol May block signs of delirium tremens
Cimetidine Decreased β-adrenergic blocker metabolism
Clonidine Paradoxical hypertension
Diltiazem Heart failure
Haloperidol Profound hypotension
Sulfonylureas Prolonged hypoglycemia with hypoglycemic overdose
Insulin Prolonged hypoglycemia with hypoglycemic overdose
Maprotiline Decreased maprotiline metabolism
Methyldopa Hypertensive reaction
Nifedipine Heart failure
Chlorpromazine Levels increased of both medications
Thioridazine Thioridazine levels increased

(continued)
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Drugs Interacting drugs Consequences
Sympathomimetic bronchodilators Decreased bronchodilation
Theophyllines Theophylline toxicity
Thiazide diuretics Cardiac arrhythmias
Verapamil Heart failure

Lithium Methyldopa Lithium toxicity
Phenytoin Lithium toxicity
Verapamil Neurotoxicity, bradycardia

Source. Reprinted with permission from Kennedy JS: “Adverse Drug Effects in the Older Adult,” in Drug-Induced Dysfunction in Psychiatry.
Edited by Kesharen MS, Kennedy JS. New York, Hemisphere, 1992, pp. 93–101.

APPENDIX 31–1. Significant potential drug-drug interactions in psychogeriatrics (continued)
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APPENDIX 31–2. Drug- and toxin-induced neuropsychiatric disorders

Depression Mania
Anxiety or
agitation Delirium Psychosis

Visual
hallucinations

Dementia-like
syndrome

Antihypertensive drugs
Clonidine
Oxprenolol
Propranolol
Reserpine
Methyldopa
Guanethidine
Hydralazine
Bethanidine
Captopril
Nifedipine
Prazosin

Cardiac glycosides
Antiarrhythmics

Procainamide
Lidocaine
Quinidine
Disopyramide

Antiparkinsonian drugs
Amantadine
Bromocriptine
Levodopa
Pergolide
Lisuride
Piribedil
Trihexyphenidyl
Procyclidine
Biperiden

Analgesics
NSAIDs
Salicylates
Narcotics
Ibuprofen
Phenacetin
Naproxen
Indomethacin

Anticonvulsants
Carbamazepine
Valproate
Phenytoin
Barbiturates
Ethosuximide
Clonazepam
Phenacemide
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Depression Mania
Anxiety or
agitation Delirium Psychosis

Visual
hallucinations

Dementia-like
syndrome

Sedative-hypnotics
Benzodiazepines
Chloral hydrate
Ethanol
Clomethiazole
Clorazepate

Meprobamate
Anticholinergics/antispasmodics

Atropine
Benztropine
Propantheline
Scopolamine
Dicyclomine
Hyoscyamine

Lithium
Antidepressants

TCAs
MAOIs
Bupropion
Trazodone
Fluoxetine
Sertraline
Maprotiline

Neuroleptics
Butyrophenones
Phenothiazines
Clozapine
Thiothixene
Molindone

Antidiarrheals
Diphenoxylate/atropine
Loperamide

Antimicrobial agents
Podophyllin
Penicillins
Sulfamethoxazole
Clotrimazole
Cycloserine
Dapsone
Ethionamide
Tetracycline
Griseofulvin
Metronidazole
Streptomycin

APPENDIX 31–2. Drug- and toxin-induced neuropsychiatric disorders (continued)
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APPENDIX 31–2. Drug- and toxin-induced neuropsychiatric disorders (continued)

Depression Mania
Anxiety or
agitation Delirium Psychosis

Visual
hallucinations

Dementia-like
syndrome

Antimicrobial agents
(continued)

Nitrofurantoin
Nalidixic acid
Antimalarials
Sulfonamides
Procaine penicillin
Thiocarbanilide
Acyclovir
Isoniazid
Mefloquine
Iproniazid
Cephalosporins
Ciprofloxacin
Amphotericin B

Antihistamines
(H1 blocking agents)

Diphenhydramine
Chlorpheniramine

H2 blockers
Cimetidine
Ranitidine

Drugs for urinary
incontinence

Oxybutynin
Flavoxate
Hyoscyamine

Withdrawal syndromes
Barbiturates
Alcohol
Benzodiazepines
Amphetamines
Chloral hydrate
Corticosteroids
Propranolol
Reserpine
MAOIs
TCAs
Caffeine
Meprobamate
Opiates

Hallucinogens
Phencyclidine
Indole hallucinogens
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Depression Mania
Anxiety or
agitation Delirium Psychosis

Visual
hallucinations

Dementia-like
syndrome

Hallucinogens (continued)
Cannabinols

Ketamine

Nitrous oxide

Antineoplastic drugs
Azathioprine

C-Asparaginase

Plicamycin (mithramycin)

Vincristine

6-Azauridine

Bleomycin

Trimethoprim

Interferon

Endocrine agents
Corticosteroids

ACTH

Oral contraceptives

Thyroid hormones

Triamcinolone

Norethisterone

Danazol

Clomiphene citrate

Central nervous system stimulants
Cocaine
Sympathomimetics
Amphetamine
Fenfluramine
Diethylpropion
Phenmetrazine
Caffeine
Methylphenidate
Pseudoephedrine
Pemoline
Isoetharine
Phenylpropanolamine
Ephedrine
Phenylephrine
Epinephrine
Isoproterenol

Miscellaneous drugs
Acetazolamide
Albuterol
Anticholinesterase
Aprindine

APPENDIX 31–2. Drug- and toxin-induced neuropsychiatric disorders (continued)
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APPENDIX 31–2. Drug- and toxin-induced neuropsychiatric disorders (continued)

Depression Mania
Anxiety or
agitation Delirium Psychosis

Visual
hallucinations

Dementia-like
syndrome

Miscellaneous drugs (continued)

Arsenic
Aspartame
Baclofen
Benzene
Bromide
Calcium
Carbon disulfide
Carbon monoxide
Choline
Cocaine
Cyclobenzaprine
Cyclosporin A
Cyproheptadine
Diethyl-m-toluamide
Diltiazem
Diphenoxylate
Disulfiram
Flutamide
Halothane
Heavy metals
Isosafrole
L-Glutamine
Manganese
Mebeverine
Meclizine
Mepacrine
Mercury
Methoserpidine
Methysergide
Metoclopramide
Metrizamide
Organophosphates
Oxandrolone
Oxymetholone
Pentazocine
Phenindione
Phosphorous
Pizotifen
Procaine
Procarbazine
Procyclidine
Propafenone
Salbutamol
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Depression Mania
Anxiety or
agitation Delirium Psychosis

Visual
hallucinations

Dementia-like
syndrome

Miscellaneous drugs (continued)

Tetrabenazine
Thallium
Theophylline
Tryptophan
Veratrum
Yohimbine
Zidovudine (AZT)

Note. NSAIDs = nonsteroidal anti-inflammatory drugs; TCAs = tricyclic antidepressants; MAOIs = monoamine oxidase inhibitors; H1 = hista-
mine subtype 1 receptor; H2 = histamine subtype 2 receptor; ACTH = adrenocorticotropic hormone.
Source. Adapted from Callahan (1992); Cummings (1985b, 1986); Estroff and Gold (1986); Hall et al. (1980); Levinson (1979); Morrison and
Katz (1989); Pascualy and Veith (1989); Sultzer and Cummings (1989); Williams and Caranasos (1992); K. A. Wood et al. (1988).

APPENDIX 31–2. Drug- and toxin-induced neuropsychiatric disorders (continued)
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Neurobehavioral Syndromes

Mark D’Esposito, M.D.

Awide variety of neurobehavioral syn-
dromes can arise from focal or diffuse

damage to the cerebral cortex. The mental status exami-
nation, as reviewed in Chapter 6 in this volume, is an ex-
amination of the cerebral cortex and subcortical struc-
tures with cognitive functions. It is helpful heuristically to
organize disorders of cognition in a fashion similar to
how the mental status examination is organized, that is,
by the principal cognitive domains—attention, language,
memory, visuospatial perception, and executive function.
One goal of this chapter is to review clinicoanatomical re-
lationships by describing the neuroanatomical correlates
of each of the cognitive domains. Knowledge of these
syndromes and their anatomical basis will allow the clini-
cian to accurately characterize the cognitive impairments
found in age-related disorders, leading to more accurate
diagnosis. For example, although Alzheimer’s disease and
Pick’s disease are both dementia syndromes, they differ
dramatically in their clinical presentation. Alzheimer’s
disease, which predominantly affects temporoparietal
cortex, presents as a disorder of memory, language, and
visuospatial skills, whereas Pick’s disease, which affects

frontotemporal cortex, presents as a disorder of executive
function and behavior.

Disorders of Attention

Attention is not a unitary concept, but rather it likely is
comprised of many related processes. For example, normal
attention requires 1) awareness of stimuli presented in
one’s environment, 2) the ability to voluntarily focus one’s
attention on a specific stimulus, 3) the ability to resist other
stimuli by suppressing an involuntary shift of attention,
4) the ability to shift attention quickly and smoothly and
the ability to decide which of many competing stimuli
should be the focus of one’s attention, and 5) the ability to
redirect that focus by voluntary control (Geschwind 1982).
It is not currently possible to attribute each of these pro-
cesses to specific regions of the brain. Attention can be im-
paired after focal or diffuse insults to the brain. If focal,
damage will be within a network of brain regions that in-
cludes the ascending pathways of the mesencephalic
reticular activating system or thalamocortical projections
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729



to association areas within parietal and prefrontal cortex
(Mesulam 1985). If diffuse, the spectrum of etiologies caus-
ing impaired attention is broad, such as ingestion of pre-
scription or nonprescription drugs, metabolic derange-
ments, or infections (Lipowski 1990).

Acute Confusional State

Acute confusional state, also referred to as delirium, is de-
fined as a disorder of attention. This syndrome is described
in detail in Chapter 19 in this volume. In brief, the onset of
this syndrome is sudden, and the level to which a patient
can maintain attention often fluctuates, either from minute
to minute or hour to hour. The patient may concurrently
have altered alertness, but attentional difficulties can be
present in the setting of completely intact alertness. Be-
cause attention is critical for all other types of information
processing, patients will often exhibit deficits in other cog-
nitive domains such as memory, perception, and executive
function, even though there is not focal damage to the ana-
tomical structures that support these abilities.

As mentioned, acute confusional states typically arise
from diffuse damage to the brain. Rarely, focal damage will
cause acute confusion. A middle cerebral artery causing
right parietal lobe damage (Mesulam et al. 1976) or unilat-
eral posterior cerebral artery strokes involving the
parahippocampal-fusiform-lingual gyri (Medina et al.
1974) can present as confusion. On the surface, patients
with Wernicke’s aphasia secondary to a middle cerebral ar-
tery stroke will appear confused, although the deficit is of
language and not attention. These patients will not be mak-
ing any sense when they speak and will not understand what
other people are saying to them. Attributing the deficit to a
confusional disorder is a common misinterpretation of the
patient’s clinical problem, especially among family mem-
bers or friends who are the first to encounter the patient at
the time of the stroke.

Syndrome of Neglect

The most important function subserved by the right hemi-
sphere is the ability of individuals to direct their attention
into their environment. It is postulated that the right hemi-
sphere can direct attention into both the left and right half
of space, whereas the left hemisphere mostly directs atten-
tion into the right half of space (Mesulam 1985). Thus,
damage to the right hemisphere will cause a deficit direct-
ing attention into the left visual space. This deficit is known
as neglect and is defined as the inability to respond to or ac-
knowledge stimuli present in the left hemispace (Heilman
and Valenstein 1991). Although neglect can also occur after

left hemisphere lesions, it is much more common and more
severe after right hemisphere damage. Neglect is one of
several impairments that are more commonly found after
damage to the right hemisphere (Table 32–1).

Studies of patients with right hemisphere damage have
demonstrated that there are at least three forms of neglect:
attentional, representational, and intentional (Heilman
and Valenstein 1991). Evidence indicates that four major
cerebral regions (Figure 32–1) provide an integrated net-
work for directing attention within extrapersonal space
and inner representations (Mesulam 1981). Attentional ne-
glect is the failure to attend to stimuli in the left hemispace.
This type of neglect is easily demonstrated on the clinical
examination. The patient seems to ignore people on their
left side or will not eat items on the left side of their plate.
On formal mental status testing, the patient will showed
marked rightward deviation when attempting to bisect a
line in half. Another easy test for neglect is to place a num-
ber of lines on a blank page and ask the patient to cross off
all of the lines. The patient will cross off lines on only the
right side of the page and fail to acknowledge that there are
lines on the left side of the page. A writing sample, line can-
cellation test, and clock drawing from a patient with ne-
glect are provided in Figure 32–2.

It is vital that the clinician be able to recognize the dif-
ference between left visual neglect and left visual
hemianopia, that is, the inability to see in the left visual
field. The latter is a result of damage to the visual system,
usually at the level of the optic radiations in the temporal
and parietal lobes or primary visual cortex in the occipital
lobes. When the line bisection or line cancellation test is
given to patients with neglect or a visual field deficit, per-
formance may be identical. One way to distinguish be-
tween these two possibilities is to move the piece of paper
with target stimuli into the right visual field of the patient.
The patient with the left visual field deficit should now be
able to see the targets and bisect or cross them off correctly.
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TABLE 32–1. Clinical characteristics of the right
hemisphere syndrome

Cognitive impairment
Neglect
Visuospatial impairment
Aprosody
Motor impersistence

Behavioral impairment
Denial of illness (anosognosia)
Variety of behavioral deficits including agitation and

delusions



The patient with neglect will continue to avoid the left side
of the page regardless of where the target stimulus is in
their field of view. Unfortunately, some patients with ex-
tensive right hemisphere damage will demonstrate both
neglect and a visual field deficit. In these patients, it may be
impossible to disentangle these two phenomena.

Another important point for clinicians is that neglect
may not be limited to the visual modality. When visual
stimuli are presented simultaneously in opposite visual
fields, patients with neglect will extinguish stimuli pre-
sented in the left visual field. That is, patients will fail to ac-
knowledge stimuli in the left field only under simultaneous
conditions, not during single presentation in the left field.
This same phenomenon can occur with simultaneous pre-
sentation of auditory or tactile stimuli. The most common
site of damage causing attentional neglect is in the poste-
rior parietal lobe (Heilman et al. 1983). However,
attentional neglect can also occur after subcortical lesions
such as in the posterior thalamus (Watson and Heilman
1979).

A second type of neglect is called representational ne-
glect. This type of neglect is manifested as a loss of the in-
ternal mental representation of the space opposite the side
of the lesion. For example, when a group of patients with
right hemisphere lesions were asked to imagine that they
were facing a well-known cathedral in a square in Milan,
they were unable to recall details regarding the left side of
the square. However, when they were asked to imagine
themselves facing away from the cathedral (i.e., their backs
toward the cathedral), they were able to recall those
left-sided details that were now on their right (Bisiach and
Luzzatti 1978). Like patients with attentional neglect, pa-
tients with representation neglect also tend to have poste-
rior lesions.

A third type of neglect, action-intentional neglect, is a
unilateral deficit of motor program activation that causes
reduced and delayed movements to the contralesional side
(Coslett et al. 1990). Thus, despite being aware of stimuli in
the left side of space, patients will fail to respond to stimuli
on the left side. For example, if patients were blindfolded
and asked to find all the items that were spread across a ta-
ble, they would be reluctant to move their right hand into
the left side of the table for exploration. Intentional neglect
is most common after frontal (or anterior) lesions.

Disorders of Language

Distinction Between
Speech and Language

Damage to the frontal, temporal, and/or parietal cortex
will usually cause aphasia (Alexander and Benson 1991).
Aphasia is defined as a disturbance of language, that is, the
set of symbols that humans use as a means for communica-
tion. In contrast, speech is defined as the mechanical pro-
cesses of language production, such as articulation and
phonation. The major difference in the neural substrate for
these disorders is that a lesion in the left hemisphere gener-
ally causes impairments in language, whereas damage to
any component of the motor system for vocalization can
cause impairment in speech. For example, a motor neuron
disease such as amyotrophic lateral sclerosis or a muscle
disease such as myasthenia gravis can cause a speech distur-
bance leaving language completely intact. A language dis-
turbance, or aphasia, is specifically a result of cortical or
subcortical brain damage.

Left Hemisphere Is Dominant for
Language—With a Few Exceptions

It is believed that in as many as 99% of right-handers and
70% of left-handers, language is subserved by the left
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hemisphere and brain injury on that side will cause aphasia
(Benson and Geschwind 1985). Because more than 90% of
the population reports themselves as right-handed, the vast
majority of patients encountered with aphasia will have left
hemisphere damage. In contrast, a very small percentage of
right-handers, less than 1%, and up to 30% of left-handers
have language subserved by the right hemisphere and can
develop an aphasic syndrome from damage to the right
hemisphere. Because aphasias resulting from right hemi-
sphere lesions are fairly uncommon, they have not been
studied extensively, but a few clinical observations have
been made (Alexander et al. 1989). First, right-hemisphere
lesions can cause two types of aphasia. In the first situation,
the aphasia appears to manifest the identical clinical mani-
festations as if it were a result of damage in the left hemi-
sphere. For example, right anterior lesions will cause a

nonfluent aphasia. Alternatively, aphasia resulting from a
right hemisphere lesion can appear quite anomalous. For
example, anterior lesions may cause a fluent aphasia. Sec-
ond, although the right hemisphere, especially in
left-handers, sometimes subserves language, right hemi-
sphere functions such as directed attention and visuospatial
skills often can be retained on that side. As one can envi-
sion, a large lesion in the right hemisphere in some
left-handers can cause a profound cognitive disorder.

Anatomy of Language

The left hemisphere contains an organized distributed net-
work for language function. Lesions in anterior portions of
the brain, or in the frontal cortex, will cause impairments in
the ability to produce fluent output, yet auditory compre-
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FIGURE 32–2. Examples of performance of a patient with neglect from right hemisphere lesions on handwriting sample
(panel A), line cancellation test (panel B), and clock drawing (panel C). In each of the samples, the left side of the page is ignored.



hension of language is relatively preserved. The classic an-
terior aphasia is Broca’s aphasia. Alternatively, damage to
posterior portions of the brain, in the temporal and parietal
lobes, will not cause a problem with producing fluent out-
put but will cause a significant deficit in auditory compre-
hension of language. The classic posterior aphasia is
Wernicke’s aphasia. Large lesions that extend both anteri-
orly and posteriorly result in global aphasia, that is, that
demonstrated in patients who are nonfluent and have a sig-
nificant comprehension impairment. Damage to the arcu-
ate fasciculus, the white matter bundle connecting
Wernicke’s and Broca’s areas, will cause deficits in repeti-
tion of spoken language, called a conduction aphasia. Each
of these aphasias is usually a result of occlusion of branches
of the middle cerebral artery that supplies the lateral sur-
face of the cerebral hemispheres. Damage in watershed ter-
ritories of the brain (borderzones between the middle cere-
bral artery and the anterior or posterior cerebral artery),
which leaves Broca’s area, Wernicke’s area, and the arcuate
fasciculus intact, will cause transcortical aphasias, which
are characterized by a perseveration of the ability to repeat
spoken language. Damage almost anywhere in the left
hemisphere will cause anomia, or a word-finding deficit.
Also, many aphasic syndromes will recover into an anomic
aphasia. These clinicoanatomical relationships are illus-
trated in Figure 32–3. It is also important to note that iso-
lated subcortical lesions involving the striatum or the
thalamus can cause each of the principal aphasic syndromes
(D’Esposito and Alexander 1995; Mega and Alexander
1994). The characteristic features of each of the classic
aphasic syndromes are presented in Table 32–2.

Aphasic Syndromes:
Nonfluent Versus Fluent

Nonfluent aphasic syndromes. Broca’s aphasia is
a result of a lesion in the posterior portion of the inferior
frontal gyrus, or frontal operculum. The most common
cause of Broca’s aphasia is a stroke in the territory of the su-
perior division of the middle cerebral artery. Poor fluency,
good comprehension, and poor repetition define it. These
patients use short phrases (less than four to five words),
have reduced grammatical form, poor articulation, and
prosody. It is important to know that even though these pa-
tients have good functional comprehension, they may have
problems understanding syntactically complex utterances
such as interpreting the following sentence: The boy was
chased by the girl who was fast. Who is being chased?

Broca’s aphasia is usually accompanied by a right-sided
sensorimotor deficit as well as buccofacial and left limb

ideomotor apraxia. Ideomotor apraxia is defined as the in-
ability to produce a learned motor activity in the absence of
sensorimotor impairments or a failure to understand the
task (Geschwind 1975). Most patients will perform better
when they are asked to carry out whole-body or eye move-
ments. Buccofacial apraxia usually suggests damage to
frontal opercular cortex in the left hemisphere, whereas
limb apraxia usually suggests left parietal damage (Alexan-
der and Benson 1991).

Global aphasia is a result of a large lesion that includes
both Broca’s and Wernicke’s areas and is usually caused by a
compete middle cerebral artery territory stroke. Poor flu-
ency, poor comprehension, and poor repetition define it.
Patients’ deficits may range from a complete lack of output
and understanding to the ability to produce a few stereo-
typed phrases that carry no meaning and understanding of
some gestures. Interestingly, even patients with aphasia
with severe comprehension deficits may understand an ex-
aminer’s gestures. These preserved abilities can sometimes
lead to an underestimation of the severity of their compre-
hension deficit. Also, the patient may retain many prag-
matic skills that are involved in everyday conversation,
such as knowing when to speak and when to pause and lis-
ten. Global aphasia is usually accompanied by a right-sided
sensorimotor deficit, as well as a visual field deficit.

Transcortical motor aphasia is a result of a lesion in the
watershed territory between the anterior and middle cere-
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FIGURE 32–3. Schematic diagram of the anatomical loca-
tion of lesions that cause each of the classic aphasic syn-
dromes. Combined damage to Broca’s and Wernicke’s
area = global aphasia; damage to arcuate fasciculus = conduc-
tion aphasia; 4 = transcortical motor aphasia; 5 = transcortical
sensory aphasia; 6 = anomic aphasia.



bral artery or to a medial left frontal lesion. Poor fluency
yet good comprehension and repetition define it. The
striking finding in these patients, in contrast to patients
with Broca’s aphasia, is their ability to repeat phrases that
they cannot produce spontaneously, called echolalia. Pa-
tients often repeat the examiner’s utterance. Transcortical
motor aphasia is usually accompanied by right hemi-
akinesia, that is, a lack of initiation of movement of the right
side despite adequate strength.

Fluent aphasic syndromes. Wernicke’s aphasia is a
result of a lesion that causes extensive damage to the poste-
rior region of the left superior temporal gyrus (Wernicke’s
area). The most common cause is a stroke in the territory of
the inferior division of the middle cerebral artery. Good
fluency, poor comprehension, and impaired repetition de-
fine it. These patients have normal articulation and pros-
ody and can produce sentence-length phrases effortlessly.
Their spontaneous speech can be filled with phonemic
paraphasias, semantic paraphasias, or neologisms.
Paraphasias are substitutions for or within words. Seman-
tic paraphasias are substitutions of words of similar mean-
ing (e.g., “knife” for “spoon”). Phonemic paraphasias are
sound substitutions (e.g., “scoon” for “spoon”). A neolo-
gism is a nonsense word such as “platin.” Comprehension
deficit can be mild, as when the patient has difficulty only at
the sentence level, or severe, as when the patient is im-
paired even at attempting to understand single words.
These patients may have similar impairments in reading
and writing. Unlike many patients with nonfluent aphasia,
patients with fluent aphasia may have several profound be-
havioral impairments such as anosognosia (unawareness of
one’s illness), perseveration, and agitation. Because the le-
sion is in posterior portions of the brain, a sensorimotor
deficit is rarely found. Visual pathways are usually inter-
rupted as they course through the temporal lobe on their
way to the visual cortex, manifesting as a visual field deficit
in the right upper quadrant of space.

Conduction aphasia is a result of a lesion that causes

damage to the arcuate fasciculus as it courses through the
left inferior parietal lobe (supramarginal gyrus). Good flu-
ency, good comprehension but poor repetition define it.
The output of patients with conduction aphasia consists of
abundant phonemic paraphasic errors especially during
repetition. These patients often do not have any other neu-
rological deficits.

Transcortical sensory aphasia is a result of a lesion in the
watershed territory between the posterior and middle ce-
rebral artery. It is defined as good fluency, good repetition,
but poor comprehension. This syndrome is similar to
Wernicke’s aphasia with spared repetition. These patients
usually do not have a sensorimotor deficit but may have a
visual field cut.

Anomic aphasia is usually a result of a small lesion in the
temporoparieto-occipital junction. It is defined as good
fluency, repetition, and comprehension, but with a
word-finding deficit. Essentially all patients with aphasia
are anomic, but anomic aphasia refers to a syndrome in
which word finding is the only deficit. It is also important to
realize that many aphasic syndromes can recover into an
anomic aphasia.

Related Syndromes

Aphemia refers to an isolated speech (not language) distur-
bance resulting from a cortical lesion restricted to the
lower motor cortex (Schiff et al. 1983). Another term that is
used is cortical dysarthria. Gerstmann syndrome is a clinical
concept of limited usefulness but is commonly referred to
in the clinical world. It refers to the tetrad of agraphia,
acalculia, right-left disorientation, and finger agnosia
(Strub and Geschwind 1974). Finger agnosia generally re-
fers to the inability to name fingers. Damage to the inferior
parietal lobule can cause this syndrome. However, because
many of these signs are seen in many types of aphasia, its
utility in clinicoanatomical correlation is limited. Alexia re-
fers to acquired inability to read; agraphia refers to the in-
ability to write. Most aphasic syndromes with a deficit in
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TABLE 32–2. Characteristic features of classic aphasic syndromes

Aphasia syndrome Fluency Comprehension Repetition
Anomic Good Good Good
Conduction Good Good Poor
Transcortical sensory Good Poor Good
Wernicke’s Good Poor Poor
Transcortical motor Poor Good Good
Broca’s Poor Good Poor
Global Poor Poor Poor



spoken language also have a similar deficit in reading and
writing. Alexia without agraphia refers to the syndrome in
which patients cannot read despite the preserved ability to
write. Alexia results from a lesion in the left posterior cere-
bral artery territory, which includes the left occipito-
temporal lobe and splenium of the corpus callosum
(Damasio and Damasio 1983). Alexia is accompanied by a
right hemianopia and, because of the splenial lesion, visual
information projected to the right occipital cortex is cut off
from the left hemisphere language center.

Disorders of Memory

Theoretical Model of Memory

A better understanding of memory disorders can be de-
rived from a proper understanding of the theoretical dis-
tinctions of memory that have been developed by psychol-
ogists studying healthy humans. Such work has led to the
proposal of several subdivisions of long-term memory
(Squire 1987). One of the most widely accepted is a dichot-
omous classification of declarative versus procedural mem-
ory as illustrated in Figure 32–4.

Declarative memory represents memories of episodes
and facts that can be consciously accessed, and procedural
memory represents memory for skills. Unlike declarative
memory, procedural memory is not available to our con-
sciousness. Procedural memories can be either motor skills
or mental procedures such as performing complex arith-
metic. Declarative memory can be further subdivided into
episodic and semantic memory (Tulving 1985). Episodic mem-
ory represents memories for specific personally experi-
enced episodes. In contrast, semantic memory represents
memories of facts, principles, and rules that make up our

general knowledge of the world. It is proposed that seman-
tic memories have evolved from specific episodes when
such information was first encountered, but with the pas-
sage of time these episodes lose their temporal context
(Cermak 1984). An illustration of these distinctions is that
you may recall when you last rode your bicycle (episodic
memory), know what a bicycle is (semantic memory), or
know how to ride a bicycle (procedural memory) (Parkin
1993).

Another proposed classification of memory is a divi-
sion between explicit and implicit memory (Schacter 1987).
Explicit memory includes conscious recollection of any type
of memory encompassing both episodic and semantic
memories. Implicit memory does not require conscious rec-
ollection and would include procedural memory, but the
implicit memory domain would also account for the phe-
nomena of priming and classical conditioning. Priming is
the phenomenon that previously encountered information
has an increased probability of being recalled later even if
there is no explicit recall of the earlier (“priming”) experi-
ence (Tulving and Schacter 1990). For example, in a
prototypical priming experiment, the subject is first pre-
sented with a list of words to read (e.g., motel, abstain,
house). Subsequently, the subject is given three-letter
stems (e.g, mot-) and is asked to produce the first word
that comes to mind. The probability of generating a pre-
viously encountered word (e.g., motel) is increased com-
pared with the probability of generating words not on
the original list.

In clinical practice, the usage of the terms to describe
memory processes has become imprecise and has not al-
ways followed these theoretical constructs. Many clini-
cians use the terms short-term memory to refer to learning
new episodic information and long-term memory to refer
to remote memories. This clinically sensible distinction
does not, however, conform to experimental models of
memory structure and only creates confusion when used in
clinical reports. Short-term memory is properly defined as a
system that temporarily (for seconds) stores information
before becoming consolidated into long-term memory.
Short-term memory (or working memory) can be tested
with a span task such as digit span or pointing span, and
long-term memory is tested by asking the subject to learn
items that must be retrieved after an interval with distrac-
tion. The term amnesic syndrome properly refers to the loss
of long-term memory only. Remote memory is information
that has been consolidated in the past and may now be con-
sidered episodic, semantic, or procedural, depending upon
its structure. Each of these systems (short-term memory,
long-term memory, and remote memory) has a distinct an-
atomical basis.
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Anatomy of Memory

The report of the patient H.M. in 1957 demonstrated con-
clusively that the hippocampus was critical for long-term
memory (Scoville and Milner 1957). H.M. had intractable
epilepsy and underwent bilateral surgical excision of the
hippocampus and amygdala. After surgery, H.M. was left
with a dense and isolated amnesia that has not changed in
severity to this day. Anatomical studies in nonhuman pri-
mates with experimental lesions of the medial temporal
lobe support the importance of this region in declarative
memory (Squire and Zola-Morgan 1991). These studies
and correlative lesion studies in humans have shown that
the hippocampus and amygdala are part of a critical neural
network that exists to subserve memory functioning
(Zola-Morgan and Squire 1993). The anatomical struc-
tures supporting memory are illustrated in Figure 32–5.

This memory network has two anatomical loops or cir-
cuits (Mishkin 1978, 1982). The first circuit, called the
Papez circuit, includes the hippocampus that projects via
the fornices to the mammillary bodies. Via the mammil-
lothalamic tract, the mammillary bodies project to the an-
terior nuclei of the thalamus, which in turn send projec-
tions to the posterior cingulate cortex. The circuit is
completed by projections from the cingulate back to the
hippocampus. Within this circuit are also important recip-
rocal connections between the hippocampus and basal
forebrain, via the fornix. The basal forebrain is a term that
includes the septal nucleus, diagonal band of Broca, and
nucleus basalis of Meynert. The second circuit includes the

amygdala that projects to the dorsomedial nucleus of the
thalamus via amygdala fugal pathways. The dorsomedial
nucleus sends projections to the prefrontal cortex that has
direct reciprocal connections with the amygdala, complet-
ing the loop. In nonhuman primates, damage to either
pathway alone does not result in amnesia, but damage to
both of these two memory circuits will produce profound
amnesia (Mishkin 1978). Memory deficits may be caused
by a lesion anywhere within this neural network, including
pathways that connect critical structures (e.g., the fornix)
(D’Esposito et al. 1995; Gaffan and Gaffan 1991).

Thus, three main regions with critical pathways that
interconnect them form a network for memory function-
ing. These are the medial temporal lobes, the diencephal-
on, and the basal forebrain. Human studies have consis-
tently supported this anatomical model. For example,
H.M. demonstrates the classic example of damage to me-
dial temporal lobes. The best-studied example of amnesia
resulting from damage of the diencephalon is Korsakoff’s
syndrome (KS), which causes damage to both the
mammillary bodies and the dorsomedial nucleus of the
thalamus (Victor et al. 1971). Isolated lesions of the basal
forebrain occur most commonly after anterior communi-
cating artery aneurysm rupture and can result in dense am-
nesia (Alexander and Freedman 1984; D’Esposito et al.
1996). This region has strong reciprocal connections with
the medial temporal lobe. Also, the nucleus basalis projects
widely to the cortex and is the primary source of cortical
cholinergic input. Patients with Alzheimer’s disease have
early and profound memory loss and a marked reduction of
neurons in this region (Whitehouse et al. 1981). Thus,
damage to the medial temporal lobes, diencephalon, basal
forebrain, or the pathways that interconnect these regions
can cause severe impairments in long-term memory, also
called anterograde amnesia. An important target of the me-
dial temporal lobes and the diencephalon is the prefrontal
cortex, which has emerged as an important region that also
contributes to long-term memory function, but its main
function is to subserve short-term memory.

Other types of memory processes are not dependent
on these circuits. For example, isolated impairments in re-
mote memory, also called retrograde amnesia, are caused
by extensive damage to the anterior temporal lobes and not
the medial temporal lobes (Kapur 1993). Procedural mem-
ory impairments are found in patients with damage to the
basal ganglia and cerebellum (Gabrieli 1998).

Patterns of Amnesia

Specification of lesion sites associated with amnesia has led
to investigation of possible differences in the pattern of

736 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION

FIGURE 32–5. Neuroanatomical structures involved in
memory function. Gray-shaded structures are part of the
hippocampal circuit; white structures are part of the amygdala
circuit. AN = anterior nucleus of the thalamus; DM = dorso-
medial nucleus of the thalamus; Mam bodies = mammillary
bodies.



memory loss with different lesion sites. Although each of
the regions that, when damaged, cause amnesia is part of
the same functional network subserving memory, it is pos-
sible that damage to different regions in the network affects
different stages of memory processes, leading to different
patterns of deficits (Parkin 1984).

Amnesia produced by bilateral medial temporal amnesia
has the following characteristics. Short-term memory is
normal. Long-term memory is severely impaired (antero-
grade amnesia). Once learned, information in long-term
memory is very rapidly forgotten. Semantic memory is
generally preserved, although acquisition of new semantic
knowledge is deficient (Gabrieli et al. 1988) and retrieval of
general semantic knowledge can be subtly defective after
medial temporal damage (Barr et al. 1990). Remote mem-
ory of personal events (retrograde amnesia) is variably af-
fected, but in cases with damage limited to the hippocam-
pus the retrograde deficit is usually restricted to a brief
period (weeks to a few years) before the injury (Corkin
1984). All implicit memory tasks are performed normally
(Corkin 1968).

The classic contrasting example of diencephalic amnesia
has been KS. Patients with KS have many similarities to pa-
tients with medial temporal damage (Butters and Stuss
1989). They also have normal short-term memory, severe
anterograde amnesia, rapid rates of forgetting, normal se-
mantic memory, and normal implicit memory. The major
differences between KS and medial temporal lesions are in
retrograde amnesia. Patients with KS have a more severe
retrograde amnesia, often showing a temporal gradient
with better recall of more remote information (Albert et al.
1979).

Patients with frontal lobe damage have long-term mem-
ory impairments. They differ from those with medial tem-
poral damage in obvious ways; they are not amnesic as de-
fined above. The impairments in memory seem to be a
result of inefficiencies caused by poor attention or poor ex-
ecutive function (Hecaen and Albert 1978). The most con-
sistent finding in patients with frontal lesions is impair-
ment in multiple-trial list learning tasks (Janowsky et al.
1989). On this task, they fail on recall measures but have
generally normal performance on recognition measures.
This has been interpreted as defective retrieval, a function
that requires strategy and effort, as opposed to normal stor-
age, a function that is more passive. Patients with frontal le-
sions also have a number of specific impairments in mem-
ory (Shimamura 1995). They are defective in recall of
temporal order, that is, recalling the context of learned
items, even when they can remember these items. Finally,
they have defective metamemory, that is, they are poor
judges of knowing what they remember and how well their

memory functions. Damage to the prefrontal cortex will
also cause a severe deficit in working memory (or
short-term memory), which refers to the ability to tempo-
rarily store and manipulate information (Baddeley 1986).
Elegant investigations in monkeys have shown that the
prefrontal cortex is critical for the formation and storage of
representations for short periods of time (Fuster 1997;
Goldman-Rakic 1987).

Disorders of Visuoperception

The visual system extends from early striate and extra-
striate cortex within the occipital lobe to the temporal and
parietal association cortex. The visual system is organized
into two streams, dorsal and ventral. The dorsal stream in-
cludes posterior parieto-occipital regions, whereas the
ventral stream includes inferior medial temporo-occipital
regions (Figure 32–6). Connections among these visual
streams allow for progressively more complex processing
of visual stimuli. Nonhuman primate lesion studies
(Ungerleider and Mishkin 1982) as well as studies of pa-
tients with focal brain injury (Newcombe et al. 1987) have
supported the notion that the dorsal stream supports spa-
tial processing of stimuli (“Where is it?”), whereas the ven-
tral stream supports the recognition of stimuli (“What is
it?”). Bilateral damage to the earliest stages of visual pro-
cessing within striate cortex will cause cortical blindness.
Sometimes accompanying cortical blindness is Anton’s
syndrome, which is characterized by a patient’s unaware-
ness and denial of visual loss. This phenomenon is similar
to the unawareness of left hemiplegia that is seen in patients
with neglect resulting from right hemisphere lesions.
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FIGURE 32–6. Dorsal and ventral visual streams.



Dorsal Visual Systems

Damage within the posterior parietal cortex will cause defi-
cits in spatial processing. Patients with right hemisphere
damage perform more poorly than those with left hemi-
sphere damage on tests of spatial processing such as judg-
ment of line orientation (Benton et al. 1975) or mental ro-
tation (Ditunno and Mann 1990). However, there is
evidence that the left hemisphere also plays a role in spatial
processing (Mehta and Newcombe 1991). A common way
at the bedside to demonstrate the spatial deficit in patients
with brain damage is to ask them to copy a drawing. Dam-
age to either the left or right parietal lobe can cause a pa-
tient to produce an accurate copy of a figure, but the nature
of the impairment differs. For example, a patient with left
hemisphere damage will likely produce a figure that lacks
details and is oversimplified but that retains its overall spa-
tial configuration. In contrast, a patient with right hemi-
sphere damage will likely produce a figure that is disorga-
nized, possibly with parts in isolation but without an
appropriate overall spatial configuration (Patterson and
Zangwill 1944). An example of a copy of a drawing by a pa-
tient with focal injury is shown in Figure 32–7.

Balint’s syndrome is a striking example of a disorder of
spatial processing and refers to the triad of optic ataxia, oc-
ular apraxia, and simultagnosia (Pierrot-Deseilligny et al.
1986). This syndrome typically occurs after bilateral dam-
age to the parieto-occipital junction as a result of a water-
shed infarction between the middle and posterior cerebral
arteries. Inferior visual field deficits can accompany these
deficits. Optic ataxia is the inability to reach for a target un-
der visual guidance. Ocular apraxia is the inability to visu-
ally scan one’s environment by shifting gaze toward new vi-
sual stimuli. Simultagnosia refers to the inability to
perceive the environment as a whole (Coslett and Saffran
1991). For example, if a patient was shown a complex scene
in a magazine, he or she would be able to point out the de-
tails or parts of the scene (e.g., a bicycle) but would be un-
able to describe the entire scene (e.g., a bicycle race up a
large hill in the mountains). In severe forms of this syn-
drome, patients are functionally disabled and essentially
act as if they are blind.

Ventral Visual Systems

Damage within inferomedial temporo-occipital cortex will
cause deficits in recognition of stimuli. Visual object agnosia
refers to the inability to recognize objects through the vi-
sual modality despite intact elementary visual perception
and other cognitive abilities (Farah 1990). This rare and
unusual disorder has been further subdivided into

apperceptive and associative types. Patients with
apperceptive agnosia cannot “see” objects (Benson and
Greenberg 1969). They cannot describe, match, or draw a
picture of an object. Patients with associative agnosia can
“see” the object but cannot recognize it (Rubens and
Benson 1971). These patients can make perfect copies of
the objects that they are unable to recognize (Figure 32–8).
Presumably, in apperceptive agnosia, the visual image has
been processed within striate cortex to extract the most ele-
mentary features, but a useful visual image cannot be
formed because of a failure at the perceptual level. In asso-
ciative visual agnosia, damage to the visual system presum-
ably occurs after a stable visual image has been formed, but
this percept cannot be used to access the knowledge of the
object. Associative agnosia is caused by bilateral
temporo-occipital damage typically a result of basilar
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FIGURE 32–7. Illustration of impaired Rey figure copy
(bottom panel) as compared with the target figure (top panel)
from a patient with a right parietal lesion.



artery occlusion or embolic events to both posterior cere-
bral arteries, although visual agnosia can occur after unilat-
eral damage to either hemisphere (Levine 1978; McCarthy
and Warrington 1986). In addition to object agnosia, these
patients usually have bilateral upper visual field deficits and
can also have prosopagnosia, alexia, achromatopsia (i.e., in-
ability to perceive color), or topographical disorientation.
Apperceptive agnosia more typically occurs after diffuse
injuries, such as cerebral hypoxia.

Patients with visual agnosia can recognize an object by
other modalities such as touching it or from its spoken defi-
nition, demonstrating that they have not lost the meaning
of the object. The deficit in visual agnosia is also not merely
a deficit in naming the object since patients cannot identify
the object by nonverbal means such as pantomiming its use.
Alternatively, optic aphasia refers to a syndrome that oc-
curs when a patient cannot name an object when presented
only visually but can clearly identify it through another
means (Coslett and Saffran 1989).

Prosopagnosia refers to the selective inability to recog-
nize faces and can be considered a distinct form of visual
agnosia. Patients are able to recognize familiar faces such as
relatives via other means such as their voice, clothes, or

body shape. In some patients the impairment has not been
limited to human faces in that patients can have difficulty
recognizing other classes of visually similar objects such as
specific types of cars or cows in a dairy herd (Damasio et al.
1982). Prosopagnosia arises after lesions of the infero-
medial temporo-occipital lobe develop, usually as a result
of a posterior cerebral artery infarction. Most early, large
clinical surveys of prosopagnosia have concluded that bi-
lateral lesions are necessary (Damasio et al. 1982), but more
recent reviews have demonstrated that prosopagnosia can
occur with damage confined to the right hemisphere (De
Renzi et al. 1994).

Disorders of Executive Function

Anatomy of Executive Function

The frontal lobes can be divided into three major subdivi-
sions: the motor/premotor cortex, the limbic cortex, and
the prefrontal cortex. The prefrontal cortex, which is
multimodal association cortex, has afferent and/or efferent
connections to practically all areas of association cortex in
the parietal, temporal, and occipital lobes (Fuster 1997). In
addition, there are connections to the premotor cortex
(and therefore indirect connections to primary motor cor-
tex); the limbic cortex (including the cingulate gyrus,
amygdala, and hippocampus); the basal ganglia (the
caudate and putamen); the thalamus (predominantly the
dorsomedial nucleus); the hypothalamus; and the
brainstem. Also, a number of connections exist within the
frontal cortex, but these pathways are still poorly under-
stood. Therefore, it is clear that the prefrontal cortex is in
direct communication with almost every area of the brain
(sensory, motor, and limbic systems) and plays a vital role in
almost every function of the brain. Damage to prefrontal
cortex causes impairment in behavior as well as high-level
cognitive abilities, which have collectively been called ex-
ecutive function (Stuss and Benson 1986).

Behavioral Deficits After
Prefrontal Damage

A number of behavioral alterations can occur as a result of
damage to prefrontal cortex. Such damage usually results
in socially inappropriate behavior and difficulty in per-
forming actions that require appropriate decisions and
planning. Of course, the normal variation and range of hu-
man behavior must be taken into account when making any
determination of impairment. The patient’s age, educa-
tional level, social and cultural group, and previous
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FIGURE 32–8. Copies of various figures from a patient
with apperceptive agnosia. Each of these figures, which were
copied accurately, could not be recognized visually.



achievements are important factors to consider. Many of
the alterations in behavior overlap with the range of normal
behavior, and big lesions may appear silent unless a com-
parison is made to the patient’s previous state. It is also im-
portant to keep in mind that any combination of these be-
haviors can be observed in any single patient.

Patients with prefrontal damage can show a lack of ap-
preciation for and disregard of social rules and restrictions.
Patients can appear impulsive, disinhibited, or, in the ex-
treme, out of control, exhibiting short periods of anger or
rage. An example of this behavior was the change noted in
the famous patient Phineas Gage. Before his accident, he
was a religious, family-loving, honest, and hardworking
man who was described after his frontal injury as “fitful, ir-
reverent, indulging at times in the grossest profan-
ity . . . impatient of restraint or advice when it conflicts
with his desires . . . obstinate, devising many plans of oper-
ation, which are no sooner arranged than they are aban-
doned in turn for others appearing more feasible” (Harlow
1868). In contrast, patients with prefrontal damage may
show a flat affect, blunted emotional response, and de-
crease in drive. An example of this behavior is evident in the
following description of a different patient with a frontal
injury: “He was quiet, did not initiate conversation, and ap-
peared remote and withdrawn. Although frequently incon-
tinent, he was unconcerned and almost never initiated an
attempt to remedy the status” (Benson 1994). Self-
awareness may be considered one of the highest cognitive
attributes of the frontal lobes.

Although patients with frontal damage have little im-
pairment of basic cognitive functions such as language and
visuoperception, they can have difficulty using these skills.
This problem is illustrated in the following case history:
“While being evaluated for the presence of diabetes
insipidus, the patient was instructed, ‘Don’t drink any wa-
ter; don’t go near the water fountain.’ Within a few minutes
he was observed having a drink at the water fountain. When
asked by the examiner what he had just been told, he imme-
diately replied: ‘Don’t drink any water; don’t go near the
water fountain.’ ” He had understood and remembered the
instructions, but this knowledge could not be used to con-
trol his actions (Benson 1994). His actions were clearly sep-
arated from his knowledge.

Cognitive Deficits After
Prefrontal Damage

Interestingly, extensive frontal lobe damage may have little
impact on the abilities measured by standardized intelli-
gence tests or other neuropsychological tests (see Chapter
7 in this volume), but these findings are in marked contrast

to the way that these patients perform in unintelligent ways
in real life (Shallice and Burgess 1991). Based on this obser-
vation, it is obvious that neuropsychological tests designed
for the laboratory do not always capture the abilities that
are necessary for success in real life. For example, “real-life
behavior requires heavy time processing demands (work-
ing memory) and a core system of values based on both in-
herited (drives, instincts) and acquired (education, social-
ization) information that is probably not necessary for
most artificial problems posed by neuropsychological
tasks” (Damasio and Anderson 1993).

Executive function, which is used to describe the type
of abilities that are impaired after prefrontal damage, is dif-
ficult to conceptualize and difficult to develop tasks to ex-
amine directly, especially at the bedside. The following im-
pairments are characteristic of executive dysfunction:

1. Inability to initiate, stop, and modify behavior in response
to changing stimuli. An impairment of this type is il-
lustrated when patients with frontal injury perform
the Wisconsin Card Sorting Test (Heaton 1985). In
this test, a deck of cards is presented one at time to a
patient who must sort each one according to various
stimulus dimensions (color, form, or number). Each
card from the deck contains from one to four identi-
cal figures (stars, triangles, crosses, or circles) in one
of four colors. The patient is told after each response
whether the response is correct or not and must infer
from this information only (the sorting principle is
not given by the examiner) what the next response
should be. After 10 correct sorts, the sorting princi-
ple is changed without warning. During this test, pa-
tients with frontal injury usually understand and can
repeat the rules of the test but are unable to follow
them or use knowledge of incorrect performance to
alter their behavior (Milner 1963).

2. Inability to handle sequential behavior necessary for orga-
nization, planning, and problem solving. Patients with
frontal injury often have no difficulty with the basic
operations of a given task. For example, when per-
forming complex mathematical problems requiring
multiple steps, the patient may initially respond im-
pulsively to an early step and will be unable to string
together and execute the component steps required
for solving the problem (Stuss and Benson 1984).
However, the ability to perform each of the mathe-
matical operations in isolation (e.g., adding and sub-
tracting) required to complete the complex task
might be intact. The problem “The price of canned
peas is two cans for 31 cents; what is the price of one
dozen cans?” is almost impossible for patients with
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frontal damage even though these patients perform
the direct arithmetical task of multiplying 6 times 31
with ease (Stuss and Benson 1984).

3. Inability to inhibit responses. This impairment can be
demonstrated with a measure called the Stroop
paradigm (Stroop 1935). It is based on the observa-
tion that it takes longer to name the color of a series
of conflicting color words (e.g., “red” printed in
blue ink) than to name the color of a series of color
blocks.

This phenomenon is exaggerated in patients with
frontal lesions (Perret 1974). A related phenomenon
is that these patients may display a remarkable ten-
dency to imitate the examiner’s gestures and behav-
iors even when no instruction has been given to do so,
and even when this imitation entails considerable per-
sonal embarrassment. The mere sight of an object
may also elicit the compulsion to use it, although the
patient has not been asked to do so and the context is

inappropriate—as in a patient who sees a pair of
glasses and puts them on, even though he is already
wearing his own pair (Figure 32–9). These symptoms
have been called the “environmental dependency syn-
drome.” It has been postulated that the frontal lobes
may promote distance from the environment and the
parietal lobes foster approach toward one’s environ-
ment. Therefore, loss of frontal inhibition may result
in overactivity of the parietal lobes. Without
prefrontal cortex, our autonomy from our environ-
ment would not be possible. A given stimulus would
automatically call up a predetermined response re-
gardless of context (Lhermitte 1986; Lhermitte et al.
1986).

4. Perseveration. This is defined as an abnormal repeti-
tion of a specific behavior. It can be present after
frontal damage in a wide range of tasks including
motor acts, verbalizations, sorting tests, drawing, or
writing (Figure 32–10).
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FIGURE 32–9. A photograph of a patient with utilization behavior. On the left is the physician and on the right is the patient.
A pair of glasses were placed on the table in front of the patient without any instructions from the physician to do anything with
them. Nevertheless, the patient put the glasses on his face even though he had another pair of glasses already on.



Frontal Lobe Syndromes

At least three signature behavioral/cognitive syndromes
(Cummings 1993) occur after damage to different regions
of the prefrontal cortex (Figure 32–11). These syndromes
reflect separable circuits of connection of the prefrontal
cortex with subcortical structures (see Chapter 4 in this
volume). First, damage to the dorsolateral prefrontal cir-
cuit causes executive dysfunction. These patients have dif-
ficulty generating hypotheses and flexibly maintaining and
shifting sets as required by changing task demands. Sec-
ond, damage to the orbitofrontal circuit causes dis-
inhibited, irritable, and labile behavior. This type of lesion
also results in imitation and utilization behavior. Unlike
patients with dorsolateral damage, these patients may not
have significant executive impairments. Third, damage to
the medial frontal/anterior cingulate circuit causes
akinesia, apathy, and unconcern. Of course, patients may
have damage to more than one of these frontal circuits that
can lead to a mixture of clinical deficits.

Summary

Injury to the cerebral cortex can cause a wide range of
neurobehavioral syndromes with a characteristic profile of
deficits in attention, language, memory, visuoperception,
or executive function. These syndromes can occur in isola-
tion as a result of a stroke causing very focal damage (e.g.,
posterior cerebral artery infarction causing alexia) or com-
binations of each of these syndromes can be seen in more
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FIGURE 32–10. Several examples of perseverative behavior from patients with frontal pathology.

FIGURE 32–11. Functional subdivisions of the frontal
lobes corresponding to dissociable behavioral syndromes.



widespread damage to the brain (e.g., Alzheimer’s disease
causing amnesia, aphasia, and visuospatial deficits).
Knowledge of the clinicoanatomical relationships de-
scribed in this chapter is critical for diagnosis, treatment,
management, and rehabilitation of patients with injury to
the cerebral cortex.
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33
Geriatric

Neuropsychopharmacology
Why Does Age Matter?

George S. Zubenko, M.D., Ph.D.

Trey Sunderland, M.D.

Older adults respond less predictably to
most medications than younger adults,

typically requiring lower daily doses to achieve desired
therapeutic effects while minimizing adverse effects and
toxicity. This unpredictability is particularly evident
among the frail elderly who carry a significant burden of
comorbid medical problems and central neurodegenera-
tive disorders or are at the upper extreme of the life cycle.
Yet this population has a burgeoning need for clinical ser-
vices and in recent years has become an increasingly im-
portant focus of attention for practitioners. Our goal with
this chapter is to provide clinicians with a conceptual
framework for understanding and responding to aging
and age-related events that influence pharmacotherapeu-

tics in older patients with neuropsychiatric disorders.
Limitations and gaps in our knowledge base are also
highlighted. This chapter includes a phenomenological
overview of the aging process, a consideration of
age-related factors that influence the pharmacokinetic
and pharmacodynamic properties of psychotropic drugs,
methods of enhancing medication compliance, and a brief
conclusion.

Phenomenological Overview

Although aging is most easily defined by the passage of
time, the number and extent of physiological changes asso-

Helpful comments provided by Dr. James M. Perel are gratefully acknowledged. This work was supported by Research Grants
MH43261 and MH/AG47346, and Independent Scientist Award MH00540 for the National Institute of Mental Health and the Na-
tional Institute on Aging.
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ciated with aging are complex and highly variable among
individuals. Moreover, within individuals, decrements in
physiological functions often do not develop at the same
rate or extent across all tissues and organ systems. When
they do emerge, functionally significant changes occur
predictably in the directions of decreased efficiency and
decreased maximal capacity. Useful general relationships
have emerged between chronological age and physiologi-
cal variables that are relevant to assessments of health and
the practice of pharmacotherapeutics. However, intra-
individual and interindividual heterogeneity limits the in-
formativeness of chronological age alone as an indicator of
physiology. A complete history, physical and mental status
examinations, functional assessment, and appropriate lab-
oratory testing can provide a more accurate and compre-
hensive picture in this regard.

Age-related medical disorders, whether a reflection of
a pathological acceleration of the normal aging process or
novel derangements, often have an important impact on
the pharmacotherapy of neuropsychiatric disorders in the
elderly. In fact, the consequences of age-related illnesses
often overshadow those of normative aging by rendering
patients less responsive to treatment, less tolerant of ad-
verse medication effects, or both. For example, even when
adequate treatment is provided, comorbid medical burden
is a predictor of poorer response of major depression to
acute treatment (Katz et al. 1990; Popkin et al. 1985;
Zubenko et al. 1994). This phenomenon also contributes
to suboptimal responsiveness of patients with neuropsy-
chiatric disorders by limiting the spectrum of medications
and other treatment modalities that can be employed.
Moreover, the medical disorders of late life are often
chronic, contributing to an accumulating burden of medi-
cal problems with advancing age. Finally, complex rela-
tionships of chronic illness, pain, disability, and depression
lead to the co-occurrence of these conditions at rates that
are greater than expected from chance alone.

As a consequence of this age-related increase in medi-
cal comorbidity, older Americans fill an average of 13 pre-
scriptions each year, greater than twice the national aver-
age and nearly three times that of individuals under 65
(Baum et al. 1988; Chrischilles et al. 1992). The use of pre-
scription medications continues to further increase with
age within this segment of the population. In a rural com-
munity survey, 13% of those between 65 and 70 took no
medications compared with 7% of those 85 and older
(Helling et al. 1987). Nonprescription drug use also in-
creases with age with about two-thirds of seniors using
over-the-counter medications (Lamy 1980). These values
underestimate the use of medications by hospitalized pa-
tients and those in residential settings such as personal care

or nursing homes. In a study of 868 older psychiatric inpa-
tients with a mean age of 62, this population had an average
of six active ICD-9-CM (International Classification of
Diseases, 9th Revision, Clinical Modification, 4th Revi-
sion 1993) medical problems and were taking an average of
three to four nonpsychotropic prescription medications
(Zubenko et al. 1997).

The common use of multiple prescription and nonpre-
scription drugs by older Americans may contribute signifi-
cantly to reduced effectiveness and increased toxicity of
medications in this population by multiple interacting
mechanisms. Reduced rates of metabolism and excretion of
drugs among the elderly place them at risk for adverse ef-
fects if daily dosages are not adjusted accordingly. The use
of multiple medications increases the likelihood of adverse
drug interactions. Furthermore, the greater number of
medications increases the likelihood of an adverse reaction
with age-associated physiological changes or age-related
medical conditions. Finally, polypharmacy invites non-
compliance with prescribed medications. Increasing the
number of medications and overall complexity of the medi-
cation regimen decreases the likelihood that any of the
medications will be taken as prescribed. The result is re-
duced overall therapeutic effectiveness, greater burden of
adverse effects, and greater likelihood of discontinuation
of prescribed medications altogether.

Aging and the Pharmacokinetic
Properties of Psychotropic Drugs

A rich literature describes numerous physiological changes
that accompany normative aging and their impact on the
pharmacokinetic properties of psychotropic drugs. A gen-
eral summary of these physiological alterations and their
effects on drug absorption, distribution, plasma protein
binding, hepatic metabolism and clearance, and renal
clearance is presented in Table 33–1. Common clinical im-
plications of these relationships for pharmacotherapeutics
are also described.

Absorption

Aging and age-related alterations occur throughout the
gastrointestinal tract. Difficulties with swallowing are rela-
tively common among elderly patients with neuropsychi-
atric disorders, especially those that are associated with
neurodegenerative or cerebrovascular diseases (Jost 1997;
Ribeiro et al. 1998; Sonies 1992; Zubenko et al. 1997).
Dysphagia complicates the administration of medications,
often rendering the dosing schedule erratic and necessitat-
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TABLE 33–1. Age-related physiologic changes that influence the pharmacokinetics of psychotropic drugs

Pharmacokinetic effects Clinical implications
Absorption

↓ Swallowing
↑ Gastric pH
↓ Gastric emptying
↓ Intestinal motility
↑ Transit time
↓ Absorptive surface area
↓ Mesenteric blood flow

Decreased rate of absorption, especially when compounded by
anticholinergic effects, antacids, or coadministration with
food. May reduce bioavailability in some cases.

Delayed onset of action and reduced clinical effect if
incomplete absorption occurs.

Minimize factors that reduce absorption.

Distribution
↓ Muscle mass
↓ Total body water
↑ Total body fat

Increased total body fat leads to the increased volume of
distribution of most (lipophilic) psychotropic drugs, resulting
in increased half-life without change in steady-state plasma
concentration.

Effect of decreased total body water on decreased half-life for
lithium is outweighed by age-associated reduction in renal clearance.

Increased treatment interval is required to reach steady-
state plasma concentrations of psychotropic drugs.

Decreased duration of action of single doses of these
agents as a result of redistribution into fat stores.

Plasma protein binding
↓ Albumin (↓ ↓ malnutrition)
↑ α1-acid glycoprotein

(↑ ↑ illness)

Effects on the plasma concentration of free drug vary, depending on
whether the drug is protein bound (all but lithium), whether it binds
preferentially to albumin (benzodiazepines and neuroleptics) or α1-acid
glycoprotein (heterocyclic antidepressants), and whether hepatic
clearance is restricted to unbound drug (sedative hypnotics) or not
(most heterocyclic antidepressants, selective serotonin reuptake
inhibitors, and neuroleptics).

Competition for protein binding site by coadministered drugs can
produce transient increases in the plasma concentrations of free drug.

On average, modest increase in the potency and toxicity of
neuroleptics can result along with modest decrease in
the potency and toxicity of heterocyclic antidepressants.

Greater effects can occur in malnourished patients or
those with comorbid medical illnesses.

Increase surveillance for adverse effects when adding new
medications to regimen.

Hepatic metabolism and
clearance

↓ Liver volume
↓ Hepatic blood flow
↓ Oxidative metabolism
↓ N-Demethylation
→ Conjugation

Decreased metabolism of many psychotropic drugs results in increased
peak and steady-state plasma levels.

Increased ratios of parent drug to demethylated (often active) derivatives
can occur.

Modest effect of age on biotransformation by glucuronide, sulfate, or
acetyl conjugation.

Reductions in the specific activities of cytochrome P450
isoenzymes can result from genetic polymorphism,
age-related diseases, and inhibition by coadministered
medications. Modest if any effects of age alone.

Anticipate the need for reduced dosages of psychotropic
drugs, especially on initial administration, to avoid
excessive peak and steady-state plasma concentrations
that produce toxicity.

Advance dosages and introduce additional medications
with caution. Monitor carefully for the emergence of
adverse effects and toxicity.

When indicated, employ benzodiazepines cleared by
glucuronide conjugation (oxazepam, lorazepam,
temazepam). (continued)



ing the coadministration of medications with food sub-
stances that may alter absorption. Most studies have docu-
mented age-associated decreases in gastric emptying and
intestinal motility, although some reports suggest that
these functions are preserved in healthy elders in the ab-
sence of intercurrent illness or medication effects (Altman
1990; Annesley 1989; Pilotto et al. 1995; Russell 1992;
Schmucker 1985). Increases in gastric pH can also delay
absorption by altering the ionization of drugs and further
retarding gastric emptying (Altman 1990; Annesley 1989;
Russell 1992; Schmucker 1985; Trey et al. 1997). These
factors along with reductions in absorptive surface area and
mesenteric blood flow may contribute to a reduced rate of
drug absorption (Altman 1990; Annesley 1989; Holt and
Balint 1993; Pilotto et al. 1995; Russell 1992; Schmucker
1985; Trey et al. 1997). This outcome can be compounded
by anticholinergic drug effects, the administration of ant-
acids, and the ingestion of food. Diseases of the liver, pan-
creas, and intestine are more common in the elderly and
may also lead to impaired absorption (Altman 1990;
Annesley 1989; Holt and Balint 1993; Pilotto et al. 1995;
Russell 1992; Schmucker 1985; Trey et al. 1997). The clin-
ical result of incomplete absorption is a delay in the onset of
action and reduced clinical effect.

Distribution

Age-related alterations in drug distribution result from re-
ductions in lean muscle mass and total body water, along
with an increase in total body fat (Borkan et al. 1983;
Forbes and Reina 1970; Novak 1972). Because most
psychotropic drugs are lipophilic, their volumes of distri-
bution increase commensurate with their degree of
lipophilicity and the increase in body fat that occurs with
aging. This pharmacokinetic effect leads to increased drug
half-lives without changing steady-state plasma concen-
trations. The clinical consequence is that a longer treat-
ment interval is required to reach steady-state plasma con-
centrations of most psychotropic drugs, which are typically
administered regularly over months to years. In contrast, a
reduced duration of action of single doses of these agents
can result from redistribution into fat stores. Intermediate
effects of these age-related changes in body composition
can occur for drugs that have water-soluble metabolites
that are pharmacologically active.

In contrast to most psychotropic drugs, lithium is not
lipophilic and distributes into total body water. However,
the potential reduction in half-life for lithium as a result of
an age-related reduction in total body water is outweighed
by decreases in renal clearance.

The blood-brain barrier partitions the brain paren-
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chyma from substances in the systemic circulation, includ-
ing medications. Although lipophilic psychotropic drugs
distribute into the brain by passive diffusion, the
blood-brain barrier is likely to regulate the passage of drugs
that contain charged moieties, drugs that are pro-
tein-bound, and active hydrophilic drug metabolites into
the brain. The contribution of this phenomenon to the dis-
tribution of centrally acting drugs to their sites of action re-
mains a potentially important but understudied area of in-
vestigation. Available evidence suggests that the integrity
of the blood-brain barrier decreases with age, especially in
the context of central neurodegenerative disorders such as
Alzheimer’s disease (AD) (Kalaria 1996; Kleine and
Hackler 1994; Shah and Mooradian 1997; Skoog et al.
1998). Such age-related changes may contribute to in-
creased sensitivity to psychotropic medications.

Plasma Protein Binding

After absorption in the blood, virtually all psychotropic
medications with the exception of lithium bind at least par-
tially to plasma proteins, chiefly albumin and α1-acid
glycoprotein. This phenomenon is important because only
unbound drug is able to cross the blood-brain barrier and
interact with its intended target in the brain. Unbound
drug may also interact with peripheral sites of action that
result in unwanted side effects.

Protein binding characteristics of psychotropic drugs
are largely determined by their chemical and structural
properties (Loi and Vestal 1988). Although heterocyclic
antidepressants bind to both albumin and α1-acid glyco-
protein, the free fractions (concentration of free drug/total
drug concentration) of these agents in plasma depend pri-
marily on the concentration of α1-acid glycoprotein. In
contrast, the free fractions of benzodiazepines and most
neuroleptics depend primarily on albumin levels.

Aging is typically associated with modest reductions in
plasma albumin levels (Adir et al. 1982; Greenblatt 1979;
Loi and Vestal 1988). However, chronic debilitation from
medical problems including dementia often results in mal-
nutrition, with more significant reductions in plasma albu-
min levels. In contrast, most studies suggest that aging is
accompanied by moderate elevations in plasma α1-acid
glycoprotein levels (Abernathy and Kerzner 1984; Amitai
et al. 1993; Loi and Vestal 1988). Because α1-acid
glycoprotein is an acute-phase reactant, illnesses that are
accompanied by inflammation and activation of the im-
mune system produce greater elevations in the levels of this
protein. On average, moderate age-associated changes oc-
cur in plasma albumin (decreased) and α1-acid
glycoprotein levels (increased), along with increased

age-related variance that is attributable in part to an accu-
mulating burden of medical illness.

Protein binding has a variable effect on hepatic metab-
olism and clearance that is also drug specific (von Moltke et
al. 1998). For several commonly prescribed sedative-
hypnotics (chlordiazepoxide, diazepam, lorazepam,
alprazolam), hepatic clearance is restricted by protein
binding. As a result, increases in the free fractions of these
compounds that are attributable to age-associated reduc-
tions in albumin result in proportionate increases in their
hepatic clearance and only a minimal increase in the con-
centration of free drug under steady-state conditions.
However, for many psychotropic medications (most
tricyclic antidepressants, selective serotonin reuptake in-
hibitors [SSRIs], neuroleptics), hepatic clearance is unaf-
fected by protein binding.

The extent and characteristics of protein binding, and
their clinical significance, are highly variable. They depend
in important ways on the age, gender, health, and specific
medications taken by each patient. On average, modest in-
creases in the potency and toxicity of neuroleptics and
modest decreases in the potency and toxicity of antidepres-
sant medications would be expected from age-associated
changes in the levels of albumin and α1-acid glycoprotein
because the hepatic clearance of these compounds is unre-
stricted by protein binding. Increased sensitivity of the el-
derly to the sedating effects of benzodiazepines depends to
a greater extent on age-related reductions in hepatic and
renal clearance as well as on increased tissue sensitivity.

Although significant clinical manifestations of altered
protein binding appear to be uncommon, they are more
likely to occur among the frail elderly who manifest the
greatest perturbations in the levels of albumin and α1-acid
glycoprotein as the result of extreme age or comorbid med-
ical burden. Competition for protein binding sites by
coadministered drugs can also produce transient increases
in the free concentrations of the competing compounds.
These considerations warrant greater surveillance for ad-
verse effects, especially when adding new medications to a
regimen.

Hepatic Metabolism and Clearance

Most psychotherapeutic drugs other than lithium are
cleared by hepatic biotransformation. After oral adminis-
tration and intestinal absorption, these medications are trans-
ported to the liver through the portal and hepatic veins before
entering the systemic circulation. Drug metabolism that oc-
curs in the intestinal mucosa and during the first pass through
the liver substantially reduces the bioavailability of many
orally administered psychotropic drugs.
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Biotransformation in the liver is most commonly ac-
complished through a series of oxidative reactions. The
first step in this process is often demethylation, which typi-
cally produces an active metabolite. As an example, the
tricyclic antidepressants amitriptyline and imipramine are
demethylated to nortriptyline and desipramine, respec-
tively. Subsequent oxidative conversions yield progres-
sively more water-soluble compounds with varying de-
grees of pharmacological activity that are more readily
excreted by the kidneys and gut. A second mechanism of
biotransformation relies on the conjugation of drugs or
their metabolites with glucuronide, sulfate, or acetyl moi-
eties. Such conjugation reactions produce more polar, hy-
drophilic compounds that are usually devoid of pharmaco-
logical activity.

These oxidative reactions are catalyzed by the
cytochrome P450 (CYP 450) family of isoenzymes that are
localized to hepatic microsomes. They are divided into sev-
eral subfamilies: CYP 1A2, CYP 2C9/10, CYP 2C19, CYP
2D6, and CYP 3A3/4. Subfamilies CYP 1A2, CYP 2D6,
and CYP 3A3/4 account for the metabolism of most psy-
chotropic drugs. A list of commonly prescribed psycho-
tropic drugs and the CYP 450 isoenzymes that contribute
to their metabolism is presented in Table 33–2. Not sur-
prisingly, the substrate specificity of these isoenzymes of-
ten overlaps. When more than one isoenzyme family is in-
volved, the predominant route of metabolism is indicated
by the boldface drug name.

Aging is accompanied by reductions in the rate of me-
tabolism of many psychotropic drugs by the liver. This de-
creased metabolism results in higher peak and steady-state
plasma drug levels compared with those of younger pa-
tients receiving the same dosing regimen. Reduced hepatic
metabolism associated with normative aging in humans ap-
pears to result, at least partially, from reductions in total
liver volume and hepatic blood flow (Le Couteur and
McLean 1998; Woodhouse and James 1990; Yuen 1990).
Reduced uptake into hepatocytes as well as functional
shunting as a result of the saturation of particular
isoenzymes remain potential, but largely unexplored, con-
tributors as well. Age-related diseases such as congestive
heart can further reduce hepatic metabolism by compro-
mising hepatic blood flow.

Most studies of humans have revealed little or no re-
ductions in the specific activities or substrate affinities of
the CYP 450 isoenzymes with advancing age in the absence
of histopathological changes in the liver (Hunt et al. 1992;
Le Couteur and McLean 1998; Pollock et al. 1992;
Schmucker et al. 1990; Woodhouse and James 1990; Yuen
1990). However, reductions in the activities of these
isoenzymes can result from genetic polymorphisms (e.g.,

CYP 2D6), age-related diseases, and inhibition by
coadministered medications. Aging has only a modest ef-
fect on biotransformation by glucuronide, sulfate, or acetyl
conjugation. Rather than age-related factors, an inherited
polymorphism that affects the rate of acetylation accounts
for more of the population variance in this phenotype.

Because the elderly often take multiple medications,
they are at risk for the development of drug interactions
that arise from the inhibition of one or more of the CYP
450 isoenzymes. Such interactions do not necessarily result
in significant clinical consequences, especially when mod-
est initial doses are employed and cautiously adjusted to
achieve the desired therapeutic effect. A list of common or
clinically significant inhibitors of CYP 450 isoenzymes is
presented in Table 33–3. As an example, the comparison of
Tables 33–2 and 33–3 reveals that both paroxetine and
fluoxetine inhibit CYP 2D6. As a result, they would be ex-
pected to increase the steady-state plasma levels of tricyclic
antidepressants in patients receiving stable doses of the lat-
ter. Paroxetine and fluoxetine also inhibit their own metab-
olism. Therefore, increases in the oral dosages of paroxe-
tine and fluoxetine produce disproportionately larger
increases in the corresponding steady-state plasma levels of
these agents.

So far, these pharmacokinetic considerations have fo-
cused on the effects of coadministered drugs on the metab-
olism of psychotropic agents. In turn, psychotropic drugs
can slow the metabolism of nonpsychotropic medications
through their inhibitory effects on CYP 450 isoenzymes.
As shown in Table 33–4, inhibitors of CYP 1A2 such as
fluvoxamine can interfere with the metabolism of
acetaminophen, propafenone, propranolol, warfarin, and
theophylline. Inhibitors of CYP 2D6 such as paroxetine
can slow the metabolism of several narcotic analgesics,
antiarrhythmics, and β-blockers. Inhibitors of CYP 3A3/4
such as nefazodone may result in increased plasma levels of
many drugs including narcotic and nonnarcotic analgesics,
antibiotics, antihistamines, antitumor agents, antiarrhyth-
mics, calcium channel blockers, immunosuppressants, ste-
roids, and agents used to treat gastroesophageal reflux. All
of these classes of drugs are commonly prescribed for
age-related medical conditions.

Less commonly, some agents induce increases in
hepatic enzyme activity, potentially resulting in sub-
therapeutic plasma levels of medications (see references for
Tables 33–2 through 33–4). For example, cigarette smok-
ing is an inducer of CYP 1A2 activity, whereas phenobarbi-
tal and phenytoin induce CYP 3A3/4. Carbamazepine in-
duces its own metabolism (CYP 3A3/4; Table 33–2) and
that of haloperidol, requiring upward adjustment of dos-
ages to maintain therapeutic plasma levels. Some evidence
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TABLE 33–2. Some common psychotropic drugs metabolized by cytochrome P450 (CYP 450) isoenzymes

CYP 1A2 CYP 2D6 CYP 3A3/4
Antidepressants

Amitriptyline Amitriptyline Amitriptyline
Citalopram

Clomipramine Clomipramine Clomipramine
Deprenyl
Desipramine
Fluoxetine Fluoxetine

Fluvoxamine
Imipramine Imipramine Imipramine

Nefazodone
Nortriptyline
Paroxetine
Sertraline Sertraline
Trimipramine
Venlafaxine

Antipsychotics
Chlorpromazine

Clozapine Clozapine? Clozapine
Haloperidol

Olanzapine
Perphenazine
Risperidone
Sertindole Sertindole
Thioridazine

Anxiolytics
Alprazolam
Buspirone
Clonazepam
Diazepama

Midazolam
Triazolam

Anticonvulsants/mood stabilizersb

Carbamazepine

Phenytoin Phenytoin
Cognitive enhancersc

Donepezil Donepezil

Tacrine

aPredominantly metabolized by CYP 2C19 with a smaller contribution from CYP 2C9/10.
bValproic acid is primarily conjugated and excreted as a glucuronide derivative (minor contribution from CYP 2C19). Neurontin is excreted
largely unchanged.
cMetrifonate is conjugated and excreted as a glucuronide derivative.
Source. Adapted from Gelenberg 1995; Intek Labs 1999; Michalets 1998; Micromedex 1999; Nemeroff et al. 1995–1996, 1996; Patel and
Salzman 1998; Pollock 1994.



suggests that the capacity for CYP 450 isoenzyme induc-
tion may be blunted in late life (Pearson and Roberts 1984;
Schmucker 1979; Vestal 1989).

Tables 33–2 through 33–4 do not include comprehen-
sive lists of medications. Instead, they are intended to illus-
trate common or clinically important drug properties and
interactions that occur at the level of hepatic metabolism.
This topic is currently receiving considerable attention,
leading to a rapidly growing number of drugs whose meta-
bolic profiles have been examined. Furthermore, pub-
lished studies of drug metabolism performed using animal
models of aging may not always provide data that are rele-
vant to humans. When discrepancies were identified, we
relied on results from human studies for inclusion in this
section. Finally, the results of human in vitro studies of
drug metabolism have not always been readily reconcilable
with the results of human studies performed in vivo, re-
flecting the limitations of experimental designs and our
current understanding of this complex topic.

Renal Clearance

Renal blood flow and glomerular filtration rate decline
with age (Annesley 1989; Pollock et al. 1992; von Moltke et
al. 1998; and see references to Tables 33–2 through 33–4).
As a result, the renal clearance of lithium as well as active
water-soluble metabolites of lipophilic parent compounds
is reduced. Elevated and potentially toxic steady-state lev-
els of lithium and cardiotoxic metabolites of tricyclic anti-
depressants may develop in elderly patients if doses that are
used in younger adults are not adjusted downward.

Clinically, it is important to recognize that plasma
creatinine concentrations overestimate the actual glomer-
ular filtration rate in elderly subjects as a result of the re-
duction in muscle mass that occurs with aging. Congestive
heart failure can further impair renal clearance by reducing
renal blood flow, and hypertension and diabetes reduce
glomerular filtration rate by producing microvascular
damage. Moreover, the treatments for hypertension and
congestive heart failure often include sodium-depleting di-
uretics. These agents along with nonsteroidal anti-
inflammatory drugs are commonly prescribed for the el-
derly, further inhibit lithium excretion, and thereby en-
hance the potential for toxicity.

Aging and the Pharmacodynamic
Properties of Psychotropic Drugs

Reports of increased susceptibility of the elderly to the ad-
verse effects of psychotropic medications are common-
place in the literature. A list of some of these common ad-
verse effects is presented in Table 33–5. However, the
relative contributions of age-dependent changes in tissue
sensitivity to the action of a drug (pharmacodynamics) and
those that arise from alterations in pharmacokinetic char-
acteristics are often difficult to determine unambiguously,
especially in humans. Paradigms for simultaneously mea-
suring pharmacokinetic variables while monitoring clini-
cal effects have been developed for this purpose. However,
these approaches do not readily lend themselves to the re-
peated dosing strategies that are typically used for
psychotherapeutic drugs over weeks, months, and years.
Moreover, such studies relate clinical effects to plasma lev-
els of active drugs and metabolites that may not always re-
flect the concentrations of these compounds at their sites of
action in the central nervous system.

The capacity for the brain to remodel itself at
intercellular, cellular, and subcellular levels in response to
endogenous and external stimuli appears to diminish in late
life, especially among individuals who have central
neurodegenerative disorders (Zubenko 1997) (Tables 33–6
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TABLE 33–3. Some common or significant
inhibitors of cytochrome P450
(CYP 450) isoenzymes

CYP 1A2 CYP 2D6 CYP 3A3/4
Astemizole

Cimetidine Cimetidine Cimetidine
Desipramine
Diltiazem Diltiazem

Erythromycin
Flecainide

Fluconazole
Fluoxetine

Fluvoxamine Fluvoxamine
Itraconazole
Ketoconazole
Nefazodone

Norfluoxetine Norfluoxetine
Paroxetine
Propafenone
Quinidine
Sertraline (high doses)

Theophylline
Troleandomycin
Verapamil

Source. Adapted from Gelenberg 1995; Intek Labs 1999; Michalets
1998; Micromedex 1999; Nemeroff et al. 1995–1996, 1996; Patel and
Salzman 1998; Pollock 1994.
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TABLE 33–4. Common nonpsychotropic drugs metabolized by cytochrome P450 (CYP 450) isoenzymes

CYP 1A2 CYP 2D6 CYP 3A3/4
Analgesics

Acetaminophen Acetaminophen
Alfentanil

Codeine Codeine
Lidocaine

Meperidine
Oxycodone
Tramadol

Antibiotics
Clarithromycin
Dapsone
Erythromycin
Ketoconazole
Triacetyloleandomycin

Antihistamines
Astemizole
Loratadine
Terfenadine

Antitumor drugs
Adriamycin
Paclitaxel
Tamoxifen
Vinblastine

Cardiovascular drugs
Antiarrhythmics

Amiodarone
Disopyramide

Encainide
Flecainide
Lidocaine Lidocaine
Mexiletine

Propafenone Propafenone Propafenone
Quinidine

β-Blockers
Metoprolol

Propranolol Propranolol
Timolol

Calcium channel blockers
Diltiazem

(continued)



through 33–9). This age-associated reduction in plasticity
can account for the decreased average rate of response of
depressed elders to antidepressant therapy compared with
that of younger adults. It can also account for the associa-
tion of cognitive impairment with a somewhat poorer acute
response to antidepressant treatment among elderly pa-
tients with major depression. Recovery from drug-induced
toxicity also appears to be slower in this segment of the
population. As an example, residual symptoms of lith-
ium-induced encephalopathy can persist for a substantive
period after drug discontinuation when lithium levels are
no longer detectable in plasma.

Benzodiazepines

The elderly fill more prescriptions for benzodiazepines
(Balter et al. 1974; Baum et al. 1986) and experience more

adverse effects from these drugs than their younger coun-
terparts (Boston Collaborative Drug Surveillance Pro-
gram 1973; Castleden et al. 1977; Cook et al. 1984; Giles et
al. 1978; Greenblatt et al. 1991; Pomara et al. 1984; Ray et
al. 1989; Reidenberg et al. 1978; Thompson et al. 1983).
The increased magnitude of pharmacological effects in the
elderly, including sedation as well as memory and
psychomotor impairment, is partially attributable to
age-related reductions in the rates of clearance and elimi-
nation that predispose the elderly to the development of el-
evated plasma levels of these compounds (Greenblatt et al.
1991; Herings et al. 1995; Kroboth et al. 1990; Pomara et
al. 1984). However, the increased sensitivity of the elderly
to these effects remains evident even when similar plasma
concentrations are maintained in younger and older indi-
viduals (Bertz et al. 1997; Castleden et al. 1977; Cook et al.
1984; Greenblatt et al. 1991; Herings et al. 1995; Kroboth
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CYP 1A2 CYP 2D6 CYP 3A3/4
Felodipine
Nicardipine
Nifedipine
Nimodipine
Verapamil

Other
Warfarin

Lovastatin
Steroids

Androstenedione
Cortisol
Dexamethasone
Estradiol
Ethinyl estradiol
Progesterone
Testosterone

Other
Caffeine
Cisapride
Cyclosporin
Ethosuximide
Omeprazole

Theophylline

Source. Adapted from Gelenberg 1995; Intek Labs 1999; Michalets 1998; Micromedex 1999; Nemeroff et al. 1995–1996, 1996; Patel and
Salzman 1998; Pollock 1994.

TABLE 33–4. Common nonpsychotropic drugs metabolized by cytochrome P450 (CYP 450) isoenzymes
(continued)



et al. 1990; Nikaido et al. 1990; Pomara et al. 1985;
Reidenberg et al. 1978; Swift et al. 1985). The elderly can
also experience paradoxical excitement from benzo-
diazepines, a qualitatively different effect. Although the
mechanisms that underlie these age-dependent pharmaco-
dynamic alterations have not been elucidated, age-
associated reductions in the numbers of GABAergic neu-
rons (Allen et al. 1983) and the specific activity of the bio-
synthetic enzyme glutamic acid decarboxylase in selected
brain regions (McGeer 1981) have been reported from au-
topsy studies, along with lower γ-aminobutyric acid
(GABA) levels in cerebrospinal fluid (Bareggi et al. 1985;
Hare et al. 1982). Together, these pharmacokinetic and
pharmacodynamic changes render elderly patients who
take benzodiazepines more vulnerable on average to exces-
sive sedation, to memory and psychomotor impairment,
and to falls and resulting skeletal fractures.

Lithium

Unlike dosages of most other psychotropic drugs, oral dos-
ages of lithium salts are typically adjusted to achieve target
plasma levels of lithium ion in the range of 0.8–1.2 mEq/L.
This approach should minimize the contributions of
age-related pharmacokinetic changes (chiefly reduced re-
nal clearance) to the development of therapeutic or adverse
effects. Yet, at this relatively narrow range of plasma lith-
ium levels, elderly patients develop adverse effects more
commonly, and those adverse effects that develop tend to
be more debilitating than those experienced by younger
patients (Satlin and Liptzin 1998). These effects include
cognitive impairment, tremor, muscle rigidity, abnormali-
ties of gait, gastrointestinal distress (nausea, diarrhea),
polydipsia, polyuria, and electrocardiogram changes. In
fact, it is not uncommon to encounter elderly patients who
develop intolerable adverse effects, including delirium, at
steady-state plasma levels below 0.8 mEq/L. It is unclear

whether aging is associated with increased risk of lith-
ium-induced hypothyroidism or renal disease that occur
with longer-term treatment.

These common clinical observations strongly suggest
that aging is accompanied by sensitization of target tissues
to the adverse effects of lithium. However, the neurobio-
logical substrates and mechanisms that are responsible for
this phenomenon are unknown. Whether the age-
associated increase in the sensitivity of the elderly to the ad-
verse effects of lithium is likewise accompanied by in-
creased therapeutic potency is uncertain.

Cholinergic Antagonists

Many psychotropic drugs have significant anticholinergic
(antimuscarinic) potency, especially antidepressant and
antipsychotic medications. Less appreciated is that numer-
ous medications prescribed for indications other than be-
havioral disorders among the elderly also possess clinically
meaningful anticholinergic potencies (Tune et al. 1992).
Some common examples include cimetidine and raniti-
dine; dipyridamole, warfarin, isosorbide, nifedipine, and
digoxin; codeine, theophylline, and prednisolone. Over-
the-counter medications taken by the elderly for various
indications also frequently include ingredients that have
significant anticholinergic properties (e.g., diphen-
hydramine hydrochloride [Benadryl]). These agents alone
and in combination contribute to the development of clini-
cally important anticholinergic effects both centrally and
in the periphery (Table 33–5).

The relative contributions of pharmacokinetic and
pharmacodynamic phenomena to the increased vulnera-
bility of the elderly to the anticholinergic effects of medica-
tions have not been clearly defined and probably differ in
relative importance depending on the particular drug(s) in-
volved. Challenge studies employing single intravenous
doses of the antimuscarinic agent scopolamine have dem-
onstrated greater cognitive impairment with aging (Table
33–6). These results suggest that aging is associated with
greater intrinsic sensitivity of the central nervous system to
cognitive impairment induced by anticholinergic agents.

Numerous age-related neurobiological changes in the
central cholinergic nervous system can contribute to the
increased sensitivity of the elderly to the anticholinergic ef-
fects of psychotropic and other medications. As shown in
Table 33–6, all of these effects of aging are in the direction
of decreased cholinergic function. Advancing age is ac-
companied by a reduction in the number of cholinergic
neurons in the basal forebrain that innervate the cortex.
The basis for this selective loss of cholinergic neurons in
aging individuals is unclear. One factor may be related to
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TABLE 33–5. Common adverse effects of
psychotropic drugs in the elderly

Central nervous system (sedation, confusion, disorienta-
tion, memory impairment, delirium)
Anticholinergic, peripheral (constipation, dry mouth,
blurred vision, urinary retention)
Motor (extrapyramidal symptoms, tremor, impaired gait,
increased body sway, falling)
Cardiovascular (hypotension, cardiac conduction delay)
Other (agitation, mood and perceptual disturbances, head-
ache, sweating, sexual dysfunction, gastrointestinal distur-
bances [nausea, anorexia, changes in weight or bowel
habits], hyponatremia)
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TABLE 33–6. Age-related changes in the cholinergic system

Cholinergic markersa Location Techniques Findings
Cholinergic neurons

Mesulam et al. (1987) Basal forebrain Cell counts, autopsy Decreased

Choline uptake
Cohen et al. (1995) Brain MR in vivo spectroscopy Decreased

Choline acetyltransferase
Court et al. (1993)
Allen et al. (1983)

Cortex and hippocampus
Cerebellum

Specific activity, autopsy
Specific activity, autopsy

Decreased
Normal

Acetylcholinesterase
Nakano et al. (1986) Cerebrospinal fluid Specific activity, autopsy Increased

M1, M2 receptors
Lee et al. (1996) Cortex 11C-Labeled TRB PET Normal
Suhara et al. (1993) Cortex 11C-Labeled NMPB PET Decreased
Nordberg et al. (1992) Cortex and thalamus 3H-Labeled QNB/carbachol

3H-Labeled QNB/pirenzepine
M1 decreased
M2 increased

G-protein coupling
Cutler et al. (1994) Basal ganglia Carbachol stimulation, autopsy Decreased

Nicotinic receptor
Nordberg et al. (1992) Cortex 3H-Labeled nicotine binding, autopsy Decreased
Flynn and Mash (1986) Cortex 3H-Labeled nicotine binding, autopsy Decreased

Scopolamine infusion
Molchan (1992) Cognitive-behavioral Drug challenge Increased sensitivity

Note. MR = magnetic resonance; NMPB = N-methyl-4-piperidylbenzilate; PET = positron-emission tomography; QNB = quinuclidinyl benzilate; TRB = tropanyl benzilate.
aComplete reference citations are at the end of the chapter.
Source. Adapted from Allen et al. 1983; Court et al. 1993; Cutler et al. 1994; Flynn and Mash 1986; Lee et al. 1996; Mesulam et al. 1987; Molchan et al. 1992; Muller et al. 1991; Nakano et al.
1986; Nordberg et al. 1992; Suhara et al. 1993; Sunderland et al. 1995.



their need to draw on a limited supply of choline for multi-
ple purposes, including the synthesis of structural compo-
nents of cell membranes, second-messenger molecules,
and the neurotransmitter acetylcholine. Despite its key
role of choline in neuronal metabolism, brain cells lack the
capacity to synthesize choline de novo. The significant de-
cline in the uptake of circulating choline into brain that de-
velops with age can disproportionately compromise
cholinergic neurons whose need for choline is the greatest
(Cohen et al. 1995).

Aging is also associated with a decrease in the specific
activity of the biosynthetic enzyme choline acetyltrans-
ferase in the cortex and an increase in the activity of the cat-
abolic enzyme acetylcholinesterase in cerebrospinal fluid.
These biochemical changes can reduce the synthesis of
acetylcholine while enhancing its rate of degradation once
released into the synaptic cleft. Studies of age-related
changes in the densities of muscarinic receptors have
yielded inconsistent results, possibly because reduced
numbers of presynaptic muscarinic receptors are accompa-
nied by a compensatory increase in the density of post-
synaptic muscarinic receptors. Reductions in the density of
nicotinic receptors in the brain have been reported with ag-
ing, although the functional significance of these receptors
is unclear.

AD is the most common cause of mental impairment
among the elderly (Bachman et al. 1992; Evans et al. 1989;
Jorm et al. 1987) (see Chapter 24 in this volume). The
pathophysiology of this disorder is complex, and numerous
neuronal types and neurotransmitter systems are affected
(Zubenko 1997). One of the most consistently reported
and profound pathological changes in AD is the loss of
cholinergic neurons from the basal forebrain that
innervate the neocortex and hippocampus (Arendt et al.
1983; Saper et al. 1985; Whitehouse et al. 1982). This pro-
cess substantially exceeds that expected for age and is re-
flected in a loss of choline acetyltransferase as well as de-
creases in acetylcholinesterase, choline uptake, and the
synthesis and release of acetylcholine from cortical tissue
slices (Bird et al. 1983; Bowen et al. 1983; Davies and
Maloney 1976; Pope at al. 1964; Rossor et al. 1982; Sims et
al. 1983). Because the cholinergic system plays an impor-
tant role in memory and learning (Drachman and Leavitt
1974), its degeneration in AD seems likely to contribute to
the development of dementia.

Inconsistent changes or only modest reductions in to-
tal, M1, and M2 muscarinic receptor binding have been re-
ported in neocortical, hippocampal, and subcortical brain
regions from patients with AD (Greenamyre and Maragos
1993). As with normative aging, these inconsistencies in
autopsy findings can result from a complex sequence of

events including the progressive loss of presynaptic
cholinergic afferents accompanied by the transient
upregulation of cholinergic receptors or postsynaptic neu-
rons. Some studies also suggest reduced coupling of the M1

receptor to its corresponding G protein (Flynn et al. 1991;
Smith et al. 1987). Altered regulation of muscarinic bind-
ing and cerebral perfusion after low-dose chronic scopol-
amine administration has been demonstrated in vivo by
single photon emission computed tomography (SPECT)
scans of patients with AD and elderly control subjects
(Sunderland et al. 1995). Nicotine receptor binding has
consistently been reported to be substantially reduced in
the cortices of patients with AD (Araujo et al. 1988; Flynn
and Mash 1986; Perry et al. 1987; Rinne and Myllykylä
1991; Shimohama et al. 1986; Whitehouse et al. 1986),
although the functional significance of this finding is
unclear.

These findings are consistent with the common obser-
vation that patients with AD are even more sensitive to the
central effects of anticholinergic and other drugs than
older adults who have normal cognition (Molchan et al.
1992). The subgroup of patients with AD with Lewy body
pathology (AD Lewy body variant, ADLBV) have been re-
ported to have even greater cholinergic and dopaminergic
deficits and can be the most prone to central toxicity from
anticholinergic and antidopaminergic drugs (Förstl et al.
1993; Hansen et al. 1990; Langlais et al. 1993; Lippa et al.
1994; Perry et al. 1990, 1991, 1993) (see Chapter 24 in this
volume).

Dopaminergic Antagonists

The elderly are at increased risk of developing extra-
pyramidal symptoms from the antidopaminergic actions of
psychotropic drugs, chiefly the conventional antipsychotic
medications. These adverse effects typically consist of
parkinsonian symptoms (rigidity, tremor, bradykinesia),
akathisia, and tardive dyskinesia (Kalish et al. 1995; Sweet
et al. 1995). For reasons that are unclear, neuroleptic-
induced dystonic reactions appear to be less common in the
elderly than in younger patients. The coadministration of
heterocyclic antidepressants or lithium may exacerbate
neuroleptic-induced extrapyramidal symptoms by an un-
known mechanism.

The relative contributions of pharmacokinetic and
pharmacodynamic phenomena to the increased suscepti-
bility of the elderly to extrapyramidal symptoms have not
been clearly delineated. However, numerous age-related
neurobiological changes can render the central dopamin-
ergic system more sensitive to pharmacological antago-
nists in later life. As shown in Table 33–7, the number of
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TABLE 33–7. Age-related changes in the dopaminergic system

Dopaminergic markersa Location Techniques Findings
Dopaminergic neurons

Morgan et al. (1987) Substantia nigra Cell counts, autopsy Decreased
Tyrosine hydroxylase

McGeer (1981) Basal ganglia Specific activity, autopsy Decreased
Robinson et al. (1977) Caudate Specific activity, autopsy Unchanged

Monoamine oxidaseb

Oreland and Gottfries (1986) Cortical, subcortical areas Specific activity, autopsy MAO-A, unchanged
MAO-B, increase

Dopamine D1 receptor
DeKeyser et al. (1990) Striation 3H-Labeled SCH-23390, autopsy Unchanged

Dopamine D2 receptor
Volkow et al. (1998);
Rinne et al. (1993)

Basal ganglia 11C-Labeled raclopride PET Decreased

Wang et al. (1995) Basal ganglia 13F-Labeled NMS PET Decreased
Roth and Joseph (1994) Striatum (rat) mRNA, in situ hybridization Decreased
DeKeyser et al. (1990) Striatum 3H-Labeled spiperone, autopsy Unchanged

Dopamine transporter
Volkow et al. (1998) Basal ganglia 11C-Labeled methylphenidate PET Decreased
Van Dyck et al. (1995) Striatum 123β-CIT SPECT Decreased
Volkow et al. (1994) Basal ganglia 11C-Labeled cocaine PET Decreased
Bannon et al. (1992) Striatum mRNA, nuclease protection, autopsy Decreased
DeKeyser et al. (1990) Striatum 3H-Labeled GBR 12935, autopsy Decreased

Homovanillic acid
Hartikainen et al. (1991) Cerebrospinal fluid HPLC Unchanged
Bareggi et al. (1985) Cerebrospinal fluid HPLC Increased

Note. β-CIT = β-carbomethoxy-3β-(4-iodophenyl) tropane; HPLC = high performance liquid chromatography; NMS = N-methylspiperone; PET = positron-emission tomography;
SPECT = single photon emission computed tomography.
aComplete reference citations are at the end of the chapter.
bDopamine is metabolized by both MAO-A and MAO-B.
Source. Adapted from Bannon et al. 1992; Bareggi et al. 1985; DeKeyser et al. 1990; McGeer 1981; Morgan et al. 1987; Oreland and Gottfries 1986; Rinne et al. 1993; Robinson et al. 1977;
Roth and Joseph 1994; Van Dyck et al. 1995; Volkow et al. 1994, 1998; Wang et al. 1995.



neurons in the substantia nigra, the largest collection of
dopaminergic nerve cell bodies in the brain, declines with
age. Reduction in the specific activity of the biosynthetic
enzyme tyrosine hydroxylase, along with increased activity
of the catabolic enzyme monoamine oxidase B, can result in
reduced synthesis and steady-state levels of dopamine in
the dopaminergic neurons that remain. Reductions in the
density of dopamine D2 receptors, at least some of which
are located on presynaptic neurons, may reflect the same
age-related cell loss. In contrast, the density of D1 recep-
tors may increase with age as a compensatory mechanism.
Age-related reductions in the activity of the dopamine
transporter, which serves to recover and inactivate dopa-
mine that is released into the synaptic cleft, may also facili-
tate dopaminergic neurotransmission across the synapses
that remain or may simply reflect the loss of presynaptic
dopaminergic neurons. The concentration of homo-
vanillic acid, a major metabolite of dopamine, has been re-
ported to increase in cerebrospinal fluid with age. The last
finding may reflect a compensatory increase in the firing
rates of surviving dopaminergic neurons.

Postsynaptic denervation supersensitivity has been
suggested as a mechanism that contributes to the sensitiv-
ity of some patients with Parkinson’s disease to dopaminer-
gic agents, including L-dopa preparations ((+)-carbidopa)
used to treat this condition. In such cases, psychotic symp-
toms (delusions, hallucinations) can emerge alone or in the
context of delirium. If the use of other antiparkinsonism
drugs is not a viable alternative, this clinical scenario can
often be managed by reducing the dosage of L-dopa to the
extent possible while adding an atypical antipsychotic
medication with reduced tendencies to worsen extra-
pyramidal symptoms and hypotension.

The mechanism of action of L-dopa in the treatment of
Parkinson’s disease appears to depend on the conversion of
this precursor to dopamine in surviving dopaminergic neu-
rons. The progressive degeneration of these neurons that
occurs in Parkinson’s disease may contribute to the loss of
efficacy of L-dopa in the late stages of this disorder.

Noradrenergic Effects

Age-related changes in the central noradrenergic system
are summarized in Table 33–8. Consistent with observa-
tions from the cholinergic and other aminergic systems,
the transition into late life is accompanied by neuro-
biological changes that tend to reduce central noradrener-
gic tone. These changes include a reduced number of cells
in the locus ceruleus, the largest collection of nor-
adrenergic nerve cell bodies in the brain, along with a de-
crease in the specific activity of the biosynthetic enzyme

tyrosine hydroxylase. Unlike dopamine, norepinephrine is
preferentially metabolized by monoamine oxidase A,
whose activity does not appear to increase with age. These
changes are accompanied by decreases in the densities of
α2, β1, and β2 receptors in the projection areas of the locus
ceruleus. Moreover, signal transduction across these re-
ceptors may be reduced as a result of less efficient
G-protein coupling. In spite of these changes, the concen-
tration of methoxyhydroxyphenylglycol, a major metabo-
lite of norepinephrine, appears to increase with age in
cerebrospinal fluid. This may result from a compensatory
increase in the firing rate of the reduced number of
noradrenergic neurons whose postsynaptic sites include
fewer, less efficient receptors.

These age-related changes in the central aminergic
nervous system may contribute to the vulnerability of older
adults to the development of neuropsychiatric syndromes,
especially when the degree of neurodegeneration is
marked, as occurs in AD and Parkinson’s disease (Zubenko
1996; Zubenko and Moossy 1988; Zubenko et al. 1990,
1991). Moreover, these changes can result in a blunted
acute response of such patients to antidepressant medica-
tions, prolong the time required for a therapeutic response,
and contribute to relapse as degenerative changes progress
(Zubenko et al. 1994).

Selective Serotonin Reuptake Inhibitors

As a drug class, the SSRIs have a more benign side-effect
profile than the heterocyclic antidepressants and mono-
amine oxidase inhibitors (MAOIs). Their common adverse
effects include headache, gastrointestinal disturbances
(chiefly nausea, anorexia, and diarrhea), increased sweat-
ing, and sexual dysfunction. Their lack of significant
anticholinergic (except paroxetine) and adverse cardiovas-
cular effects has increasingly led to their preferred use in
depressed patients who have a significant burden of
comorbid medical problems, including the neuro-
degenerative disorders (see Chapter 13 in this volume).
The SSRIs have become especially popular as first-line an-
tidepressants in primary care settings.

Evidence of increased sensitivity of the elderly to the
effects of SSRIs is largely limited to interactions with other
drugs through inhibition of the CYP 450 isoenzymes (see
section on hepatic metabolism and clearance). Little direct
evidence implicates age-dependent pharmacodynamic
changes in this regard. Instead, age-associated decreases in
function of the central serotonergic nervous system may
predispose elderly patients to behavioral syndromes, espe-
cially in the context of the neurodegenerative diseases.
These pathological changes may also contribute to a

Geriatric Neuropsychopharmacology 763



764
THE

AM
ERICAN

PSYCHIATRIC
PRESS

TEXTBOOK
OF

GERIATRIC
N

EUROPSYCHIATRY,SECON
D

EDITION
TABLE 33–8. Age-related changes in the noradrenergic system

Noradrenergic markersa Location Techniques Findings
Noradrenergic neurons

Mann (1991) Locus ceruleus Cell counts, autopsy Decreased

Tyrosine hydroxylase
McGeer (1981) Basal ganglia Specific activity, autopsy Decreased
Robinson et al. (1977) Caudate Specific activity, autopsy Unchanged

Monoamine oxidaseb

Oreland and Gottfries (1986) Cortical, subcortical areas Specific activity, autopsy MAO-A, Unchanged
MAO-B, Increased

α2 receptor
Sastre and Garcia-Sevilla (1994);
Supiano and Hogikyan (1993)

Cortex 3H-Labeled clonidine, autopsy Decreased

Pascual et al. (1992) Cortex 3H-Labeled bromoxidine, autopsy Decreased
Kalaria and Andorn (1991) Cortex 3H-Labeled p-aminoclonidine, autopsy Decreased

β receptors
Arango et al. (1990);
Kalaria et al. (1989)

Cortex
Cortex

125I-Labeled pindolol, autopsy
125I-Labeled pindolol, autopsy

Unchanged
Decreased

G-protein coupling
Insel (1993) Animal cortex Forskolin stimulation Decreased

MHPG
Hartikainen et al. (1991) Cerebrospinal fluid HPLC Unchanged
Gottfries (1990) Cerebrospinal fluid HPLC Increased

Note. HPLC = high performance liquid chromatography; MAO = monoamine oxidase; MHPG = methoxyhydroxyphenylglycol.
aComplete reference citations are at the end of the chapter.bNorepinephrine is preferentially metabolized by MAO-A.
Source. Adapted from Arango et al. 1990; Gottfries 1990; Hartikainen et al. 1991; Insel 1993; Kalaria and Andorn 1991; Kalaria et al. 1989; Mann 1991; McGeer 1981; Mendelsohn and
Paxinos 1991; Oreland and Gottfries 1986; Pascual et al. 1992; Robinson et al. 1977; Sastre and Garcia-Sevilla 1994; Supiano and Hogikyan 1993.



blunted response to short-term treatments for these be-
havioral syndromes, delay the rate of recovery, and con-
tribute to relapse as progression occurs.

Age-related changes in the central serotonergic sys-
tem are presented in Table 33–9. These changes include re-
ductions in the numbers of serotonergic nerve terminals in
the neocortex, as reflected by the decreased density of the
serotonin transporter. The specific activity of the bio-
synthetic enzyme tryptophan hydroxylase has also been re-
ported to decline with advancing age. Age-related changes
in central serotonergic receptors are complex as a result of
differential effects reported for various characteristics of
multiple receptor subtypes. Decreased densities of the se-
rotonin transporter may reflect the age-related reduction
in the number of serotonergic neurons. The level of
5-hydroxyindoleacetic acid, the major metabolite of sero-
tonin, increases with age. The last finding may reflect a
compensatory increase in the firing rates of surviving sero-
tonergic neurons.

Cardiovascular Effects and
Orthostatic Hypotension

The prevalence of orthostatic hypotension increases with
age to become a common condition in late life, where it af-
fects as many as 30% of community-dwelling elders (Patel
et al. 1993). Its clinical importance is reflected by its link to
syncope, recurrent falling, skeletal fractures, and related
sources of morbidity and mortality.

The etiology of orthostatic hypotension among the el-
derly is typically multifactorial (Mets 1995; Verhaeverbeke
and Mets 1997). Although age-related autonomic dysfunc-
tion plays an important role in the pathogenesis of ortho-
static hypotension, this condition is often induced by the
use of psychotropic or other medications in the elderly.
Perhaps even more commonly, subclinical cases of ortho-
static hypotension are rendered symptomatic by the ad-
ministration of drugs that aggravate the underlying patho-
physiology of this condition. This latter observation
highlights the predictive value and clinical importance of
pretreatment measurements of postural changes in blood
pressure and heart rate before administering medications
whose side-effect profiles include postural hypotension.

The pathophysiology of orthostatic hypotension is
complex and incompletely understood (Abernathy 1990;
Feely and Coakley 1990; Hämmerlein et al. 1998; Mets
1995; Verhaeverbeke and Mets 1997). Common factors
that contribute to the development of orthostatic
hypotension are listed in Table 33–10. As described in pre-
vious sections, aging is associated with functional decre-
ments in several central aminergic systems that participate

in the regulation of blood pressure and other fundamental
processes. In the periphery, aging is also associated with a
decrease in the baroreceptor reflex response to reductions
in blood pressure. Reductions that occur in arterial compli-
ance (elasticity) with aging may contribute to the decreased
sensitivity of the baroreceptor region to changes is blood
pressure. Decreased compliance of the arterial wall may
also render the systemic circulation more vulnerable to
changes in blood pressure that result from small reductions
in circulating blood volume. In addition to these effects,
aging is associated with decreased responsiveness of the
heart and vasculature to the chronotropic and inotropic ef-
fects of adrenergic stimulation, especially those medicated
through β-adrenergic receptors. Finally, reduced activity
of the renin-angiotensin-aldosterone system becomes
manifest in the elderly. These physiological changes that
occur during the course of normative aging contribute to
the increased prevalence of orthostatic hypotension in the
elderly and to their sensitivity to this common adverse ef-
fect of psychotropic and other medications.

Age-related diseases also predispose the elderly to
orthostatic hypotension. Heart disease can lead to reduced
cardiac output both at rest and in response to exercise or
other stimuli. Diabetes mellitus often causes disturbances
of fluid and electrolyte balance as well as impairments of
the peripheral autonomic nervous system that produce or
worsen orthostatic hypotension. Parkinson’s disease can
lead to peripheral manifestations of autonomic dys-
regulation, including orthostatic hypotension, that result
from the degeneration of central aminergic systems (see
Chapter 26 in this volume). Orthostatic hypotension is also
commonly associated with dehydration, immobility, or
prolonged bedrest, which accompany chronic, debilitating
medical disorders in late life. Eating, urination, and defeca-
tion all transiently worsen orthostasis.

Not surprisingly, drugs used to lower blood pressure in
the treatment of hypertension or congestive heart failure
aggravate orthostatic hypotension. These agents include
calcium channel blockers, α- and β-adrenergic blockers,
angiotensin-converting enzyme inhibitors, and nitrates. In
addition, many psychotropic drugs induce or worsen pos-
tural hypotension. Their hypotensive actions reflect their
potency as α1 antagonists and to a lesser extent their
antimuscarinic potency. These effects can be magnified by
age-related decreases in metabolism, clearance, and elimi-
nation if dosing is not adjusted accordingly.

Heterocyclic antidepressants typically produce some
degree of orthostatic hypotension at the usual doses used to
treat elderly patients with depression. The tertiary amines
(amitriptyline and imipramine) are the worst, whereas
nortriptyline produces less of this adverse effect. Tricyclic
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TABLE 33–9. Age-related changes in the serotonergic system

Serotonergic markersa Location Techniques Findings
5-HT transporter

Marcussen et al. (1987) Cortex 123β-CIT SPECT Decreased
Tryptophan hydroxylase

Meek et al. (1977) Selected brain areas Specific activity, autopsy Decreased
Monoamine oxidaseb

Oreland and Gottfries (1986) Cortical, subcortical areas Specific activity, autopsy MAO-A, Unchanged
MAO-B, Increased

5-HT1A receptor
Burnet et al. (1994) Hippocampus mRNA, RT-PCR, autopsy Increased
Marcussen et al. (1984, 1987) Striatum 3H-Labeled IMI binding, autopsy Unchanged
Middlemiss et al. (1986) Frontal cortex 3H-Labeled 8-OH-DPAT, autopsy Decreased

5-HT2A receptor
Baeken et al. (1998) Cortex 123I-5-I-R91150, SPECT Decreased
Meltzer et al. (1998) Cortex 18F-Labeled altanserin, PET Decreased
Wang et al. (1995); Sparks (1989) Frontal, occipital 18F-Labeled NMS PET Decreased
Burnet et al. (1994) Hippocampus mRNA, RT-PCR, autopsy Unchanged

5-HIAA
Hartikainen et al. (1991) Cerebrospinal fluid HPLC Unchanged
Bareggi et al. (1985) Cerebrospinal fluid HPLC Increased

Note. β-CIT = β-carbomethoxy-3β-(4-iodophenyl) tropane; 5-HIAA = 5-hydroxyindoleacetic acid; 5-HT = hydroxytryptamine (serotonin); IMI = imipramine;
8-OH-DPAT = 8-hydroxy-2(di-N-propylamino) tetralin; MAO = monoamine oxidase; NMS = N-methylspiperone; PET = positron-emission tomography; RT-PCR = reverse transcrip-
tase–polymerase chain reaction assay of mRNA levels; SPECT = single photon emission computed tomography.
aComplete reference citations are at the end of the chapter.
bSerotonin is preferentially metabolized by MAO-A.
Source. Adapted from Baeken et al. 1998; Bareggi et al. 1985; Burnet et al. 1994; Marcussen et al. 1984, 1987; Meek et al. 1977; Meltzer et al. 1998; Middlemiss et al. 1986; Oreland and
Gottfries 1986; Sparks 1989; Wang et al. 1995.



antidepressants also prolong cardiac conduction, another
adverse effect that worsens with age, to a varying degree
among individual patients and may preclude their use in
predisposed patients. Although MAOIs may be better
known for hypertensive crises that result from interactions
with tyramine-containing foods, sympathomimetic drugs,
and meperidine, treatment with MAOIs typically produces
some degree of hypotension, especially among the elderly.
This adverse effect is shared by selegiline, which is rela-
tively selective for the B form of monoamine oxidase that is
preferentially localized to the brain. By contrast, the SSRIs
do not induce significant hypotension or prolongation of
cardiac conduction, a feature that has contributed to their
popularity in the treatment of depression in the elderly.

Orthostatic hypotension is also a common adverse ef-
fect of antipsychotic medications. The phenothiazines
with the lowest antipsychotic potency possess the greatest
α1-antiadrenergic and antimuscarinic potency (e.g.,
chlorpromazine, thioridazine). These properties make
them unsuitable for the treatment of most elderly patients.
Higher potency neuroleptic agents such as haloperidol
produce less hypotension and are better tolerated by el-
derly patients at modest doses (usually less than 4 mg/day).
However, at higher doses, significant parkinsonian symp-
toms usually emerge. Newer atypical antipsychotic drugs
that possess fewer hypotensive and extrapyramidal effects

are likely to play an increasingly important role in the
pharmacotherapy of neuropsychiatric disorders in the el-
derly (see Chapters 14 and 34 in this volume).

Lithium can contribute to postural hypotension by in-
ducing diuresis through direct effects on the kidney (diabe-
tes insipidus). As already discussed, the degeneration of
central aminergic systems that occurs in Parkinson’s dis-
ease may be accompanied by manifestations of autonomic
dysregulation in the periphery, including orthostatic hypo-
tension (among others). Moreover, the common treat-
ments for Parkinson’s disease, that is, L-dopa
((+)-carbidopa), bromocriptine, selegiline, and anticho-
linergic agents, all share hypotension among their side-
effect profiles.

Drug-Related Falls

Aging is an important risk factor for accidental falls
(Cumming 1998). About one-third of community-
dwelling individuals over 65 fall at least once each year and
nearly 10% have recurrent falls (Tinetti et al. 1988). The
incidence of falling increases progressively in this popula-
tion after the age of 65, nearly doubling by age 90 (Camp-
bell et al. 1989, 1990). Not surprisingly, the risk of acciden-
tal falls is greater among nursing home residents and
hospitalized patients than community-dwelling individu-
als of similar age (Tinetti and Speechley 1989).

Hip fractures are among the most common conse-
quences of falling, and the incidence of hip fractures also
increases with age. Among women over age 80, the annual
incidence of hip fractures is about 3% per year, nearly twice
that for men (Cummings et al. 1985). This gender differ-
ence may reflect greater osteoporosis and lower bone den-
sity among women compared with that of men. Hip frac-
tures are often important harbingers of functional decline.
The majority of people who have hip fractures never return
to their previous level of physical functioning. About a fifth
of such individuals die within a year of the hip fracture and
another fifth transition to a residential care setting
(Cumming et al. 1996; Katelaris and Cumming 1996).
Sequelae of hip fractures can also include myocardial
infarctions, strokes, excessive bleeding in patients taking
anticoagulants, and pneumonia during the recovery phase.
Other fall-related fractures can involve the wrist, humerus,
ankle, and other bony structures that contribute to disabil-
ity but typically have less serious consequences than hip
fractures (Ray et al. 1987).

Patients who take psychotropic medications, includ-
ing antidepressants, benzodiazepines, and antipsychotic
drugs, are at increased risk of falling and having hip frac-
tures. The evidence implicating antidepressants is the most
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TABLE 33–10. Common contributors to
orthostatic hypotension in the
elderly

Central homeostatic mechanisms (decreased)
Autonomic regulation (decreased baroreceptor response,

decreased vascular compliance, decreased response to
adrenergic stimuli)

Renin-angiotensin-aldosterone system (decreased response
of juxtaglomerular cells)

Age-related diseases (e.g., heart disease, diabetes,
Parkinson’s disease)

Medications
Antihypertensives/congestive heart failure (calcium

channel blockers, α- and β-adrenergic blockers,
angiotensin-converting enzyme inhibitors, nitrates)

Psychotropic drugs
Antidepressants (heterocyclic antidepressants,

monoamine oxidase inhibitors)
Antipsychotics (conventional antipsychotics, especially

low potency phenothiazines)
Lithium
Anti-parkinsonism drugs (L-dopa, bromocriptine,

selegiline, anticholinergics)



compelling. Antidepressant medications have been associ-
ated with falls and hip fractures among elderly individuals
who reside in a variety of settings (community, nursing
homes, and acute care and rehabilitation hospitals), and
this association remains robust in studies that controlled
for numerous potentially confounding variables (Lipsitz et
al. 1991; Ray et al. 1987, 1991; Ruthazer and Lipsitz 1993).
Interestingly, SSRIs have been reported in one study to be
more strongly related to falls than were tricyclic antide-
pressants (Ruthazer and Lipsitz 1993). Although this result
is somewhat surprising, it may result from impairments in
balance produced by some SSRIs or may reflect the use of
SSRIs in patients with greater medical comorbidity.
Heterocyclic antidepressants have several pharmacologi-
cal effects that probably contribute to accidentals falls.
These effects include sedation, psychomotor retardation,
postural hypotension, and anticholinergic properties that
may cause blurred vision and cognitive impairment. The
risk of falling appears to be the greatest during the first 90
days of antidepressant treatment (Ray et al. 1991), when
initial dosages are being adjusted and before physiological
adaptation to these adverse effects has fully occurred.

Although sedative/hypnotic/anxiolytic agents have been
reported to increase the risk of falling, the most convincing
evidence involves the use of benzodiazepines (Aisen et al.
1992; Cumming and Klineberg 1993; Cumming et al. 1991;
Gales and Menard 1995; Lord et al. 1995; Luukinen et al.
1995; Ray et al. 1987, 1989; Ryynanen et al. 1993; Sorock and
Thimkin 1988; Yip and Cumming 1994). The level of in-
creased risk of falling is related to the use of elevated dosages,
long-acting agents, and the coadministration of more than
one benzodiazapine. Patients taking excessive doses of
benzodiazepines are at substantially greater risk of hip frac-
ture regardless of the benzodiazepine prescribed (Herings
et al. 1995). The increased risk of falling associated with
benzodiazepine usage appears to result from sedation and
related psychomotor retardation.

Antipsychotic drugs, chiefly phenothiazines, also in-
crease the risk of falls (Mion et al. 1989; Prudham and Ev-
ans 1981; Ray et al. 1987; Sorock 1983; Yip and Cumming
1994). Most of this evidence has resulted from studies of
patients in nursing homes and rehabilitation settings. Lit-
tle evidence exists on the relative risk of falling associated
with specific antipsychotic drugs. These agents may in-
crease the risk of falling by producing sedation, orthostatic
hypotension, extrapyramidal gait disturbances, and anti-
cholinergic effects that impair cognition or vision. If so, the
risk of falling would be expected to be lower among pa-
tients receiving modest doses of high-potency neuroleptics
or atypical antipsychotic drugs that produce fewer of these
adverse effects.

Evidence for the role of cardiovascular medications in
contributing to falls is less conclusive than for psychotropic
medications. This may be a result of the common practice
of grouping various cardiovascular medications together
into a single classification rather than analyzing their indi-
vidual contributions. Some studies have reported an asso-
ciation of the use of antihypertensives with falls (Campbell
et al. 1989; Lord et al. 1994; Wells et al. 1985), an effect that
may be a result of symptomatic postural hypotension
(Ensrud et al. 1992). However, thiazide diuretics have the
potential to confer a protective effect against fractures
through a positive effect on bone density (Jones et al. 1995;
Middler et al. 1973). The use of digoxin, nitrates, and cal-
cium channel blockers have also been reported to be associ-
ated with falls (Cumming et al. 1991; Gales and Menard
1995; Koski et al. 1996; Luukinen et al. 1995).

Several studies have reported that analgesics and
nonsteroidal anti-inflammatory drugs (NSAIDs) are asso-
ciated with an increased risk of falling (Cummings et al.
1991; Lipsitz et al. 1991; Myers et al. 1991). The extent to
which potential confounding effects of arthritis contrib-
uted to these findings is uncertain. NSAIDs have also been
reported to cause cognitive dysfunction (Hoppmann et al.
1991), but they also increase bone density and may confer
some degree of protection against hip fractures (Bauer et al.
1996). Narcotic analgesics can increase the risk of fall-
related hip fractures by producing sedation, cognitive im-
pairment, and postural hypotension (Shorr et al. 1992).

Table 33–11 includes a variety of additional risk factors
for falls that result from aging, age-related diseases, medi-
cations, or environmental conditions (Robbins et al. 1989;
Thapa et al. 1995). Many of these risk factors are influ-
enced by contributions from multiple sources. The elderly
often take multiple medications, which increases the risk of
adverse effects, including falls. Lower extremity weakness
and pain may result from a variety of common medical con-
ditions of the elderly including arthritis, heart failure, vas-
cular insufficiency, and stroke, as well as decreased activity
itself. Decrements in gait and balance occur with aging,
medication exposure, and many of the same medical condi-
tions that produce weakness of the lower extremities.
Neurodegenerative conditions such as AD and Parkinson’s
disease may likewise contribute to disturbances of gait and
balance. Symptomatic postural hypotension is also an im-
portant risk factor for falls, and its evolution is addressed in
the previous section. Cognitive impairment and depres-
sion contribute to the risk of falling through multiple
mechanisms. Cognitive impairment often involves impair-
ments of memory, planning, visuospatial function, judg-
ment, and praxis and the development of extrapyramidal
symptoms, all of which predispose to falling. Depression
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slows cognitive and motor skills; antidepressant medica-
tions further increase the risk of falling. Impairments in vi-
sion and hearing occur with normal aging and can be exac-
erbated by conditions such as cataract formation,
glaucoma, macular degeneration, and diabetes, as well as
medications with anticholinergic properties. Also,
proprioceptive and other sensory deficits can arise from B12

deficiency and diabetes (peripheral neuropathy). The de-
velopment of functional impairment is usually related to
the multiple risk factors and conditions listed in Table
33–11. Finally, environmental hazards such as stairs and
poor lighting increase the risk of falling among the elderly.
Assessments of such environmental hazards often identify
risks that are readily eliminated.

Therapeutic Compliance

Ensuring patient adherence to a prescribed treatment plan
(medication compliance) is a complex longitudinal task
that is influenced by many factors (Table 33–12). Estimates
of the extent of medication noncompliance among the el-
derly have ranged from 40% to 75% (Cooper et al. 1982;
Jackson et al. 1989; Lamy et al. 1992; Ostrum et al. 1988).
Inappropriate discontinuation of prescribed medications
may occur in as many as 40% of older adults, usually within
the first year of treatment (Cooper et al. 1982; Jackson et al.
1989; Lamy et al. 1992; Ostrum et al. 1988).

Effective ongoing communication is essential for the

development of a successful doctor-patient relationship.
For older individuals who live independently, this dyadic
relationship does not differ significantly from that devel-
oped between younger adults and their physicians. How-
ever, much of the practice of geriatric neuropsychiatry re-
quires broadening the conceptualization of the doctor-
patient relationship to include a spouse or other family
member who serves as the primary caregiver, as well as the
patient’s primary care physician. For patients in residential
care settings, this collaboration best includes a clinician
from the facility. Although the geriatric psychiatrist must
remain mindful of confidentiality issues, the short-term
and sustained effectiveness of neuropsychiatric interven-
tions is dependent on the successfulness of these collabora-
tors in implementing a consensual treatment plan.

Guided by the diagnostic assessment, a clearly articu-
lated treatment plan, including what medications are being
prescribed for specific indications, the dosing regimen, and
a review of potential side effects, must be discussed with the
patient and relevant caregivers. In general, in-person or
verbal communications are superior to written materials
alone in encouraging compliance. Sensitivity to ethnic and
cultural diversity also enhances compliance. Formulation
of the medication regimen should include attention to the
age-related pharmacokinetic and pharmacodynamic prin-
ciples described in this chapter including complications
that might arise from the use of over-the-counter medica-
tions. Because increasing numbers of medications and
daily doses of medications discourage compliance (Col et
al. 1990; Lamy 1986; Lamy et al. 1992), efforts should be
directed at arriving at the simplest regimen possible with-
out sacrificing effectiveness. Issues of cost are also impor-
tant for elderly patients who are often supported by fixed
incomes.

These efforts should also include a follow-up plan for
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TABLE 33–11. Reported risk factors for
accidental falls among the elderly

Psychotropic medication (heterocyclic antidepressants,
selective serotonin reuptake inhibitors, benzodiazepines,
antipsychotic drugs)

Cardiovascular drugs (antihypertensives, calcium channel
blockers, nitrates, digoxin)

Analgesics and nonsteroidal anti-inflammatory drugs
Polypharmacy
Lower extremity weakness or pain
Gait and balance impairment
Postural hypotension
Cognitive impairment or depression
Perceptual deficits
Functional impairment
Specific medical conditions and overall burden of medical

problems (arthritis, heart disease, incontinence, neuro-
logical disorders)

Environmental hazards

TABLE 33–12. Factors that influence medication
compliance in the elderly

Doctor-patient relationship and patient education
Ethnic and cultural background
Complexity of regimen (numbers of medications and daily

doses)
Isolation and cognitive impairment
Disturbances of mood, thought, and behavior
Perceived benefit
Medical comorbidity
Adverse effects
Cost
Follow-up



assessing treatment response and monitoring for the po-
tential development of adverse effects. Office calls by the
patient or his or her caregivers to clarify questions or to ad-
dress newly emergent adverse effects should be encour-
aged, especially at times of medication changes or dosage
adjustments. This approach reduces anxiety in the patient
and other caregivers, reduces adverse outcomes, provides
an opportunity to respond to emergent adverse reactions at
the earliest time, builds trust in the doctor-patient-family
relationship, and enhances both compliance and positive
outcomes.

Elders who live independently and lack a network of
family or social supports are at increased risk of missed dos-
ages and irregular dosing schedules. Unfortunately, this re-
sults in decreased therapeutic efficacy and can lead to in-
creased side effects. Incorrect guesses about the source of
particular side effects that are made without consultation
with the physician can result in alterations in the dose or
schedule of the wrong drug. When memory or other cog-
nitive impairment is among the side effects that develop,
compliance is further compromised. As a result, this pat-
tern of partial compliance often progresses to complete
discontinuation of medications. Discontinuation can in-
clude medications used to treat general medical conditions
along with psychotherapeutic agents, a circumstance that
can further compromise the health of the patient. Abrupt
discontinuation can also precipitate toxic withdrawal
states, including delirium.

For patients with cognitive impairment or who have
disturbances of mood, thought, or behavior, the impor-
tance of family or other caregivers in encouraging treat-
ment compliance is essential. Memory and other impair-
ments of cognition can lead to underdosing and
subtherapeutic responses, as well as overdosing and toxic-
ity. Major depression is often associated with excessive
guilt or therapeutic nihilism that undermines compliance,
as well as increased somatic complaints that are often diffi-
cult to distinguish from drug-induced adverse effects. In
contrast, mania and elated mood may preclude accurate
self-perception and the need for treatment altogether.
Paranoid delusions that frequently accompany mood and
neurodegenerative disorders often lead to medication re-
fusal, at least intermittently. The participation and encour-
agement from family members or other trusted caregivers
who support the treatment plan is indispensable in these
circumstances.

The burden of comorbid medical problems also
threatens compliance. Greater numbers of medical prob-
lems complicate and can limit the effectiveness of
psychotherapeutic drugs, lead to the need for more pre-
scribed medications, and increase the risk of adverse ef-

fects. All of these factors highlight the importance of opti-
mizing the patient’s complete medication regimen in
consultation with his or her primary care physician. This
should include an ongoing dialogue between the psychia-
trist and primary care physician as the health care needs of
the patient evolve with time.

Conclusion

Neuropsychiatric syndromes are common disorders
among the elderly that produce suffering, functional dis-
ability, and loss of independence and hasten death. This
burden is born not only by older individuals who have these
syndromes, but also by the families who care for them and
the substantial health care resources that are consumed in
the process. Pharmacotherapy can play an important role
in ameliorating these maladies along with the increases in
morbidity and mortality that they cause.

In this chapter, we illustrate various mechanisms that
contribute to the increased variance and decreased predict-
ability in the responses of older adults to medications, with
a focus on psychotherapeutic drugs. These mechanisms are
numerous, complex, interactive, and drug-specific. More-
over, the picture is incomplete. Much remains to be learned
about the age-related metabolism, clearance, and excretion
of these agents and metabolites, as well as their accessibility
to their presumed sites of action in the brain. Even less sys-
tematic information is available about the organismal, sys-
temic, cellular, subcellular, and molecular mechanisms that
contribute to age-related alterations in tissue sensitivity to
the pharmacological actions of psychotropic drugs. Al-
though the increased sensitivity of the elderly to the ad-
verse effect of psychotherapeutic drugs is well-established,
little evidence exists to demonstrate that aging is accompa-
nied by a similar increase in the therapeutic potency of
these agents. This last observation can result in a reduced
margin of safety.

The difficulty in carrying out experiments designed to
elucidate these areas of human biology has been limiting.
Animal paradigms have not always accurately modeled
their human counterparts, and the results of human in vitro
and in vivo studies have not always been easily reconcilable.
Furthermore, adults over 65 have been underrepresented
in clinical studies. Clinical and preclinical data on elderly
individuals over 75, the most rapidly growing segment of
the United States population, are especially lacking.

The recommendation to “start low and go slow” re-
mains sound practical advice, while monitoring therapeu-
tic response and potential adverse effects in collaboration
with the patient and other caregivers. Newly emergent
signs and symptoms that correspond temporally to the ini-
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tiation of medications or changes in dosage are often medi-
cation related, even if they seem to be outside of the usual
spectrum of side effects for the particular drugs being ma-
nipulated. They may indeed represent unusual side effects
or they may represent more common adverse effects of
coadministered medications whose previously stable plasma
levels were altered as the result of a drug interaction.

To this appropriate recommendation of caution, one
might add the virtues of patience and persistence. Once ini-
tiated, the physician should be patient and resist the urge to
rapidly increase low starting doses of medications in the el-
derly. Unlike most medications used in general medical
practice whose peak actions occur in hours or a few days,
the peak therapeutic effects of most psychotropic drugs
typically occur over weeks to months. This interval is lon-
ger for the elderly than for younger adults. Overly rapid
advancement of dosages, in response to unrealistic expec-
tations that this will hasten therapeutic response, often re-
sults in excessive drug levels in plasma and tissue, with asso-
ciated toxicity.

The consequences of aging and age-related factors, in-
cluding medical comorbidity, can blunt therapeutic re-
sponses and restrict the spectrum of psychotherapeutic
agents that are appropriate for use in particular elderly pa-
tients. Persistence in the pursuit of therapeutic response
and willingness to try alternative pharmacological strate-
gies is often rewarded by remarkable clinical responses that
surprise even family members. The continual development
of novel efficacious psychotherapeutic medications with
increasingly benign side-effect profiles will also contribute
to the successful treatment of neuropsychiatric disorders in
the elderly.

Finally, the achievement of an optimal acute therapeu-
tic response of neuropsychiatric disorders as well as the
maintenance of this response over time may require differ-
ent pharmacological agents or combinations of agents, dif-
ferent treatment modalities (e.g., medications, electro-
convulsive therapy, psychotherapy), and combinations of
these modalities over the remaining life-span of older
adults. These issues are the appropriate subject of future
controlled studies of efficacy as well as intervention studies
that evaluate their effectiveness in nonpsychiatric specialty
and primary care settings.
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34
Psychopharmacology

Steven L. Dubovsky, M.D.

Randall Buzan, M.D.

Accounting for 11% of the population,
elderly individuals take 20%–25% of all

prescribed medications (Sargenti et al. 1988). The aver-
age nursing home patient takes 9.3 medications (Pollock
et al. 1992), at least 1 of which is likely to be a psycho-
tropic medication (Avorn et al. 1992). Patients may con-
tinue for many years to take medications that contribute
to neuropsychiatric morbidity (Salzman 1992).

A number of factors complicate the prescription of
psychotropic medications for geriatric patients with neu-
ropsychiatric illnesses (Ahronheim 1992; Salzman 1992;
Sargenti et al. 1988). Adding these drugs to medications
the patient already is taking—including over-the-counter
substances that may not be reported to the physician—not
only increases the risk of interactions but makes it difficult
for a patient with memory impairment to keep track of
which pills must be taken when. Further, patients with
tremors, arthritis, visual problems, or confusion find it dif-
ficult to open the childproof containers that pharmacists
are required to dispense medications in unless directed
otherwise.

In this chapter, we review the pharmacological treat-
ment of neuropsychiatric conditions in elderly patients. To

facilitate an understanding of parameters that affect
pharmacotherapy in older patients with neuropsychiatric
disorders, we briefly review general principles of pharma-
cology and physiology applicable to geriatric neuro-
psychiatry. We then review the use of the major classes of
psychotropic medications and the treatment of special
problems such as agitation and dementia. Electrocon-
vulsive therapy (ECT), which is clearly effective and well
tolerated in geriatric patients (Philibert et al. 1995), is con-
sidered in detail in Chapter 35.

Changes in the Aging Nervous System
Relevant to Psychopharmacology

Even in the absence of frank neurological disease, changes
in brain structure and function as the nervous system ages
make older patients more vulnerable to side effects of
psychotropic medications (Ahronheim 1992; Rovner
1990; Salzman 1990; Sargenti et al. 1988) (see also Chapter
3). Loss of neurons in the cortex, locus coeruleus, and hip-
pocampus makes sedative and psychomotor side effects
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more pronounced. A gradual decline in central cholinergic
transmission increases sensitivity to anticholinergic side
effects such as confusion and amnesia, which are even more
marked in the presence of dementia. Reduced sensitivity of
baroreceptors in the carotid artery and of hypothalamic
blood pressure regulatory centers, along with decreased
numbers of α1-noradrenergic receptors, make it difficult to
maintain blood pressure in the face of the hypotensive ef-
fects of antidepressants and neuroleptics. A decline in the
number of neurons in the substantia nigra and dopamine
receptors in the corpus striatum increases sensitivity to
extrapyramidal side effects, which is usually a limiting side
effect in the presence of Parkinson’s disease.

Although it is clearly established that elderly patients
are more sensitive to side effects of psychotropic medica-
tions, especially sedation, psychomotor impairment,
orthostatic hypotension, and anticholinergic side effects
(Abernathy 1992), there is no empirical support in most
cases for the common assertion that geriatric patients are
also more sensitive to therapeutic actions (Abernathy 1992;
Young and Meyers 1991). Indeed, reduced sensitivity of
β-adrenergic (Ahronheim 1992; Rovner 1990), benzodiaz-
epine (Young and Meyers 1991), and other receptors may
make some drugs less efficient in elderly patients. This is-
sue is considered in more detail in discussions of specific
medications.

The response to psychotropic medications in older pa-
tients with neurological illness changes as the disease
evolves. For example, loss of dopaminergic neurons re-
duces the capacity of the parkinsonian brain to synthesize
dopamine from L-dopa, resulting in reduced benefit from
treatment as the disease progresses. Similarly, progressive
loss of cholinergic neurons in Alzheimer’s disease makes
drugs that prolong the action of acetylcholine (e.g.,
cholinesterase inhibitors) less effective in the later stages of
Alzheimer’s disease. Loss of postsynaptic dopamine recep-
tors with age makes agitated patients with neuropsychiatric
illness more vulnerable to extrapyramidal side effects of
neuroleptics. These issues are discussed when specific
medications and illnesses are considered.

Psychopharmacological Principles

A few basic concepts are helpful in predicting medication
actions in elderly patients with neuropsychiatric illness
(Abernathy 1992; Ahronheim 1992). Pharmacokinetics, or
what the body does to a drug, refers to factors influencing
drug disposition, including absorption, distribution, me-
tabolism, and excretion. Pharmacodynamics, the processes
influencing the action of drugs at tissue sites, describes

what the medication does to the body. The volume of distri-
bution is the hypothetical volume in which a medication is
in equilibrium, reflecting how widely a drug is distributed
throughout the body.

The elimination half-life is the time required to elimi-
nate half the amount of medication in the body. It takes four
to five half-lives, which for many drugs administered to el-
derly patients is more than 2 weeks (Abernathy 1992), to
eliminate about 90% of a drug. When the interval between
doses is less than the elimination half-life, the medication
accumulates until the amount entering the plasma equals
the amount being cleared (Abernathy 1992). This resulting
concentration is the steady state concentration, which is di-
rectly proportional to the dose and inversely proportional
to the clearance (Young and Meyers 1991). It takes four to
five half-lives to achieve about 90% of a steady state (Aber-
nathy 1992).

Although gastrointestinal absorption is essentially un-
changed in elderly patients (Abernathy 1992; Young and
Meyers 1992), anticholinergic drugs and antacids fre-
quently taken by older neurological patients delay absorp-
tion of other medications (Abernathy 1992). Once a medi-
cation is absorbed, its metabolism is altered in elderly
individuals in several ways (Abernathy 1992; Sargenti et al.
1988; Young and Meyers 1991). First-pass metabolism,
which occurs when a drug is carried from the gut to the liver
after absorption, is slowed because hepatic blood flow de-
creases with age. As a result, the blood level and therefore
the effect of drugs with extensive first-pass metabolism
(e.g., triazolam, midazolam, calcium channel blocking
agents, neuroleptics, and all antidepressants except
trazodone) can be increased.

After entering the circulation following first-pass me-
tabolism, medications undergo another series of metabolic
transformations (Ahronheim 1992; Salzman 1990). Phase I
(oxidative) metabolism is mediated by the cytochrome
P450 oxidase system and produces demethylated biologi-
cally active metabolites. For example, diazepam is metabo-
lized to desmethyldiazepam, desmethyldiazepam is metab-
olized to oxazepam, amitriptyline is metabolized to
nortriptyline, and nortriptyline is metabolized to
11-hydroxynortriptyline. Because phase I metabolism
slows with aging, blood levels and half-lives of parent com-
pounds of many tricyclic antidepressants (TCAs),
benzodiazepines, neuroleptics, and anticonvulsants tend
to increase, causing more toxic, as well as therapeutic, ef-
fects at the same dose. On the other hand, individuals who
are slow oxidative metabolizers when they are younger re-
main slow metabolizers as they age (Pollock et al. 1992).
Phase II metabolism, which through glucuronidation,
acetylation, or sulfation produces inactive water-soluble
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metabolites that are excreted by the kidney, is not altered
by the aging process.

Slowed oxidative metabolism should result in a lower
dose of most psychotropic medications being necessary to
achieve the same blood level. However, metabolic rates
vary substantially from person to person, and the number
of individuals with slow metabolism by the P450 system
does not increase with age (Pollock et al. 1992). Further,
the age-associated decline in P450 activity that has been
observed in animals may not be true of humans (Pollock et
al. 1992). Some older patients therefore will continue to
have rapid phase I metabolism and will need the same med-
ication doses as those required by younger patients to
achieve a therapeutic level (Pollock et al. 1992). In addi-
tion, many studies of pharmacokinetics and drug dosing in
geriatric patients are complicated by the use of mixed-age
samples, different age ranges, and older methodology,
making application of findings to clinical practice difficult
(Salzman 1992).

The distribution of psychotropic drugs changes sub-
stantially with age. Because all of these drugs—with the ex-
ception of lithium—are lipid soluble, they distribute into
fatty tissue, which increases as a percentage of total body
weight from 19% at age 25 to 35% at age 70 (Young and
Meyers 1991). As a result, psychotropic medications dis-
tribute more widely in peripheral tissues and remain in the
body longer, and the proportion diffusing into the brain
diffuses more slowly because of increased distribution else-
where (Abernathy 1992). Because equilibration in the body
takes longer, it takes more time to reach a steady state and
thus the onset of therapeutic effect may be delayed. Side ef-
fects and drug accumulation may also begin later than an-
ticipated (Abernathy 1992). The reverse effects occur with
lithium, which, being hydrophilic, has a decreased volume
of distribution in elderly patients (Abernathy 1992).

All psychotropic medications except lithium are exten-
sively bound to plasma protein, and only the unbound frac-
tion is available both for pharmacological action and for
metabolism (Abernathy 1992; Young and Meyers 1991).
Changes in protein binding do not produce noticeable
changes in drug action in healthy geriatric patients, but
those with marked decreases in serum albumin concentra-
tion (e.g., because of inanition) may develop elevated levels
of free benzodiazepines and anticonvulsants (Young and
Meyers 1991). Acutely ill geriatric patients may have ele-
vated levels of α1-glycoprotein, which binds heterocyclic
antidepressants (HCAs) and neuroleptics, leading to re-
duced therapeutic effects of these drugs at the same total
blood level (Sargenti et al. 1988).

All psychotropic drugs are excreted by the kidneys,
lithium directly and other medications after metabolic

transformation in the liver to hydrophilic metabolites (Ab-
ernathy 1992; Young and Meyers 1991). As a result of re-
duced renal blood flow, creatinine clearance falls by as
much as 60% in elderly patients (Abernathy 1992; Young
and Meyers 1991). Reduced renal lithium clearance, com-
bined with lithium’s smaller volume of distribution, leads
to higher lithium levels and a half-life that is increased by
up to 50% (Abernathy 1992; Young and Meyers 1991). Di-
minished clearance of toxic water-soluble metabolites of
TCAs (e.g., 11-hydroxynortriptyline) can enhance cardiac
and other toxic effects of these drugs.

Longer half-lives, longer times to reach a steady state,
larger volumes of distribution of lipid-soluble drugs, and
slower elimination, along with hypersensitivity of the cen-
tral nervous system (CNS) to many toxic effects, necessi-
tate changes in prescribing practices for elderly neuropsy-
chiatric patients. Initial doses should be lower than for
younger patients, and more time should elapse between
dose increases. Some patients may achieve therapeutic lev-
els at lower final doses, but others may ultimately require
the same or even higher doses as those required by younger
patients. The appearance of toxicity, especially in the CNS,
as well as therapeutic effects, may be delayed longer than in
younger adults. Approaches to these problems are outlined
in the following discussions of specific medication
categories.

Omnibus Budget Reconciliation Act
and Prescribing Practices

Concerns that 33%–74% of nursing home residents were
receiving psychotropic medications led to regula-
tions—outlined in the Omnibus Budget Reconciliation
Act of 1987 (OBRA-87)—limiting the use of these medica-
tions in long-term care facilities (Hawes et al. 1997; Lantz
et al. 1996). These regulations have been in effect since
1990 for Medicare- and Medicaid-certified nursing homes
(Hawes et al. 1997). Among the changes instituted by
OBRA-87 was regular functional assessment of nursing
home patients using the Resident Assessment Instrument
(RAI), which measures physical functioning, mood, behav-
ior, activities of daily living, and other basic functions.
Mandating use of the RAI tripled the amount of accurate
patient data in nursing home charts, although data in the
charts of 51% of residents are still incomplete (Hawes et al.
1997). Prescriptions of antipsychotic and antianxiety drugs
declined after institution of OBRA regulations, although
this decrease may have been related as much to changes in
standards or practice as to OBRA (Hawes et al. 1997; Lantz
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et al. 1996). At the same time, antidepressant prescriptions
increased, which suggests that depression is being treated
more appropriately (Lantz et al. 1996). Formal educational
programs reduce the inappropriate use of psychotropics in
nursing homes, without producing more disruptive behav-
ior or distress (Avorn et al. 1992).

Despite these advances, many older residents of nurs-
ing homes and elderly patients in general hospitals con-
tinue to receive one or more psychotropic medications,
and for questionable indications (Avorn et al. 1992;
O’Reilly and Rusnak 1990). For example, amitriptyline—
which has anticholinergic, sedative, and hypotensive side
effects that can be dangerous to older patients—and long-
acting benzodiazepines—which increase the risk of falls—
are still prescribed frequently (Avorn et al. 1992). A com-
munity survey in Australia indicated that 40% of elderly
people who complained of insomnia were receiving hyp-
notic medications, but so were 10% of elderly people living
at home and more than one-third of older people living in
institutions who did not have trouble sleeping (S.
Henderson et al. 1995).

Heterocyclic Antidepressants

Depression, the most common psychiatric disorder in el-
derly patients, is often a neuropsychiatric condition in this
population in that it is more likely than other psychiatric
problems in the same age group to be associated with cog-
nitive complaints (McMahon and DePaulo 1992), cortical
and subcortical atrophy and basal ganglia lesions (Coffey et
al. 1993; Rabins et al. 1991), and treatment resistance
(Coffey et al. 1991; Rabins et al. 1991) (see also Chapter
13). Disruption of systems for affective expression caused
by brain lesions can result in atypical presentations of de-
pression that may include unusual course of the neurologi-
cal illness, lack of initiative, pseudodementia, and tooth-
ache and other odd forms of pain (Ruegg et al. 1988;
Salzman 1985).

The three best-studied forms of geriatric depression
illustrate principles that apply to the general use of antide-
pressants in geriatric neuropsychiatry. Poststroke depres-
sion (see Chapters 13 and 27) is more likely to occur in pa-
tients with left-sided lesions; enlarged ventricles and
poorer functioning on mental status examination are addi-
tional risk factors (Dagon 1990; Robinson et al. 1984). Fur-
ther, depression following stroke may represent an interac-
tion between premorbid risk factors such as previous
depressive episodes, side of lesion, and location of lesion
(frontal vs. nonfrontal and dorsal vs. ventral) (C. A. Ross
1992). No matter what the pathophysiology, poststroke

depression may respond to antidepressants (Lipsey et al.
1984; Robinson et al. 1984).

The second common neuropsychiatric presentation of
major depression occurs as a complication of Parkinson’s
disease. This syndrome also may respond to antidepressant
therapy (Cummings 1992). In the third variety of neuro-
psychiatric depression, patients with dementias or other
illnesses affecting the right side of the brain do not appear
depressed because the full depressive syndrome is masked
by aprosodia; such patients may nevertheless benefit from
antidepressants (E. D. Ross and Rush 1981). Antidepres-
sants appear to be less useful in elderly patients with
dysphoria not meeting criteria for major depression
(Salzman 1990).

Antidepressants produce about a 60% remission rate
in elderly patients with depression, compared with a 13%
rate of remission with placebo (Georgotas et al. 1986).
However, relapse is common (Georgotas et al. 1988; Zis
and Goodwin 1979), especially in patients with an incom-
plete remission, chronic depression, and three or more
previous depressive episodes (Georgotas et al. 1988). Con-
tinuation therapy for 8 months to 2 years has been found to
decrease relapse rates substantially, compared with pla-
cebo, in geriatric patients with unipolar depression (Flint
1994; Young and Meyers 1991).

Neurological Uses

Heterocyclic antidepressants (HCAs) include the tricyclic
antidepressants (TCAs) and the tetracyclic antidepressant
maprotiline. Second-generation antidepressants with di-
verse structures, such as trazodone, bupropion, venla-
faxine, nefazodone, and mirtazepine, are the oldest and
best studied of the antidepressants. Although the HCAs are
still prescribed frequently, geriatric patients with CNS dis-
ease often cannot tolerate the anticholinergic, antihista-
minic, and antiadrenergic side effects of these medications,
which cause memory loss, sedation, weight gain, and pos-
tural hypotension. As a result, the HCAs have largely been
replaced as treatments for primary depression in neurolog-
ical patients by newer and better-tolerated antidepressants,
discussed in subsequent sections of this chapter. However,
HCAs and related antidepressants continue to have appli-
cations in some neurological and neuropsychiatric condi-
tions and still play a major role in the treatment of psy-
chotic depression.

HCAs have been used as primary treatments for some
neurological disorders, but these applications have not
been studied formally in elderly neuropsychiatric patients.
Amitriptyline, imipramine, desipramine, doxepin, and
trazodone have been found to reduce chronic pain in both
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the usual antidepressant doses and in lower doses
(Hoogiverf 1985; Rosenblatt et al. 1984). Rectal doxepin at
dosages of 25–150 mg/day has been found to ameliorate
chronic pain in terminally ill cancer patients too weak to
take the medication orally (Storey and Trumble 1992).
Even though many patients with chronic pain are de-
pressed, the antinociceptive effect does not seem to be de-
pendent on an antidepressant action, in that one state may
improve with an antidepressant but not the other. The
finding that desipramine but not fluoxetine was as effective
as amitriptyline for neuropathic pain suggests that a
serotonergic mechanism may not be essential for pain re-
lief by antidepressants, as is commonly assumed (Max et al.
1992).

In younger patients, amitriptyline is frequently used as
a prophylactic agent for migraine headaches (Mathew
1981), and other TCAs are probably effective as well, al-
though propranolol may be a more reliable antimigraine
drug (Goodman and Charney 1985). Many patients find
that migraine headaches become less frequent and less se-
vere with age, permitting a reduction in migraine prophy-
laxis. Highly serotonergic antidepressants such as
fluoxetine and sertraline often make migraine headaches
worse or increase their frequency. On the other hand, the
capacity of trazodone and nefazodone to antagonize
5-HT2 receptors on blood platelets in a manner similar to
that of antimigraine drugs such as the ergotamines may

make these medications more useful for migraine head-
aches (Dubovsky 1994). Fluoxetine (Lauterbach and
Schiveri 1991) and amitriptyline (Schiffer et al. 1985) have
been noted to ameliorate pseudobulbar affect in some pa-
tients with cerebral disease. In addition to 5-HT2 antago-
nist properties that can be helpful for patients with mi-
graine headaches, mirtazepine has 5-HT3 antagonist
properties that can be useful for patients with intractable
nausea. Dopamine reuptake inhibition may make venla-
faxine, which is effective for refractory depression, a poten-
tial treatment for depression in patients with dementia.

Available Preparations

HCAs (Table 34–1) have different structures containing
rings composed of carbon, nitrogen, and/or oxygen with
varying side chains. Tertiary amine TCAs such as amitrip-
tyline and imipramine are used as reference antidepres-
sants in many studies, but they are poorly tolerated by older
patients with organic brain disease. Secondary amine con-
geners of these drugs such as nortriptyline and desipra-
mine, which have the additional advantage of demon-
strated correlations between blood level and clinical
response, are better choices for older patients (Young and
Meyers 1991). Newer antidepressants are no more effec-
tive than the TCAs for nonpsychotic depression and may
be less effective for psychotic depression (Rockwell et al.
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TABLE 34–1. Heterocyclic and related antidepressants in use in the United States

Medication Trade name(s) Starting dose (mg)a Daily dose (mg)a

Amitriptylineb Elavil 10 25–100
Nortriptylineb,c Pamelor, Aventyl 10 10–50d

Protriptylineb Vivactil 5 5–20
Imipramineb Tofranil 10 25–100d

Desipramineb,c Norpramin, Pertofrane 10 25–100d

Trimipramineb Surmontil 10 25–100
Clomipramineb Anafranil 10 50–150
Doxepinb Sinequan, Adapin 10 10–75
Amoxapineb Asendin 10 25–300
Maprotiline Ludiomil 10 25–75
Trazodone Desyrel 25 25–200
Bupropion Wellbutrin 75 75–450
Nefazodone Serzone 50 200–600
Venlafaxine Effexor 25 125–300
Mirtazepine Remeron 7.5 15–30
aGeriatric dose.
bTricyclic antidepressant.
cSecondary amine.
dDose adjusted according to blood level.



1988), but they have fewer sedative, anticholinergic,
cardiotoxic, and psychomotor side effects (Gottfries and
Hesse 1990; Roose et al. 1991).

Metabolism and Dosing

Certain aspects of antidepressant metabolism that change
with aging must be taken into consideration in prescribing
these drugs to older neuropsychiatric patients (Abernathy
1992; Alexopoulos 1992; Cohn et al. 1990; Rockwell et al.
1988). Tertiary amine antidepressants are demethylated to
secondary amines, and these and other antidepressants are
hydrolyzed by the P450 system to water-soluble hydroxy
metabolites that are cleared by the kidneys. Some of these
metabolites (e.g., 10-hydroxynortriptyline, 2-hydroxydes-
ipramine) have been linked to cardiac conduction defects
and some (e.g., 2-hydroxydesipramine) may have antide-
pressant properties.

Because the efficiency of demethylation diminishes
with age, conversion of tertiary amines to secondary amine
metabolites is slower and the parent compounds, which
have more adverse effects, tend to accumulate. In addition,
reduced renal clearance of cardiotoxic hydroxy metabolites
enhances cardiac side effects at therapeutic doses. These
changes make tertiary amine TCAs poor choices for most
elderly patients. Phase I clearance of newer antidepressants
such as fluoxetine, sertraline and bupropion is also im-
paired by age, but less so than that of the TCAs. However,
even in younger patients the half-life of fluoxetine is 1–3
days and the half-life of its active metabolite, norfluoxe-
tine, can increase from 9 days to 3 weeks with chronic use
(Pato et al. 1991). Slower metabolism of antidepressants
results in longer half-lives, more time to reach a steady
state, and higher blood levels of the parent drug. These fac-
tors are not affected by brain disease.

Although therapeutic and toxic blood levels may be
achieved with lower antidepressant doses in elderly pa-
tients, the same blood levels and even the same doses as
those in younger patients may be necessary for an antide-
pressant effect. Young et al. (1985) found a mean dose of 75
mg of nortriptyline per day to be effective for the treatment
of geriatric depression. Roose et al. (1987) administered
nortriptyline at dosages of 87–92 mg/day with mean serum
nortriptyline levels of 92 ng/mL, and imipramine at dos-
ages of 240–280 mg/day with mean serum imipramine plus
desipramine levels greater than 300 ng/mL. Nortriptyline
levels of 50–150 ng/mL and desipramine levels above 125
ng/mL have been found necessary for antidepressant effi-
cacy in elderly patients in other reports (Dagon 1990;
Young and Meyers 1991), and Georgotas et al. (1986) con-
firmed that the range of nortriptyline levels was roughly

the same in elderly patients (50–180 ng/mL) as that usually
reported in younger adults (50–150 ng/mL [Rubin et al.
1985]).

In a study of desipramine in unipolar nonpsychotic de-
pression in patients over age 60 (Nelson et al. 1985), the
minimum effective desipramine level was 115 ng/mL, the
same value found in a comparison group of patients under
age 60. Dosages of 125–350 mg/day were necessary in this
study, and geriatric patients who did not initially respond
improved when the dose was increased until the blood level
was in the therapeutic range. These findings suggest that
although lower doses and blood levels might be used ini-
tially, the dose should be increased in nonresponding pa-
tients until the serum level is in the therapeutic range for
imipramine, desipramine, nortriptyline, and possibly
amitriptyline or until the patient responds. However, side
effects are more likely to occur at higher doses, and adverse
effects are not correlated with blood levels, especially of
parent compounds.

Neuropsychiatric Side Effects

Some side effects of HCAs are particularly problematic in
the neuropsychiatric setting. Examples are summarized in
Table 34–2 (Ahronheim 1992; Alexopoulos 1992;
Baldessarini and Marsh 1990; Bryner and Winograd 1992;
Davidson 1989; Demuth et al. 1985; Flint 1994; Herman et
al. 1990; Jick et al. 1992; Paradis et al. 1992; Rizos et al.
1988; Rockwell et al. 1988; Roose et al. 1987, 1991; Yassa et
al. 1987; Young and Meyers 1991; Young et al. 1985).

Special Considerations

Before depression is treated in elderly patients with brain
disease, an attempt should be made to discontinue medica-
tions and treat underlying illnesses. When antidepressants
are indicated, tertiary amine TCAs should be avoided. Sec-
ondary amine TCAs and newer antidepressants such as
bupropion, venlafaxine, and the selective serotonin
reuptake inhibitors (SSRIs) are better tolerated. Whereas
all TCAs can impair cognitive performance in elderly pa-
tients (Flint 1994), the dopaminergic effect of bupropion
and venlafaxine may enhance cognition in some patients.

Dementia. Patients with diffuse brain disease or with
dysfunction of the right hemisphere may lose the capacity
to express affect directly and may express coexisting de-
pression as negativism, emotional lability, hostility, catato-
nia, or cognitive disturbance out of proportion to the actual
lesion (E. D. Ross and Rush 1981) (see also Chapter 24).
Although there is some controversy (discussed later in this
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TABLE 34–2. Some neuropsychiatric side effects of heterocyclic and related antidepressants

Side effect(s) Manifestations and comments Medication(s)
Cardiovascular side effects Orthostatic hypotension; may cause falls when patient goes

to bathroom in middle of night.
TCAs, trazodone, maprotiline; less marked with secondary amines

and newer antidepressants
Type I antiarrhythmic effect causes suppression of ventricular

arrhythmias and slowing of conduction. Conduction-
repolarization abnormalities with nortriptyline correlated
with concentration of E-10-hydroxynortriptyline.

TCAs

Tachycardia not as marked in older patients as in younger
patients.

Imipramine, amitriptyline, clomipramine, trimipramine, doxepin,
maprotiline, mirtazepine

Aggravation of ventricular tachyarrhythmias. Trazodone, ?other serotonergic antidepressants
Sedation Histamine, subtype 1 (H1), receptor blockade causes

oversedation, impaired memory and cognition, worsening
of organic mental syndromes, and reduced new learning.

Amitriptyline, trimipramine, doxepin, maprotiline, trazodone,
clomipramine, nefazodone, mirtazepine

Psychomotor impairment Impaired driving. Tolerance may not develop. Amitriptyline, imipramine, trimipramine, doxepin, clomipramine,
trazodone

Central anticholinergic
syndrome

Anxiety, agitation, confusion, restlessness, disorientation,
assaultiveness, and psychosis.

Amitriptyline, imipramine, clomipramine, trimipramine, doxepin,
maprotiline, paroxetine

Lowered seizure threshold Usually involves aggravation of preexisting seizure disorders.
Incidence of seizures probably <4 per 1,000 in nonepileptic
patients taking therapeutic doses. Dose-related phenomenon
for all antidepressants.

Bupropion, maprotiline, amoxapine, tertiary amine TCAs, but not
sertraline

Extrapyramidal side effects Parkinsonism caused by dopamine receptor blockade by
amoxapine and inhibition of dopamine release resulting
from serotonergic action of SSRIs.

Amoxapine, fluoxetine, ?other SSRIs, high doses of imipramine
and amitriptyline

Akathisia has mechanism similar to parkinsonism. Amoxapine, fluoxetine, ?other SSRIs
Tardive dyskinesia: orofacial dyskinesia reported in

18 patients, only 6 of whom were taking antidepressant
> 4 months, suggesting chance association except for
amoxapine.

Amoxapine, imipramine, amitriptyline, nortriptyline, clomipramine,
trazodone, doxepin, nomifensine, tranylcypromine

Falls Caused by sedation, orthostatic hypotension, and
impaired balance.

Imipramine, amitriptyline, doxepin, trazodone, clomipramine, SSRIs

Neuromuscular side effects Tremor and myoclonus. TCAs, maprotiline
Peripheral neuropathy. Amitriptyline
Proximal myopathy. Imipramine

Sleep disorders Vivid dreams, nightmares, and insomnia. Desipramine, nortriptyline, protriptyline, fluoxetine
Auditory disturbance Tinnitus. Most TCAs
Urological side effects Urinary retention. Amitriptyline, imipramine, trimipramine, doxepin, maprotiline

Priapism not yet reported in elderly patients. Trazodone
Sexual dysfunction may respond to yohimbine,

cyproheptadine, trazodone.
SSRIs

Note. SSRI = selective serotonin reuptake inhibitors; TCA = tricyclic antidepressant.



chapter) about whether antidepressants can improve cog-
nition and behavior in patients with dementia, a trial of an
antidepressant or ECT may be the only means of deter-
mining how much disability may be attributable to unrec-
ognized depression in these patients (see also Chapter 35).
Antidepressants that should be considered first under these
circumstances are those that might enhance cognition,
such as bupropion and venlafaxine. Other antidepressant
classes should be considered before the TCAs. Acute con-
fusion after ECT may be greater in some patients with de-
mentia, but the underlying dementia is not exacerbated
(Dubovsky 1993).

Parkinson’s disease. The anticholinergic proper-
ties of tertiary amine antidepressants such as imipramine
and amitriptyline could be useful in the treatment of Par-
kinson’s disease; however, the same properties aggravate
the cognitive deficits that are often present and have addi-
tive side effects with other anticholinergic drugs that pa-
tients with Parkinson’s disease may be taking (see also
Chapter 26). Because of its dopaminergic properties, bu-
propion improves parkinsonian symptoms in about
one-third of patients (Cummings 1992). Venlafaxine could
be useful in the treatment of the same group of patients, al-
though its efficacy in parkinsonism has not been studied.
The monoamine oxidase inhibitor (MAOI) L-deprenyl
(selegiline), which is used as a primary treatment for Par-
kinson’s disease, is also an appropriate choice. Stimulants
have dopaminergic properties that could benefit some
parkinsonian patients. The neuroleptic attributes of
amoxapine contraindicate its use in the presence of Parkin-
son’s disease. The use of SSRIs is discussed in a later section.
Independent of its impact on depression, ECT has been
shown to improve signs and symptoms of Parkinson’s disease,
especially in patients with the on-off phenomenon (Cum-
mings 1992; Dubovsky 1993) (see also Chapter 35). Bromo-
criptine,anantiparkinsoniandopamineagonist,mayhavean-
tidepressant effects in some patients, but this and other
antiparkinsonian drugs also may cause depression.

Seizure disorders. In sufficient doses, all antide-
pressants have the potential to lower the seizure threshold
(Davidson 1989), an effect that only rarely causes sponta-
neous seizures in patients without neurological predispos-
ing factors (Jick et al. 1992). For most antidepressants, the
dose at which seizures may occur is considerably higher
than the usually therapeutic range, but in the cases of
bupropion and maprotiline, doses that can produce sei-
zures (greater than 450 and 225 mg/day, respectively, in
younger adults) overlap therapeutic doses (Davidson
1989). Doses of these drugs at which epilepsy may be ag-

gravated in older patients are not known, but because they
may be close to the geriatric therapeutic range, it is wise to
avoid prescribing bupropion and maprotiline to older pa-
tients with epilepsy. Amoxapine, which can cause intracta-
ble seizures in elderly patients and which has extra-
pyramidal side effects, should not be taken at all by these
patients (Litovitz and Troutman 1983). Doxepin, second-
ary amine TCAs, and MAOIs are safer in epileptic patients,
but trazodone, nefazodone, and the SSRIs are the best ini-
tial choices. In one study of younger adults (Cohn et al.
1990), sertraline at a mean dose of 117 mg/day did not
lower the seizure threshold.

Interactions

HCAs interact with many other medications that are pre-
scribed in geriatric neuropsychiatry. Some important ex-
amples are listed in Table 34–3 (Bailey et al. 1992; Dagon
1990; Rizos et al. 1988; Sargenti et al. 1988; Young and
Meyers 1991).

Selective Serotonin Reuptake
Inhibitors

Ease of use and lack of anticholinergic, cardiotoxic, and
hypotensive side effects have made the selective serotonin
reuptake inhibitors (SSRIs) the preferred initial treatment
for primary geriatric depression. The SSRIs have been
found to be as effective as the HCAs in the treatment of ge-
riatric major depression (Flint 1994; Mendels 1993; F. T.
Miller and Freilicher 1995).

Neurological Uses

SSRIs have been used to reduce the frequency of migraine
headaches, although their tendency to increase sero-
tonergic transmission may increase migraine frequency in
some patients (Dubovsky 1994). A capacity to reduce
dopaminergic transmission could be useful for some pa-
tients with tics.

Available Preparations and Dosing

Five SSRIs are available in the United States: fluoxetine,
sertraline, fluvoxamine, paroxetine, and citalopram.
Fluoxetine has a long elimination half-life and has an active
metabolite with an even longer half-life (Dubovsky and
Thomas 1995), making it a better choice for treatment in
older patients. Paroxetine has slightly more anticho-
linergic properties than do other SSRIs and would not be
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used first in patients with dementia. Initial and final doses
for elderly patients are summarized in Table 34–4 (Flint
1994).

Neuropsychiatric Side Effects

Stimulation of serotonin 5-HT2 heteroreceptors by in-
creased synaptic serotonin with SSRIs reduces release of
dopamine, producing extrapyramidal side effects
(Dubovsky 1994). Stiffness, tremor, bradykinesia, and aka-
thisia caused by SSRIs can be particularly troublesome for
patients with Parkinson’s disease (Dubovsky and Thomas
1995). A few cases of tardive dyskinesia have been reported
in younger patients taking SSRIs (Dubovsky and Thomas
1996). The syndrome of inappropriate secretion of anti-
diuretic hormone (SIADH), which can present as confu-
sion or seizures, has also occasionally been reported (Flint
1994). SSRI-induced nausea, which can be a limiting side
effect, can be treated with fresh gingerroot or a serotonin
receptor 5-HT3 antagonist such as ondansetron.

Monoamine Oxidase Inhibitors

Currently undergoing a renaissance, monoamine oxidase
inhibitors (MAOIs) are as effective as TCAs in the treat-

ment of geriatric depression (Georgotas et al. 1986). In-
deed, because activity of the B form of monoamine oxidase
(MAO) increases with aging and is even higher in Alzhei-
mer’s patients and patients with Parkinson’s disease
(Alexopoulos 1992; Danielczyk et al. 1988; Flint 1994),
MAOIs may be particularly appropriate choices in geriat-
ric neuropsychiatry (Rockwell et al. 1988), especially in the
presence of apathy and low motivation (Salzman 1990). Pa-
tients with depression and physical symptoms of anxiety
that mimic symptoms of neurological disease, such as
light-headedness, dizziness, numbness, and paresthesias,
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TABLE 34–3. Some potential tricyclic and heterocyclic antidepressant interactions

Medications Interacting medication(s) Interaction(s)
Tricyclic antidepressants (TCAs) Anticholinergic drugs Additive anticholinergic effects

Tranquilizers, sedatives, low-potency
neuroleptics

Increased sedation

Low-potency neuroleptics,
antihypertensive drugs

Increased orthostatic hypotension

Antihypertensives (clonidine,
guanethidine, bethanidine, and
debrisoquin)

Decreased effect of both classes

Antihypertensives Hypertensive crisis
Type I antiarrhythmics Additive antiarrhythmic effect, prolonged QT,

widened QRS, increased risk of bundle branch
block

Directly acting sympathomimetics Potentiation of sympathomimetic
Disulfiram Increased activity of both classes
Cimetidine Increased TCA levels

All heterocyclic antidepressants Neuroleptics other than flupenthixol Increased levels of both classes; clinically
relevant for antidepressant; increased
intracardiac conduction delay

Stimulants Increased antidepressant levels
Anticonvulsants Decreased antidepressant levels
Cholestyramine Decreased antidepressant levels

TABLE 34–4. Selective serotonin reuptake
inhibitors in use in the
United States

Medication Trade name
Starting dose

(mg)a
Daily dose

(mg)a

Fluoxetine Prozac 10 10–40
Sertraline Zoloft 25 50–200
Paroxetine Paxil 10 10–40
Fluvoxamine Luvox 25 50–200
Citalopram Celexa 10 10–40
aGeriatric dose.



may be candidates for treatment with MAOIs, especially in
the presence of rejection sensitivity, mood reactivity, and
intolerance of or lack of response to HCAs (Pare 1985).

Neurological Uses

L-Deprenyl (selegiline) given at dosages of 5–10 mg/day is
a treatment for Parkinson’s disease. At these dosages,
selegiline does not usually interact with other anti-
parkinsonian drugs or tyramine-containing foods, because
it is selective for the A form of MAO. Increased MAO levels
in Alzheimer’s disease and other dementias may be an indi-
cation that MAOIs could be useful in these conditions, and
selegiline was found in several open studies and one sin-
gle-blind investigation to improve anxiety, depression, and
cognitive dysfunction in patients with Alzheimer’s disease
(Schneider and Sobin 1992) (discussed later in this chap-
ter). Because they suppress rapid eye movement (REM)
sleep and have alerting properties, MAOIs can be used to
treat narcolepsy.

Available Preparations

Three classes of MAOIs (Alexopoulos 1992) are now in use
in the United States (Table 34–5). Tranylcypromine has
amphetamine-like properties and is the most stimulating
of the MAOIs. Inhibition of MAO does not persist as long
after tranylcypromine is discontinued as it does after with-
drawal of other MAOIs. The antidepressant dose of
L-deprenyl (20–40 mg/day) is higher than the anti-
parkinsonian dose. However, side effects may be less trou-
blesome than with other MAOIs. Moclobemide, a revers-
ible inhibitor of MAO-A that at moderate doses does not
interact with tyramine or serotonin reuptake inhibitors,
has been found to be effective in the treatment of geriatric
depression (Flint 1994). Because it does not cause postural
hypotension or have anticholinergic side effects, moclo-
bemide is an appropriate choice for older patients; how-
ever, because it was not deemed to be profitable in the
United States, it will not be released here.

Metabolism and Dosing

MAOIs are metabolized by acetylation, which is not af-
fected by aging; however, plasma levels in elderly patients
are usually higher with a given dose, probably because of
slowing of additional metabolic steps (Alexopoulos et al.
1992). Initial doses, rate of dose increment, and final doses
therefore are lower for geriatric patients than for younger
patients. However, the dose of MAOI necessary to inhibit
MAO is not always lower than in younger patients
(Alexopoulos 1992), and some elderly depressed patients

require the same MAOI doses as do younger patients
(Young and Meyers 1991). In addition, rapid acetylation of
MAOIs is not attenuated by age. Patients who are “rapid
acetylators” may require higher doses than those recom-
mended by the manufacturer, which by and large are not
based on prospective dose-response studies.

Neuropsychiatric Side Effects

MAOIs produce more side effects in elderly patients than
do HCAs (Georgotas et al. 1988). Some examples are listed
in Table 34–6 (Alexopoulos 1992; Georgotas et al. 1986,
1988; Lawrence 1985; Lieberman et al. 1985; Meyler and
Herxheimer 1968; Pare 1985; Sargenti et al. 1988).

Special Considerations

Although seizures have occurred in nonepileptic patients
after overdose of MAOIs, at therapeutic doses these drugs
are safe for patients with epilepsy. Patients with carcinoid
or pheochromocytoma should not be given MAOIs be-
cause of the risk of fatal serotonergic or hypertensive reac-
tions. Selegiline is an appropriate first choice for the treat-
ment of depressed patients with parkinsonism, although at
higher doses (see the following section) it may interact with
levodopa, bromocriptine, and dietary substances. Elderly
patients often do not consider over-the-counter prepara-
tions to be medications, and therefore they do not neces-
sarily avoid such drugs when warned about potential
MAOI interactions. The major risk of MAOIs in dementia
is that patients will not remember the dietary restrictions
(Young and Meyers 1991). On the other hand, in a study of
older patients with depression, Pancheri et al. (1994) found
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TABLE 34–5. Monoamine oxidase inhibitors in
use in the United States

Medication
(by class)

Trade
name

Starting dose
(mg)a

Daily dose
(mg)a,b

Hydrazines
Phenelzine Nardil 7.5 15–60
Isocarboxazid Marplan 5 10–30c

Nonhydrazines
Tranylcypromine Parnate 5 10–40

Phenylethylamines
Selegiline

(L-deprenyl)
Eldepryl 5 10–40e

aGeriatric dose.
bHigher doses may be necessary.
cExperience in elderly patients limited.
dWithdrawn due to poor sales.
eAntiparkinsonian dose = 5–10 mg.



that even though more patients stopped taking moclobemide
than stopped taking imipramine, moclobemide but not
imipramine produced improved cognition as well as im-
provement of anxiety and depression. MAOIs do not aggra-
vate cardiac conduction delays (Young and Meyers 1991).

Interactions

MAOIs have two potentially dangerous interactions. The
first is the hypertensive reaction that occurs with foods that
are high in tyramine content and with certain adrenergic
medications. Hypertensive reactions occur because
MAOIs irreversibly inhibit both MAO-A, which is found
in the gut and the brain, and MAO-B, which is found in the
brain but not the gut. Because gastrointestinal MAO-A
metabolizes ingested tyramine (a pressor amine found in
many foods) before it can be absorbed into the blood-
stream, inhibition of the enzyme results in increased intes-
tinal absorption of tyramine and an amplified pressor re-
sponse that is augmented by decreased tyramine
metabolism in sympathetic nerve ganglia. Hypertensive
crises are no more common in elderly patients than in other
patients (Georgotas et al. 1986), but they are more danger-
ous in patients with fragile cerebral vasculature. Because
selegiline is selective for MAO-B at antiparkinsonian doses
and therefore does not inhibit intestinal MAO, tyramine in
the gastrointestinal tract is degraded normally. However,
at doses greater than 10 mg/day selegiline loses its selectiv-
ity and inhibits MAO-A, producing tyramine reactions.

In a study of traditionally proscribed foods, K. I.
Shulman et al. (1989) found that the tyramine content of
most of them is so low that massive amounts (e.g., 50 glasses
of wine) would have to be ingested to produce a hyperten-
sive reaction. The investigators suggested that a more real-

istic list would include all cheese except cottage cheese and
cream cheese, concentrated yeast extract, sauerkraut,
broad bean pods, aged meats, salami, air-dried sausage, old
chicken liver, protein extracts, spoiled protein-containing
foods, and pure soy products. Patients should refrain from
taking sympathomimetic drugs, including most cold prep-
arations, decongestants, and anorectics. Antihistamines,
acetaminophen, Cepacol, Sucrets, and plain Alka Seltzer
are safe, but Alka Seltzer Plus is not. Dextromethorphan,
which has serotonergic properties, should be avoided be-
cause of the risk of serotonin syndrome (described shortly).

Experience with younger patients suggests that a
10-mg tablet of nifedipine chewed and placed under the
tongue for rapid absorption can blunt the severity of hyper-
tensive reactions (Clary and Schweitzer 1987) until the
more definitive treatment of 2–5 mg of intravenous
phentolamine can be administered. However, nifedipine is
poorly absorbed from the buccal mucosa, and dangerous
hypotension may occur. Chlorpromazine should not be
used to treat hypertensive reactions in geriatric neuropsy-
chiatric practice because of the risk of dangerous hypo-
tensive and anticholinergic side effects.

Becauseserotonin ismetabolizedbyMAO-A, thesecond
type of dangerous MAOI interaction is with serotonergic
substances such as L-tryptophan, meperidine, dextro-
methorphan, imipramine, clomipramine, SSRIs, and possi-
bly buspirone (Salzman 1992; Sargenti et al. 1988). TCAs
other than imipramine and clomipramine can be safely com-
bined with MAOIs if the TCA is started first and low initial
doses of each medication are used. Serotonin syndrome is a
neurotoxic condition characterized by ataxia, hyperreflexia,
myoclonus, excitation, diaphoresis, dysarthria, paresthesias,
fever, confusion, delirium, seizures, coma, hypotension, and
fatal cardiac arrhythmias (Lieberman et al. 1985).
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TABLE 34–6. Some neuropsychiatric side effects of monoamine oxidase inhibitors

Side effect Manifestations Comments
Altered brain function Sedation, activation, headache, paradoxical

reactions, memory loss, confusion, ataxia,
irritability, insomnia, mania, psychosis

Abrupt withdrawal can cause insomnia,
nightmares, mania, psychosis, and delirium.

Autonomic dysfunction Postural hypotension, anticholinergic side
effects, sexual dysfunction

Phenelzine and isocarboxazid most
anticholinergic.

Peripheral nervous system
dysfunction

Peripheral neuropathy, paresthesias,
gait disturbance, falls

Caused by direct neurotoxicity or interference
with B6 metabolism. Pyridoxine replacement
may be helpful.

Neuromuscular irritability Twitching, myoclonus, muscle tension,
tremor, muscle and joint pain

May reflect mild serotonin syndrome. Nocturnal
myoclonus occurs in 10%–15% of patients
taking phenelzine. No tolerance.

Sexual dysfunction Anorgasmia, impotence Cyproheptadine occasionally helpful. Avoid
yohimbine.



MAOIs interact with a number of other kinds of com-
pounds, some of which are listed in Table 34–7 (Lieberman
et al. 1985; Meyler and Herxheimer 1968; Pare 1985;
Salzman 1992; Sargenti et al. 1988).

Stimulants

Stimulants increase central release of norepinephrine, do-
pamine, and serotonin and may have direct dopamine ago-
nist properties (Hoffman and Lefkowitz 1990). Stimulants,
available preparations of which are listed in Table 34–8
(Alexopoulos 1992; Salzman 1992), have been found supe-
rior to placebo in some double-blind studies of geriatric de-
pression and depression in patients with dementia, espe-
cially those who are apathetic and unmotivated (Chiarello
and Cole 1987; Rockwell et al. 1988; Warneke 1990). In ad-
dition, stimulants can improve negative symptoms such as
apathy and withdrawal in geriatric patients with dementia
(Galynker et al. 1997). Chiarello and Cole (1987) sug-
gested that a preference for coffee may be an indication of a
good response to a stimulant.

Depression in neurologically ill patients may respond
within a few weeks to stimulants, although dose-finding
studies have not been conducted. In one study (Holmes et
al. 1989), cognitive deterioration was found to improve
along with depression when human immunodeficiency vi-
rus (HIV) encephalopathy was treated with stimulants.
Tolerance to the antidepressant effect generally has not
been noted in older neuropsychiatric patients (Kaufman et
al. 1984), and appetite and sleep improve when the depres-
sion remits. The medication can sometimes be withdrawn
after a few months without return of symptoms (Kaufman
et al. 1984), especially if the underlying neurological illness

improves, but chronic treatment has been successful in
some instances (Chiarello and Cole 1987).

Stimulants can also be used to augment HCA therapy
in treatment-resistant geriatric depression (Warneke
1990). One strategy for patients who cannot tolerate thera-
peutic doses of HCAs is to administer a lower dose of HCA
and increase the blood level of the HCA with a stimulant
(discussion follows), avoiding side effects associated with
products of first-pass metabolism. Intermittent treatment
of bipolar depression with a stimulant can reduce the risk of
antidepressant-induced hypomania or mood cycling. The
major neurological uses of stimulants are in the treatment
of narcolepsy and of apathy and cognitive deterioration in
dementia.

Metabolism and Dosing

Until formal data have been collected concerning stimu-
lant metabolism in elderly patients, low initial doses and
gradual increments (e.g., in the case of methylphenidate,
by 2.5 mg/day every week) are recommended (Table 34–8).
Dosages of 5–15 mg/day are often successful in antidepres-
sant augmentation, and administration of 10–40 mg/day is
successful as primary treatment for depression in elderly
neurologically ill patients. Adderall, a proprietary combi-
nation of l- and d-amphetamine used to treat atten-
tion-deficit disorder in children, has not been studied in el-
derly patients with neuropsychiatric illness.

Neuropsychiatric Side Effects

Stimulant side effects are usually dose related, toxicity be-
ing rare at doses less than 15 mg/day (Hoffman and
Lefkowitz 1990). Many of the adverse effects noted in Ta-
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TABLE 34–7. Some potential monoamine oxidase inhibitor interactions

Medication(s) Interaction(s)
Hydrazinea plus nonhydrazineb MAOI Fever, hypertension, convulsions, stroke, coma
Levodopa Hypertension; less with carbidopa
Amantadine Hypertension
General anesthetics, sedatives, narcotics, antihistamines,

neuroleptics, antiparkinsonian drugs
Potentiation of central nervous system depression due to

inhibition of hepatic metabolism
Antihypertensive drugs Increased hypotension
Insulin Increased hypoglycemic effect
Reserpine, tetrabenazine Excitation
Aspartane Headache, diaphoresis
Bupropion Increased bupropion toxicity, serotonin syndrome

Note. MAOI = monoamine oxidase inhibitor.
aPhenelzine and isocarboxazid.
bTranylcypromine and pargyline.



ble 34–9 represent excessive CNS and cardiovascular stim-
ulation (Ahronheim 1992; Hoffman and Lefkowitz 1990;
Rockwell et al. 1988; Young and Meyers 1991).

Special Considerations

The dopaminergic properties of stimulants could be use-
ful for patients with depression and parkinsonism, but
the same effect aggravates chorea and psychosis and may
lower the seizure threshold. As discussed later in this
chapter, a trial of stimulants in patients with dementia
may help to identify the component that is attributable
to depression.

Interactions

Stimulants increase blood levels of TCAs, neuroleptics,
and other medications metabolized by the P450 system.
Therefore, stimulants can be used to raise serum levels of
another medication, with no dose increase of that drug re-
quired.

Nonpharmacological
Antidepressant Treatments

When interactions, side effects, or lack of efficacy limits
the usefulness of antidepressants, or when the patient is se-

verely ill, ECT is an obvious consideration, even in the
presence of epilepsy, dementia, or delirium (see Chapter
35). Stimulants (discussed in the previous section) are use-
ful in treating apathetic depression associated with neuro-
logical illness. At dosages of 40–90 mg/day, buspirone has
antidepressant effects in younger patients (Rickels et al.
1991), and augmentation of HCAs with buspirone at dos-
ages of 10–60 mg/day can be as effective as lithium aug-
mentation, with fewer side effects in older patients with
brain disease.

Exposure to 2,500–10,000 lux of light for 1
2–2 hours

has been found to be an effective treatment for seasonal af-
fective disorder and some cases of nonseasonal depression.
Like any antidepressant, artificial bright light can induce
hypomania. The incidence of seasonal affective disorder
and the effectiveness of bright light in the geriatric popula-
tion have not been studied formally, but consideration of
this treatment is warranted in patients with a seasonal vari-
ation of mood who cannot tolerate antidepressant side ef-
fects. The use of artificial bright light to treat abnormalities
of the sleep-wake cycle is discussed later in this chapter.
Medications that sensitize the lens and retina of the eye to
phototoxicity—including imipramine, fluoxetine, lithium,
chlorpromazine, thioridazine, and propranolol—should
be used with great caution, if at all, in elderly patients who
are exposed to bright light or who spend much time in the
sun (Roberts et al. 1992).

Repetitive transcranial magnetic stimulation
(rTMS) is a method of regional magnetic stimulation of
the brain that produces localized subconvulsant electri-
cal discharges and that has been found to have antide-
pressant effects in a few animal studies, as well as in some
pilot studies and small controlled comparisons to sham
treatment (George et al. 1997; Markwort et al. 1997;
Zyss et al. 1997). In a study in which subjects were in-
formed of their treatment (Tom and Cummings 1998),
rTMS produced temporary relief of depression in pa-
tients with Parkinson’s disease. Like ECT, rTMS may
improve the movement disorder of parkinsonism itself,
separate from its antidepressant effect (Brandt et al.
1997). An advantage of rTMS is that it does not require
the presence of seizures or high doses of electrical energy
to be effective, and therefore it should be better tolerated
by patients with dementia. A few patients with refractory
depression have responded to rTMS to the left frontal
cortex (Post et al. 1997). However, improvement of de-
pression with rTMS is only transient, and relapse occurs
as soon as the treatment is discontinued (Markwort et al.
1997; Post et al. 1997). Seizures and myoclonus have
sometimes occurred in patients receiving rTMS (Jaggy
and Koch 1997).
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TABLE 34–8. Commonly used central nervous
system stimulants

Medication Trade name
Starting dose

(mg)a
Usual daily
dose (mg)a

d-Amphetamine Dexedrine 2.5 2.5–60
Methylphenidate Ritalin 2.5 2.5–60
Pemoline Cylert 37.5 37.5–112.5
aGeriatric dose.

TABLE 34–9. Some neuropsychiatric side effects
of stimulants

Side effect Manifestations
Central nervous

system stimulation
Agitation, restlessness, tremor,

diaphoresis, hyperreflexia,
confusion, cognitive deterioration,
paranoia, hallucinations, suicidal
and homicidal behavior, convulsions

Cardiovascular
stimulation

Tachycardia, hypertension,
hypotension, headache, palpitations,
arrhythmias, angina, circulatory
collapse, cerebral hemorrhage



Antimanic Drugs

The risk of mania does not increase with age (Young and
Klerman 1992), but bipolar disorder does not “burn out”
with age either (K. I. Shulman et al. 1992; Snowdon 1991;
Young and Meyers 1991) (see also Chapter 13). Between
5% and 10% of elderly patients undergoing treatment for
mood disorders have episodes of mania or hypomania
(Young and Klerman 1992), and 5%–10% of bipolar pa-
tients become ill for the first time after age 50 (Yassa et al.
1988). Even in the geriatric population, having had previ-
ous episodes of depression without mania is no guarantee
of a unipolar illness, because up to 25 years may elapse be-
tween the onset of depression and the first manic episode
(Snowdon 1991).

As is true of depression, late-onset mania in elderly pa-
tients is frequently an expression of underlying neurologi-
cal disease (Snowdon 1991). In addition, manifestations of
early-onset primary bipolar disorder can be modified later
in life by coexisting brain disease (Young and Klerman
1992). In various reports, 24%–36% of cases of late-onset
bipolar disorder have been associated with overt neurolog-
ical disease (K. I. Shulman et al. 1992; Young and Meyers
1991), which is often present before the onset of mania
(Snowdon 1991). The severity of the neurological compo-
nent is indicated by a retrospective study (K. I. Shulman et
al. 1992) in which half of 50 elderly manic patients were
dead from medical causes after 6 years of follow-up.

One common neurological precipitant of mania is
stroke, especially in association with right-sided lesions of
the frontal cortex, basal ganglia, thalamus, or basotemporal
cortex or in association with preexisting subcortical atro-
phy. Other neurological causes of late-onset mania include
adrenal steroids, calcium replacement, levodopa, antide-
pressants, bronchodilators, decongestants, vitamin B12 de-
ficiency, hyperthyroidism, epilepsy, trauma, and degenera-
tive, vascular, or neoplastic disease of the right hemisphere
(Dagon 1990; Snowdon 1991; Yassa et al. 1988; Young and
Klerman 1992).

The frequent association of geriatric mania with neu-
rological disease leads to a high frequency of cognitive dys-
function (Young and Klerman 1992) and resistance to lith-
ium (Hardy et al. 1987; Young and Klerman 1992).
Treatment of neurological causes and withdrawal of medi-
cations that cause mania may lead to improvement, but ad-
ditional antimanic treatments are often necessary.

Lithium

Lithium is the best-studied medication for the treatment
and prophylaxis of mania in elderly patients. Lithium aug-

mentation can be useful in bipolar and, to a lesser extent,
unipolar depression (Jefferson 1990; Roy and Pickar 1985);
obsessive-compulsive disorder (Jefferson 1990; Jenike
1990); and schizophrenia (Jefferson 1990).

Neurological uses. Lithium has been noted in un-
controlled reports to ameliorate cluster headaches, Hun-
tington’s disease, and spasmodic torticollis. Lithium-
induced leukocytosis is a treatment for leukopenia caused
by chemotherapy for cancer and autoimmune disease. Re-
duced renal water conservation caused by lithium therapy
may counteract the syndrome of inappropriate secretion of
antidiuretic hormone (SIADH), which can complicate
some tumors and infections of the CNS.

Metabolism and dosing. Because of age-related
reduction of renal clearance and volume of distribution,
only one-half to two-thirds of the usual adult doses are nec-
essary to achieve the same plasma level as that in younger
patients (Liptzin 1992; Young and Meyers 1991). In elderly
patients, lithium half-life is usually (Ahronheim 1992;
Liptzin 1992), but not always (Hardy et al. 1987), increased
to about 40 hours, resulting in a longer time to reach a
steady state (Liptzin 1992), with a corresponding delay in
onset of therapeutic action as well as slower elimination af-
ter discontinuation. Because of the prolonged half-life,
lithium doses should not be increased more frequently
than once per week (Ahronheim 1992; Liptzin 1992). The
risk of neurotoxic side effects probably warrants even
slower dosage adjustments in elderly patients with neuro-
psychiatric illness.

Clinical lore holds that the therapeutic effect of lith-
ium occurs at lower blood levels as well as lower doses in
elderly patients (Salzman 1990). However, there is no
empirical evidence for this assertion (Hardy et al. 1987;
Young and Meyers 1991). Low starting doses (e.g.,
75–150 mg/day) and maintenance doses (e.g., 600–1,200
mg/day) are appropriate (Ahronheim 1992; Liptzin
1992), but the dose should be increased if the patient
does not respond and the blood level is not in the usual
adult therapeutic range. Single daily doses of lithium en-
hance compliance, reduce adverse effects, and are safe in
elderly patients (Hardy et al. 1987; Mellerup and Plenge
1990).

Neuropsychiatric side effects. Lithium toxicity
is common at serum levels greater than 1.5–2.0 mEq/L, but
toxicity may occur at therapeutic levels, especially in el-
derly patients with CNS disease (Hardy et al. 1987; Liptzin
1992). Toxicity produces a coarse tremor, ataxia, vertigo,
dysarthria, disorientation, nausea, and vomiting. Severe
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intoxication is associated with muscle fasciculations,
hyperreflexia, confusion, delirium, seizures, and coma. Ir-
reversible memory loss, brain damage, cerebellar symp-
toms, and motor deficits may occur following lithium in-
toxication (Saxena and Maltikarjuna 1988).

Lithium side effects, which occur at therapeutic levels,
are more frequent at blood levels above 0.8 mEq/L, al-
though lithium is more reliably prophylactic at higher lev-
els, at least in younger adults (Gelenberg et al. 1989;
Vestergaard et al. 1988). As many as 50% of lithium-treated
patients develop reversible impairment of memory and
concentration, which is problematic for patients with de-
mentia. Hypokalemia increases the risk of neurological
side effects (Jefferson and Greist 1977). Common CNS
side effects are summarized in Table 34–10 (Griffin 1992;

Liptzin 1992; Rizos et al. 1988; Salzman 1990; Saul 1985;
Schneider and Sobin 1992; Young and Meyers 1991).

Special considerations. Lithium can lower the
seizure threshold and induce seizures in nonepileptic pa-
tients (Massey and Folger 1984). However, in one study
(Shukla et al. 1988), lithium at therapeutic levels did not in-
crease seizure frequency or anticonvulsant requirement in
a small group of patients with epilepsy and bipolar disorder.
The use of lithium in elderly patients with seizure disorders
has not been investigated formally, but anticonvulsants
with antimanic properties (discussed later in this chapter)
should be considered for such patients.

Because lithium occasionally causes extrapyramidal
side effects, it can be problematic in parkinsonian patients.
Cognitive side effects of lithium are poorly tolerated by pa-
tients with dementia. Because lithium slows the rate of de-
polarization of the sinus node and conduction through the
atrioventricular node, electrocardiograms should be ob-
tained with dosage increases and cardiac function should
be followed closely in elderly patients with heart disease
who take lithium.

Interactions. Neurotoxic interactions between lith-
ium and neuroleptics, which consist mainly of extra-
pyramidal and neuromuscular syndromes or delirium
(F. Miller and Menninger 1987), may represent aggrava-
tion of lithium neurotoxicity by the neuroleptic, additive
neurotoxic effects or a true interaction between the two
classes of medication. Neurotoxicity is more common with
higher neuroleptic doses and higher lithium levels and may
be irreversible in a few cases (W. J. Cohen and Cohen 1974;
Izzo and Brody 1985). A neurotoxic interaction of lithium
with clozapine that included confusion, delirium,
incoordination, dystonias, and myoclonus has also been re-
ported (Blake et al. 1992). Because neuroleptics are mainly
used to control agitation and psychosis until the antimanic
action of lithium occurs, it has been recommended that the
risk of neurotoxicity could be lessened by deferring lithium
therapy until the patient’s behavior is under control, at
which point the neuroleptic can be gradually withdrawn
(Chou 1991). Other interactions of lithium with drugs used
in geriatric neuropsychiatry are summarized in Table
34–11 (Abernathy 1992; Ahronheim 1992; Chou 1991; Jef-
ferson 1990; Liptzin 1992; P. J. Perry et al. 1984; Rizos et
al. 1988; Salzman 1990; Young and Meyers 1991).

Alternatives to lithium. ECT is clearly effective
for mania in elderly patients (Black et al. 1987; Dubovsky
and Buzan 1997) (see also Chapter 35). None of the medi-
cations that have been used in younger patients with mania
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TABLE 34–10. Some neuropsychiatric side effects
of lithium

Type of side effects Manifestations and comments
Neuromuscular Tremor, ataxia, dysarthria,

incoordination, and myoclonus.
Falls may result from ataxia and
incoordination. Elderly patients
more prone to tremor and
myoclonus.

Mental Impaired memory, concentration, and
consciousness; anterograde amnesia;
aphasia; confusion; dazed feeling;
and flat affect.

Extrapyramidal Parkinsonism.
Degenerative Parkinsonism and

Creutzfeldt-Jakob–like syndrome.
Intracranial Pseudotumor cerebri.
Electroencephalo-

graphically
demonstrated

Generalized slowing, disorganization
of background rhythm, discharges,
rapid eye movement (REM) sleep
suppression, and seizures.

Endocrinological Hyperparathyroidism may produce
mental and neuromuscular
symptoms, especially depression
or mania. Hypothyroidism may
initiate rapid cycling or confusion.

Renal Polyuria and polydipsia not more
common in elderly patients.
Lithium does not cause or
accelerate renal failure in elderly
patients. Nephrogenic diabetes
insipidus may be reduced by
amiloride, which reduces lithium
transport into collecting duct.



as alternatives or adjuncts to lithium have been studied sys-
tematically in elderly patients for this indication (Young
and Meyers 1991), but some anecdotal evidence exists.

Carbamazepine, the best studied of the alternatives to
lithium, may be particularly useful in mixed, rapid-cycling,
and lithium-resistant bipolar disorders, although tolerance
to prophylaxis of mood disorders may develop (Post 1990).
Carbamazepine is an obvious choice for bipolar patients
with epilepsy or electroencephalograms (EEGs) showing
nonspecific abnormalities, and the drug is better tolerated
than lithium in elderly patients with brain damage. How-
ever, carbamazepine can cause confusion and neurotoxicity
in some of these patients, especially when combined with
other antimanic drugs or neuroleptics, and older patients
may be unable to tolerate the sedation it causes.
Carbamazepine can also be useful in trigeminal neuralgia
but is less reliably effective for other kinds of neuropathic
pain (Ahronheim 1992).

Because carbamazepine induces its own metabolism,
the half-life tends to decrease over a month or so from 36 to
10–20 hours (Ahronheim 1992). Some therapeutic, as well
as some toxic, effects of carbamazepine can be attributed to
an active epoxy metabolite (Ahronheim 1992). The initial
dose of carbamazepine in elderly patients should be 50–100
mg (Ahronheim 1992; Salzman 1990). The therapeutic

dosage for epilepsy, and presumably for mood disorders, in
older patients is thought to be 300–1,200 mg/day (Liptzin
1992; Salzman 1990); higher doses may be necessary for
pain control (Ahronheim 1992). Side effects and interac-
tions are noted in Tables 34–12 and 34–13 (Ahronheim
1992; Liptzin 1992; Salzman 1990; Thomas 1997).

Valproic acid appears to be a most useful agent for
some bipolar patients with EEGs showing abnormalities,
rapid cycling, mixed affective states, and resistance to other
medications (Chou 1991). In a few studies, valproate was
found to be effective in elderly patients with bipolar disor-
der (Liptzin 1992). Starting dosages of 125 mg/day and to-
tal daily doses of 125–1,800 mg, with blood levels around
100 ng/mL, have been recommended (Bowden et al. 1994;
Liptzin 1992; Salzman 1990), but these can only be consid-
ered estimates in neurologically ill geriatric patients. Some
valproate side effects and interactions are noted in Tables
34–12 and 34–13.

Verapamil at dosages of 240–480 mg/day has been
used in several elderly patients with dementia and bipolar
disorder, with good results and minimal side effects
(Dubovsky and Buzan 1997; Dubovsky et al. 1986). Nimo-
dipine, which is used to treat some forms of stroke and
which may have applications in dementia, has antimanic
properties (Dubovsky and Buzan 1997) and could also be
useful in geriatric bipolar illness complicated by dementia
or cerebrovascular disease. It has also been observed (but
not demonstrated in controlled studies) that nimodipine
may be a useful antidepressant in patients with dementia
(Riekkinen et al. 1997; Vry et al. 1997). Side effects and in-
teractions of calcium channel blockers are included in Ta-
bles 34–12 and 34–13.

The anticonvulsants lamotrigine and gabapentin have
recently been used as antimanic and mood-stabilizing
drugs. However, there are as yet no published controlled
studies of such indications (Dubovsky and Buzan 1997).
Both medications are well tolerated by elderly patients, the
primary interactions being reduction of the drugs’ serum
levels by carbamazepine and increase of serum levels by
valproate (Thomas 1997). Lamotrigine may have neuro-
protective properties related to reduction of excitatory
amino acid transmission, making it potentially useful for
bipolar patients with cerebrovascular disease (Thomas
1997).

In addition to being used as antimanic and mood-
stabilizing medications, anticonvulsants are used to treat
seizure disorders, the incidence of which increases between
age 60 and 75 (see also Chapter 29). Most new episodes of
epilepsy in elderly patients are secondary to cerebro-
vascular disease, brain tumors, neurodegenerative disease,
and toxic-metabolic conditions (Thomas 1997). Certain
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TABLE 34–11. Some potential lithium
interactions

Medication(s) Interaction(s)
Neuroleptics, carbamazepine,

clonazepam, calcium channel
blockers

Neurotoxicity, increased
extrapyramidal side effects

Thiazide diuretics,
angiotensin-converting
enzyme (ACE) inhibitors

Increase in serum lithium
concentration by 35%

Furosemide, amiloride No effect on lithium
clearance

Theophylline, aminophylline,
?caffeine

Increased lithium clearance,
decreased lithium
half-life

Nonsteroidal anti-
inflammatory drugs

Increase in serum lithium
concentration by 50%

Tetracyclines, spectinomycin,
metronidazole

Increased serum lithium
concentration

Iodine Increased risk of
hypothyroidism

β-Blockers Increased serum lithium
concentration

Fluoxetine Increased serum lithium
concentration



adverse effects of antiepileptic drugs are more common in
elderly patients (Table 34–14) (Thomas 1997).

Antianxiety Drugs

Benzodiazepines and azapirones are the primary treat-
ments for generalized anxiety in elderly patients (see also
Chapter 15). Benzodiazepines are most appropriately used
to treat acute anxiety or insomnia in response to a discrete
stress (Salzman 1990). Because generalized anxiety disor-
der is chronic and recurrent, ongoing treatment is often
necessary. Azapirones are better tolerated by chronically
anxious patients with brain disease, because these drugs do
not impair higher cortical function, but their delayed onset

of action makes them ineffective when used on an
as-needed basis.

Alprazolam has been the most thoroughly studied as a
treatment for panic disorder, but other benzodiazepines
appear to be effective if administered in equivalent doses.
Clonazepam has been used to treat mania (Chouinard and
Penry 1985), although some of its apparent antimanic ef-
fect could be secondary to sedation, which is difficult for
many older neuropsychiatric patients to tolerate. Alprazo-
lam and perhaps other benzodiazepines may have antide-
pressant effects in mixed anxiety-depression, but antide-
pressants and azapirones have a wider margin of safety for
this indication in neurologically ill elderly patients. Aza-
pirones can be used to augment antidepressants in the treat-
ment of depression and obsessive-compulsive disorder.
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TABLE 34–12. Some neuropsychiatric side effects of alternatives to lithium

Alternative Side effect/type of side effects Manifestations
Carbamazepine Neurotoxicity Ataxia, dizziness, sedation, lethargy, diplopia, cognitive

impairment, irritability, confusion, restlessness, seizures
Neuroendocrinological Syndrome of inappropriate secretion of antidiuretic hormone

(SIADH), hypocalcemia
Hematological Transient leukopenia
Hypersensitivity Agranulocytosis, aplastic anemia, thrombocytopenia, rash,

hepatitis, pneumonitis
Valproic acid Neurotoxicity Sedation, ataxia, tremor, impaired memory

Dermatological Rash, alopecia
Gastrointestinal Weight gain, anorexia, nausea, vomiting; hepatitis in 1 in

50,000 adults
Verapamil Neurological Sedation, dizziness, headache, occasional extrapyramidal

symptoms

TABLE 34–13. Some potential interactions of alternatives to lithium

Alternative Medication(s) Interaction(s)
Carbamazepine Lithium Neurotoxicity

Anticonvulsants, neuroleptics,
benzodiazepines, warfarin sodium

Decreased blood level of other medication,
caused by enzyme induction

Fluoxetine Increased carbamazepine levels
Neuroleptics Neurotoxicity
Cimetidine, erythromycin, isoniazid Increased carbamazepine levels

Valproic acid Aspirin Increased valproate levels
Other anticonvulsants Increased levels of other anticonvulsant
Clonazepam Absence status epilepticus

Verapamil Carbamazepine, lithium Increased carbamazepine and lithium levels,
neurotoxicity

Lithium, β-blockers Additive cardiac slowing



Benzodiazepines

Neurological uses. Clonazepam is used to treat
generalized, myoclonic, and absence seizures (Chouinard
and Penry 1985) (see also Chapter 29). Clonazepam may
also be useful in pain syndromes such as trigeminal neural-
gia that are associated with paroxysmal dysesthesias, burn-
ing sensations, and hyperesthesias (Bouckonis and Litman
1985) (see also Chapter 18) and with choroeoathetosis and
neuroleptic- induced akathisia (Chouinard and Penry
1985). Intravenous diazepam is a well-known treatment for
status epilepticus. Intravenous midazolam is used for se-
vere agitation in delirium patients.

Available preparations. Benzodiazepines can be
divided into short– and long–half-life preparations. As a
general rule, the long–half-life drugs are poorly tolerated
by elderly patients with neuropsychiatric illness because
accumulation leads to sedation, amnesia, psychomotor im-
pairment, ataxia, and falls (Mustard and Mayer 1997; Ray
1992). Properties of benzodiazepines used to treat anxiety
are summarized in Table 34–15 (Abernathy 1992;
Ahronheim 1992; Regestein 1992; Salzman 1992; Salzman
et al. 1983). (Benzodiazepine hypnotics are discussed in a
later section.)

Metabolism and dosing. Unlike antidepressants,
anticonvulsants, and low-potency neuroleptics, benzo-
diazepines do not induce their own metabolism (Salzman
1992). Diazepam, chlordiazepoxide, clorazepate, praze-

pam, halazepam, and flurazepam have long elimination
half-lives that are prolonged two to three times in elderly
patients (Regestein 1992), resulting in a longer time to
reach a steady state and drug accumulation over time
(Salzman et al. 1983). Long–half-life benzodiazepines also
have a complex hepatic oxidative metabolism that produces
desmethyldiazepam, an active metabolite with a half-life in
elderly patients of 80–130 hours (Salzman 1990, 1992;
Salzman et al. 1983).

Hydroxylated benzodiazepines such as oxazepam,
lorazepam, alprazolam, triazolam, and temazepam have in-
termediate and shorter half-lives and simpler metabolic
pathways that are not affected as much by aging (Salzman
1990, 1992; Salzman et al. 1983). Such medications do not
accumulate in elderly patients and are quicker to reach a
steady state. Despite long half-lives in elderly patients,
benzodiazepines are often given in divided doses to mini-
mize periods of intoxication caused by blood level peaks.
Recommended dose ranges for geriatric neuropsychiatry
are noted in Table 34–15.

Neuropsychiatric side effects. The older CNS
may be more prone to benzodiazepine toxicity, perhaps
because of increased sensitivity of the benzodiazepine
receptor (Salzman 1992). Patients with disease of the
brain may be even more vulnerable to adverse effects of
CNS depression caused by benzodiazepines, such as ex-
cessive sedation, memory impairment, confusion, falls,
or paradoxical reactions. As they grow older, geriatric
patients may develop benzodiazepine toxicity at doses
that were previously well tolerated (Regestein 1992).
Common benzodiazepine side effects are presented in
Table 34–16 (Ahronheim 1992; Hart et al. 1991; Ray
1992; Regestein 1992; Salzman 1991, 1992; Salzman et
al. 1983; Young and Meyers 1991).

Dependence and withdrawal. Physical depend-
ence on benzodiazepines can occur after treatment for
months with therapeutic doses, especially with shorter-
half-life compounds (Salzman 1991). On abrupt discon-
tinuation, three kinds of syndromes may occur, all of which
are more severe and prolonged in elderly patients with im-
paired central nervous systems (Busto et al. 1986; Noyes et
al. 1988; Salzman 1991). Relapse (return of the original
anxiety symptoms) occurs gradually over weeks to months
in 60%–80% of chronically anxious patients. Rebound (an
intensification of the original symptoms, lasting several
days) occurs within hours to days in 25%–75% of patients.
Withdrawal, which occurs within hours to a day or two of
stopping short–half-life benzodiazepines and within days
to weeks of discontinuing longer–half-life preparations,
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TABLE 34–14. Some side effects of
anticonvulsants

Adverse effect Comments
Megaloblastic anemia Greater incidence of folate

deficiency increases risk of
anemia

Osteomalacia Decreased calcium and vitamin D
intake increases risk

Cognitive impairment Reduced memory and aggravation
of dementia

Depression Anticonvulsants may precipitate or
aggravate symptoms of
depression

Falls Especially with sedating anti-
convulsants

Cardiac conduction
defects

Carbamazepine and oxycarba-
mazepine can worsen conduction
defects and bradycardia
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TABLE 34–15. Some benzodiazepine anxiolytics in use in the United States

Medication
Starting dose

(mg)a
Therapeutic
dose (mg)a

Half-life
(hours) Comments

Midazolam 2.5 5–15 1–3 Used intravenously for agitation and orally for
sleep. Use for anxiety in elderly patients not
studied.

Lorazepam 0.5 0.5–4 12–18 Does not accumulate in elderly patients.
Alprazolam 0.25 0.25–2.0 17–24 Increased half-life in elderly patients.

Has 2 active metabolites.
Oxazepam 10 10–90 10–14 Active metabolite of diazepam with no active

metabolites of its own. Slow onset of action
due to slow absorption.

Clonazepam 0.125 0.25–2 >100 Very sedating. Accumulates with long-term
use.

Diazepam 2 2–10 75–90 Metabolized to desmethyldiazepam, active
metabolite with half-life of 194 hours.

Chlordiazepoxide 5 20–40 30 Metabolized to desmethyldiazepam and
desmethylchlordiazepoxide, both active.

Prazepam
Clorazepate
Halazepam

5
3.75
5

10–15
7.5–30
10–40

See diazepam
These 3 prodrugs (precursors) are

demethylated to desmethyldiazepam,
the major active metabolite.

aGeriatric dose.

TABLE 34–16. Some neuropsychiatric side effects of benzodiazepines

Side effect Manifestation(s) Comments
Central nervous system

depression
Sedation, paradoxical excitement,

disinhibition, suspiciousness,
agitation, aggression, wandering,
ataxia, falls, delirium

Sedation persists up to 2 weeks after discontinuation of
long–half-life benzodiazepines. Tolerance may develop
with careful dosage increases. Long-acting benzodiazepines
are most likely to produce falls, the most common cause of
injury in elderly patients.

Cognitive dysfunction Confusion, anterograde amnesia,
dementia-like syndrome,
aggravation of dementia

Rebound insomnia more common with triazolam and other
very short half-life benzodiazepines; less common with
alprazolam.

Psychomotor impairment Impaired driving Elderly neuropsychiatric patients more vulnerable to psycho-
motor impairment. Benzodiazepines implicated more
frequently than alcohol or other medications in accidents
involving elderly patients. Automobile accidents second
most common cause of injury in elderly patients.

Electroencephalographic
changes

Decreased alpha, increased low-
voltage fast activity, especially in
frontal regions

Depressed patients with increased REM density may develop
nightmares or vivid dreams due to further increased REM
by benzodiazepines.

Note. REM = rapid eye movement.



adds to anxiety autonomic symptoms and new CNS
symptoms such as confusion, tremor, and myoclonus.
Withdrawal symptoms may be even more delayed and pro-
longed in older patients who continue to take benzo-
diazepines or other CNS depressants intermittently.
Withdrawal after a single dose of a benzodiazepine with a
very short half-life such as triazolam and midazolam may
produce rebound anxiety, confusion, and amnesia, espe-
cially in patients with brain disease (Regestein 1992;
Salzman 1992).

Special considerations. Benzodiazepines are ob-
vious choices for treatment of anxious patients with epi-
lepsy, but many geriatric patients with dementia, cerebellar
disease, or psychomotor impairment tolerate these drugs
poorly. Benzodiazepines are often more effective for and
better tolerated in neuroleptic-induced akathisia than are
antiparkinsonian drugs.

Chronic use of benzodiazepines can aggravate existing
cognitive deficits in patients with dementia and cause de-
mentia in neurologically intact patients. The use of these
and all CNS depressants should, therefore, be reviewed be-
fore diagnosis or treatment of primary dementia.

Withdrawal from benzodiazepines and other CNS de-
pressants can produce a variety of neuropsychiatric syn-
dromes (Table 34–17) that are easily mistaken for neuro-
logical illness in elderly patients. These syndromes often
appear when a new physician becomes concerned about a
patient’s use of tranquilizers and discontinues them, when
the patient runs out of medication, or when the medication
is abruptly discontinued after admission to a hospital or
other facility. The latter problem often develops because a
patient does not consider use of the benzodiazepine impor-
tant enough to report it to the physician or conceals use of
the drug out of shame or fear of the physician’s disapproval.
The doctor then underestimates the patient’s drug intake.

Family members can be important sources of information
about the patient’s use of medications prescribed by other
doctors or obtained over the counter. Toxicology screen-
ing is usually negative when an abstinence syndrome is
present, but it may reveal unsuspected use of other sub-
stances.

Withdrawal from any combination of CNS depres-
sants can be diagnosed with the barbiturate tolerance test
(D. E. Smith and Wesson 1970); however, experience with
this test in elderly patients has not been reported in the lit-
erature. Specific dosage guidelines have not been formally
addressed in studies involving geriatric patients, but one
recommendation would be that if phenobarbital is used,
45- to 60-mg doses should be taken on an empty stomach
once signs of withdrawal appear. These doses should be re-
peated every 2–6 hours until intoxication begins to de-
velop. Signs of withdrawal and/or intoxication (e.g., de-
creased level of consciousness, dysarthria, postural
hypotension, hyperreflexia, hyporeflexia, and nystagmus)
should be recorded before and 1 hour after each dose to de-
termine the next dose. Once definite intoxication occurs,
or when 300–500 mg of phenobarbital has been adminis-
tered in a 24-hour period, the total amount is divided into
four doses, given every 6 hours, and the phenobarbital is
withdrawn by about 10% per day. Each specific dose is de-
termined by the patient’s overall course and the patient’s re-
sponse to the last dose. Phenobarbital often begins to accu-
mulate after 4–8 days, and it may be necessary to withdraw
the drug more rapidly at this point. A pentobarbital with-
drawal protocol can also be used in elderly patients (Dubin
et al. 1986), although seizures are more likely if an individ-
ual dose is missed.

Interactions. As indicated in Table 34–18, benzo-
diazepines have pharmacokinetic as well as pharmaco-
dynamic interactions with medications in common use in
neuropsychiatry (Salzman 1992).

Alternatives to benzodiazepines. The only cur-
rently available azapirone is buspirone, which is effective
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TABLE 34–17. Manifestations of central nervous
system depressant withdrawal

Anxiety, panic, insomnia, agitation, restlessness, irritability
Hypersensitivity to light and noise
Headache, dizziness, diaphoresis
Myalgia, tremor, muscle twitching
Fever
Tinnitus, seasickness
Amnesia
Psychosis
Delirium
Seizures

TABLE 34–18. Some benzodiazepine interactions

Medication(s) Interaction(s)
Central nervous

system
depressants

Increased sedation, confusion,
amnesia, and psychomotor
impairment

Opioids Increased respiratory depression
Cimetidine Increased benzodiazepine levels
Anticonvulsants,

adrenal steroids
Decreased benzodiazepine levels



for generalized anxiety in older as well as younger patients
(Salzman 1992). Because buspirone does not impair
cognition or psychomotor function (Hart et al. 1991), it is
preferable to benzodiazepines for treating anxiety in pa-
tients with dementia. However, buspirone is not effective
when given intermittently. The use of buspirone to reduce
agitation in patients with dementia is discussed in a later
section.

Buspirone, gepirone, and ipsapirone have been shown
to have primary antidepressant properties in younger pa-
tients, but the high doses that are necessary (40–90 mg/day)
are difficult for many geriatric patients to tolerate. More
moderate doses (e.g., 10–40 mg/day) may augment the an-
tidepressant or antiobsessional effect of antidepressants,
the only adverse reactions of concern being headache, nau-
sea, dizziness, and mild serotonin syndrome when
azapirones are combined with highly serotonergic antide-
pressants such as fluoxetine. Because buspirone inhibits
presynaptic dopamine autoreceptors, it may enhance
dopaminergic transmission and therefore could be useful
for some parkinsonian patients. The same effect could pro-
duce abnormal movements, but there is no reason this drug
should cause tardive dyskinesia, given that it does not block
postsynaptic dopamine receptors.

TCAs, even if they are not sedating, have been found
to be as effective as benzodiazepines in the treatment of
generalized anxiety disorder; in many studies it was not
clear whether patients might also have been depressed, but
depression was excluded in at least one study (Hoehn-Saric
et al. 1988). Because relatively high doses of benzo-
diazepines may be necessary to treat panic disorder, antide-
pressants other than bupropion are more appropriate
choices for patients with panic disorder complicated by
neurological syndromes who would be expected to be sen-
sitive to benzodiazepine adverse effects and discontinua-
tion syndromes. Venlafaxine and the SSRIs can be effective
for generalized anxiety and are better tolerated by older pa-
tients than are benzodiazepines and TCAs. All other anti-
depressants except bupropion have also been noted to have
anxiolytic properties.

Antihistamines (e.g., hydroxyzine or diphenhydra-
mine, at a dose of 10–25 mg one to four times per day) are
frequently used as anxiolytics or sleeping pills in elderly pa-
tients with dementia (Ahronheim 1992; Salzman 1992).
However, the antianxiety effect is unpredictable, and toler-
ance to the sedative effect usually occurs rapidly. In addi-
tion, anticholinergic side effects aggravate memory loss.
The most appropriate use of antihistamines in geriatric
neuropsychiatry may be for sedating a patient for electro-
encephalography, because they have minimal effects on
this measure.

Antipsychotic Drugs

Antipsychotic drugs are effective for all forms of psychosis.
Well-established indications include schizophrenia, bipo-
lar disorder, and psychotic unipolar depression. In low
doses, antipsychotic drugs can be helpful in psychiatric
syndromes commonly encountered in geriatric neuro-
psychiatry such as hallucinations and delusions caused by
neurological factors, paraphrenia, and late-onset paranoia
(Young and Meyers 1991). Pimozide with or without anti-
depressants has been found effective for mono-
symptomatic hypochondriacal delusions and delusions of
parasitosis (Dagon 1990). The use of antipsychotic drugs
to control agitation in patients with neurological illness is
discussed later in this chapter.

Neurological Uses

Antipsychotic drugs can be used to treat interictal psycho-
ses (Dagon 1990), as can ECT (Dubovsky 1993). Low
doses of most neuroleptics other than thioridazine can
ameliorate nausea and vomiting caused by cancer chemo-
therapy, autonomic dysfunction, vestibular syndromes,
and related conditions (Richelson 1985), although seroto-
nin 5-HT3 receptor antagonists such as ondansetron and
granisetron are more effective and have fewer adverse ef-
fects (Dubovsky 1994). Low doses of chlorpromazine can
stop intractable hiccups, and the phenothiazine
trimeprazine, which does not have antipsychotic proper-
ties, is an antipruritic agent. Haloperidol and pimozide are
often used to control chorea and other involuntary move-
ments in Huntington’s disease and Tourette syndrome.
(The uses of neuroleptics in delirium and dementia are dis-
cussed later in this chapter.)

Available Preparations

The older antipsychotic drugs are neuroleptics (from the
Greek for “to clasp the neuron”) in that they control psy-
chosis and produce neurological side effects. In neuropsy-
chiatric practice, antipsychotic drugs do not differ in effi-
cacy. Older patients with schizophrenia, like their younger
counterparts, seem to respond better to lower than to
higher neuroleptic doses (Weisbard et al. 1997). However,
older patients with schizophrenia may have a different pat-
tern of response to neuroleptics than younger patients,
with more improvement of negative symptoms (Weisbard
et al. 1997). Regardless of diagnosis, older patients with
neurological illnesses have a greater risk of neurological
side effects from neuroleptics. These adverse effects are
less problematic with the newer atypical antipsychotic

Psychopharmacology 799



medications such as clozapine, risperidone, olanzapine,
quetiapine, and ziprasidone because 5-HT2 receptor an-
tagonism ameliorates the motor effects of dopamine, sub-
type 2 (D2), receptor blockade. Like younger patients,
older patients tolerate the atypical antipsychotic drugs
better and those patients with schizophrenia have greater
improvement of negative symptoms with these drugs
(Tamminga and Lahti 1996). Some characteristics of
antipsychotic drugs as used in geriatric neuropsychiatry are
summarized in Tables 34–19 and 34–20 (Ahronheim 1992;
Lohr et al. 1992; Salzman 1990).

Metabolism and Dosing

As with other lipid-soluble medications in elderly patients,
the volume of distribution of neuroleptics is increased and
metabolism is slowed, resulting in a longer time to reach
steady state and prolonged therapeutic as well as toxic ef-
fects (Lohr et al. 1992; Wragg and Jeste 1988). Reduced
dopaminergic transmission in elderly patients may con-
tribute to the development of neurological and anti-
psychotic effects at lower blood levels (Lohr et al. 1992).
Some low-potency neuroleptics (e.g., chlorpromazine and
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TABLE 34–19. Neuroleptic medications in use in the United States

Medication (by class) Starting dosea Usual dosagea Comments
Phenothiazines

Chlorpromazine 10 mg 10–300 mg/day Many active metabolites from complex hepatic and
gastrointestinal metabolism. Hypotension prohibits
parenteral use in elderly patients.

Thioridazine 10 mg 10–300 mg/day Use in elderly patients limited by anticholinergic and

cardiac side effects.

Triflupromazine 10 mg 10–75 mg/day Moderate sedation, hypotension, and extrapyramidal
side effects.

Acetophenazine 10 mg 10–100 mg/day Moderate sedation, hypotension, and extrapyramidal
side effects.

Mesoridazine 10 mg 10–200 mg/day Thioridazine metabolite. May be useful in some
treatment-resistant psychoses.

Perphenazine 2 mg 4–20 mg/day Midrange in potency and side effects.
Trifluoperazine 1 mg 2–15 mg/day More extrapyramidal side effects than with perphenazine
Fluphenazine 0.25 mg 0.5–6 mg/day Most potent phenothiazine.
Fluphenazine

decanoate and
enanthate

0.25 ml 0.25–0.5 ml every
2–3 weeks

Erratic absorption due to decreased muscle mass in
elderly individuals.

Thioxanthenes
Thiothixene 1 mg 1–15 mg/day Similar to trifluoperazine in potency and side effects.
Chlorprothixene 10 mg 10–100 mg/day Similar to chlorpromazine in potency and side effects.

Butyrophenones
Haloperidol 0.25 mg 0.25–8 mg/day Intramuscular dose poorly tolerated by elderly patients.

Diphenylbutyl-
piperidines
Pimozide 0.25 mg 0.25–4 mg/day Calcium channel and dopamine, subtype 2 (D2), receptor

blocking properties. Useful for atypical psychoses, but
high incidence of cardiotoxicity.

Dihydroindolones
Molindone 5 mg 10–100 mg/day Not associated with weight gain or seizures.

Dibenzoxazepines
Loxapine 10 mg 10–100 mg/day Metabolized to amoxapine. May have special applications in

psychotic depression and schizophrenia with secondary
depression.

aGeriatric dose/dosage.



thioridazine) induce their own metabolism and have com-
plex metabolic pathways with many active metabolites,
making them problematic in older patients. Butyro-
phenones and thioxanthenes appear to have only inactive
metabolites (Ko et al. 1985). In a few studies of patients
with Alzheimer’s disease, the effective plasma concentra-
tion of haloperidol to control agitation and psychosis was
less than the 4–18 ng/mL range thought to represent the
therapeutic range for schizophrenia, although most pa-
tients with Alzheimer’s disease cannot tolerate higher lev-
els (Devanand et al. 1992).

In acutely ill younger patients, intramuscular injection
of neuroleptics avoids first-pass metabolism and increases
bioavailability. However, this form of administration is
usually too painful and absorption of drugs administered
by this route is too unpredictable in older patients, who
have decreased muscle mass (Lohr et al. 1992; Wragg and
Jeste 1988). (Intravenous use of neuroleptics is discussed
later in this chapter.)

Neuropsychiatric Side Effects

Antipsychotic drugs are frequently prescribed for older pa-
tients with agitation or psychosis, but these patients are
particularly vulnerable to neurological side effects, sum-
marized in Table 34–21 (Ahronheim 1992; Almeida 1991;
Lohr et al. 1992; Satlin et al. 1992; Wragg and Jeste 1988;
Yassa et al. 1991; Young and Meyers 1991). Elderly patients
with dementia are at increased risk for extrapyramidal side
effects, possibly as a result of degenerative changes in
nigrostriatal pathways, higher blood levels with a given
dose, and longer duration of treatment with greater cumu-
lative neuroleptic exposure (Young and Meyers 1991).
Tremor, rigidity, and bradykinesia are more common side
effects in older patients, whereas dystonia occurs less fre-
quently than in younger patients (Young and Meyers
1991). Acute and chronic extrapyramidal side effects are
less frequent with risperidone, olanzapine, quetiapine, and

zaprasidone and are almost unheard of with clozapine.
Tardive dyskinesia occurs in 20%–40% of elderly pa-

tients taking neuroleptics (Ereshefsky et al. 1989; Saltz et
al. 1991; Yassa et al. 1991). The risk of tardive dyskinesia in
older patients is higher in women and in patients with a his-
tory of acute extrapyramidal side effects, brain damage,
longer neuroleptic exposure, mood disorder, medical ill-
ness, concurrent use of antiparkinsonian drugs, and drug
holidays (Almeida 1991; Lohr et al. 1992). Tardive
dyskinesia in elderly patients must be distinguished from
oral movements due to loose dentures and from spontane-
ous dyskinesias, which occur in 0.22%–5% of elderly indi-
viduals who have not been exposed to neuroleptics (Green
et al. 1993; Yassa et al. 1991), the higher prevalence occur-
ring in patients with brain disease.

Whereas tardive dyskinesia eventually resolves after
drug discontinuation in 80% of younger adults, remission
after the neuroleptic is withdrawn occurs in only one-third
to one-half of geriatric patients (Almeida 1991; Yassa et al.
1991; Young and Meyers 1991). The best strategy for deal-
ing with tardive dyskinesia in older neurologically ill pa-
tients, therefore, is to reduce the risk of its occurrence.
Useful approaches to achieving this goal include using the
lowest possible dose and avoiding drug holidays,
antiparkinsonian drugs, and rapid dose escalations (Wragg
and Jeste 1988). Compared with traditional neuroleptics,
the atypical antipsychotic drugs clozapine, risperidone,
olanzapine, and quetiapine all have a lower incidence of
extrapyramidal side effects and tardive dyskinesia in older
as well as younger individuals (Casey 1997).

Several experimental treatments for tardive dyskinesia
have been introduced, with variable success. Calcium
channel blockers ameliorate dyskinetic movements in ani-
mals and humans but have not been studied extensively
(Dubovsky 1986). Vitamin E has been thought to improve
tardive dyskinesia in 21%–45% of patients in whom
symptoms have been present for less than 5 years (Egan et
al. 1992). However, in a 6-week double-blind, pla-

Psychopharmacology 801

TABLE 34–20. Atypical antipsychotic medications in use in the United States

Medication Starting dose (mg)a Usual daily dose (mg)a Comments
Clozapine 12.5 50–450 Sedation, salivation, and weight gain difficult to tolerate.

Neuroleptic malignant syndrome occasionally
reported.

Risperidone 1 2–6 Extrapyramidal side effects more common than with
clozapine.

Quetiapine 25 50–100 Unclear risk of eye damage.
Olanzapine 0.5 5–15 Weight gain in 50% of patients
aGeriatric dose.
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TABLE 34–21. Some neuropsychiatric side effects of antipsychotic drugs

Side effect Manifestations Comments
Central nervous system

depression
Sedation, confusion, and memory

impairment.
Tolerance may develop within 1–3 weeks if dose is

increased slowly.
α-Adrenergic blockade Orthostatic hypotension. May produce falls, especially in patients with

extrapyramidal side effects.
Priapism. Especially with chlorpromazine and thioridazine.

Not yet reported in elderly patients.
Akathisia May be acute or tardive. Subjective report of

restlessness may be impaired in elderly
patients.

Most common neuroleptic-induced movement
disorder. Treat with decreased neuroleptic dose or
addition of β-blocker or benzodiazepine.

Parkinsonism Tremor, rigidity, bradykinesia, stiffness,
shuffling gait, salivation, and loss of
postural reflexes.

Occurs in 75% of elderly patients. May cause falls.
Try to decrease dose before adding antiparkinsonian
drug. Amantadine may produce less anticholinergic
toxicity than other antiparkinsonian drugs.

Dystonia Spasm of face, neck, and extraocular muscles.
Less frequent in elderly than in younger
patients. Not dose related in elderly patients.

Treat with lower neuroleptic dose, anticholinergic
drug (e.g., benztropine 0.5–1 mg), or
diphenhydramine 25 mg.

Pisa syndrome Dystonic reaction in which body is flexed
to one side.

Responds to same treatment as for dystonia.

Rabbit syndrome Tardive orofacial dyskinesia with 5-Hz lip
movements resembling rabbit chewing.

Responds to anticholinergic medications.

Tardive dyskinesia Orofacial movements most common in
elderly patients. Next in order of frequency
are movements of feet, neck, shoulders,
trunk, diaphragm, pharynx, and intercostal
muscles. May be associated with cognitive
impairment in elderly schizophrenic patients.

Acute extrapyramidal side effects may predict later
tardive dyskinesia in geriatric patients. Tardive
dyskinesia is more frequent and more persistent in
elderly patients.

Catatonia Waxy flexibility, catalepsy, negativism,
mutism, staring, echolalia, and echopraxia.

Responds to withdrawal of neuroleptic and to
amantadine or antiparkinsonian drugs.

Neuroleptic malignant
syndrome

Extrapyramidal signs and dysfunction.
Rigidity, dystonia, tremor, fever, tachycardia,
unstable blood pressure, diaphoresis,
increased serum creatine phosphokinase and
white blood cell count, and myoglobinuria.

Has been reported in elderly as well as in younger
patients.

Seizures Spontaneous seizures or lowered seizure
threshold.

Most frequent with clozapine, loxapine, and low-
potency neuroleptics. Older patients more
susceptible to seizures, especially patients with
history of seizures, central nervous system disease,
or recent electroconvulsive therapy.

Photosensitivity Increased sensitivity of skin and eyes to sun.
May persist for months after drug is
discontinued.

May sensitize eyes to toxic effects of sun or bright
light.

Pigmentary retinopathy Irreversible pigment deposition in retina. With daily doses of thioridazine of > 800 mg.
Syndrome of in-

appropriate secretion
of antidiuretic hormone
(SIADH)

Hyponatremia may produce confusion or
seizures.

Water retention may be aggravated by additional
direct effect of neuroleptic on kidney.

Hypothermia Temperature dysregulation that does not
progress to neuroleptic malignant syndrome.

Especially with clozapine and phenothiazines in
hypothyroid patients.

Electrocardiographically
demonstrated side
effects

Electrocardiographic changes, sudden death
rare.

Thioridazine and pimozide.



cebo-controlled study of the effects of 1,600 IU of vitamin
E daily in 18 patients, one-third of whom were older than
53 years, meaningful improvement was found in only a few
(Egan et al. 1992). Clozapine, which is technically not a
neuroleptic, reduced tardive dyskinesia by 50% or more in
43% of cases, with the greatest efficacy occurring in tardive
dystonia and severe tardive dyskinesia (Lieberman et al.
1991). This effect does not appear to represent temporary
masking of tardive dyskinesia with eventual exacerbation of
the syndrome, as occurs with neuroleptics.

Neuroleptic malignant syndrome, which has been re-
ported in 0.5%–1.0% of patients taking neuroleptics
(Guze and Baxter 1985), has been associated most fre-
quently with high-potency neuroleptics but has also been
reported with low-potency neuroleptics, clozapine,
metoclopramide, carbidopa-levodopa, and withdrawal of
amantadine and carbidopa-levodopa (Mueller 1985;
Pelonero et al. 1985). Older patients seem to be somewhat
less vulnerable to neuroleptic malignant syndrome, but the
risk is increased in the elderly population by brain damage,
other forms of neurological disease, and debilitation
(Mueller 1985). Waiting more than 2 weeks before re-
administering neuroleptics after an episode of neuroleptic
malignant syndrome, using low doses of low-potency
neuroleptics of a different class, and carefully monitoring
vital signs, mental status, and extrapyramidal side effects
may decrease the risk of another episode of neuroleptic ma-
lignant syndrome (Rosebush and Stewart 1989).

Although neuroleptic malignant syndrome can occur
with clozapine, it is much less frequent than it is with
neuroleptics (Kane et al. 1988). However, clozapine is diffi-
cult to administer to elderly patients with neuropsychiatric
illness for several reasons. The risk of agranulocytosis may
increase with age, especially in Ashkenazi Jews (Gelenberg
1992). In addition, sedation, orthostatic hypotension,
hypersalivation, hyperthermia, and akathisia are common
side effects (Wilson 1992). The manufacturer-reported in-
cidence of seizures with clozapine is 1%–2% at doses less
than 300 mg/day and 4%–6% at doses of 300–600 mg/day.
The manufacturer has reported 9 (incidence of 1 in 3,000
patients) nonfatal cases of respiratory or cardiac arrest with
clozapine, in some instances in patients who were also tak-
ing benzodiazepines. Slower dose titration of clozapine is
associated with better long-term results (Chengappa et al.
1995).

Special Considerations

Treatment with neuroleptics of behavioral problems asso-
ciated with delirium and dementia are considered in later
sections of this chapter (see also Chapters 19, 23, and 24).

Clozapine, loxapine, and low-potency neuroleptics should
not be administered to patients with seizure disorders;
haloperidol and molindone may be safer for such patients
(Fenwick 1989). Because dopamine blockade by neuro-
leptics increases prolactin levels, great caution is necessary
when these medications are administered to patients with
prolactin-secreting pituitary tumors or, possibly, a history
of breast cancer. Prolactinemia occurs more frequently
with risperidone than with olanzapine.

Agitation and psychosis in patients with Parkinson’s
disease may be related to dementia or to toxicity of
dopaminergic drugs (see also Chapter 26). If changing the
medication does not relieve psychosis, administering
clozapine at dosages of 6.25–275 mg/day can be effective
(Bajulaize and Addonizio 1992; Lohr et al. 1992), even if
dopamine agonists are continued (Wolk and Douglas
1992). Patients with Parkinson’s disease tolerate neuro-
leptics poorly, but atypical antipsychotic drugs are
sometimes useful. ECT may improve the neurological
illness as well as the psychosis (Dubovsky 1993) (see also
Chapter 35).

Interactions

Antipsychotic agents interact with many neurological and
cardiovascular drugs. Some examples are listed in Table
34–22 (Ayd 1986; Bailey et al. 1992; Dagon 1990; Kahn et
al. 1990; D. D. Miller 1991; Rizos et al. 1988; Sargenti et al.
1988; Sassim and Grohmann 1988).

Alternatives to Antipsychotic Drugs

In neurologically ill patients with catatonia; mania; depres-
sion; schizoaffective, schizophreniform, or some schizo-
phrenic psychoses (Van Valkenberg and Clayton 1983); or
delirium (Dubovsky 1993), ECT can be more rapidly ef-
fective and better tolerated than neuroleptics (see also
Chapter 35). When neuroleptics are necessary, benzo-
diazepines, reserpine, baclofen, or droperidol may aug-
ment the antiagitation (but not the antipsychotic) effect,
reducing the amount of neuroleptic needed for behavioral
control (Bodkin 1990; Richelson 1985). Benzodiazepines
alone may ameliorate catatonia (Fricchione 1989).

Treatment of Insomnia

Complaints of disturbed sleep are more common in elderly
patients than in younger patients (Spiegel 1990). Some
complaints reflect diminished efficiency and more fre-
quent interruptions of sleep (see also Chapter 17). A Dutch
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study of 1,485 elderly individuals (Middelkoop et al. 1996)
found that women had more trouble getting to sleep, had
more interrupted sleep, and used sedative-hypnotics more
frequently, whereas men complained of more daytime
sleepiness. Worrying and nocturia were the most common
causes of insomnia in this study. In other cases, neurologi-
cal or medical disorders disrupt sleep (Regestein 1992;
Salzman 1992; Spiegel 1990). Dementia and delirium are
associated with reversal or fragmentation of the sleep-wake
cycle, more awakenings, and decreased total, stage 4, and
REM sleep. These changes are aggravated by sleeping pills
and other CNS depressants but may be corrected by en-
trainment to normal light-dark cycles. Alzheimer’s disease
is associated with reversal of the sleep-wake cycle, and resi-
dence in long-term care facilities increases the risk of disor-
dered sleep in older patients (Gottlieb 1990). Grief, de-
pression, and anxiety are common causes of disturbed sleep
in elderly patients that respond to specific therapies. Medi-
cal and neurological causes of insomnia in elderly patients
include dementia with sundowning, chronic pain, noctur-
nal myoclonus, restless legs syndrome, sleep apnea, and
gastroesophageal reflux. Many psychoactive substances

used by geriatric patients can produce insomnia (Table
34–23).

Although geriatric patients often request a drug for in-
somnia, frequently the best approach is to stop medications
the patient is already taking, especially sleeping pills. Up to
one-third of elderly people and 20%–40% of patients in in-
termediate care facilities take benzodiazepine sleeping pills
regularly. However, these drugs lose their effectiveness af-
ter 20–30 days, after which time they are taken to prevent
withdrawal insomnia. Sleep architecture may remain ab-
normal for some time after the hypnotic is withdrawn.

The initial approach to geriatric insomnia should in-
clude discontinuing substances such as caffeine and alcohol
that disrupt sleep and treating illnesses that cause insom-
nia. Patients should improve sleep hygiene through such
measures as increasing daytime activity, arising at the same
time each morning, keeping the room at a comfortable
temperature, setting aside a time to review the day’s activi-
ties before getting into bed, and not spending time in bed
when not asleep.

When these measures are not effective, a hypnotic
medication may be appropriate. Benzodiazepine sleeping
pills are best used for time-limited insomnia in reaction to
identifiable stress; when these medications are to be given
chronically, intermittent dosing may prolong their effec-
tiveness. Short–half-life benzodiazepines (Table 34–24)
(Greenblatt et al. 1991; Johnson et al. 1990; Regestein
1992; Salzman 1990; Spiegel 1990) do not accumulate in
elderly patients, but they may produce early-morning
awakening and rebound insomnia when used for more than
1–2 weeks. Longer–half-life preparations are more likely
to produce daytime sedation and psychomotor impairment
(Dubovsky 1993). In the standard geriatric dose (0.125 mg)
triazolam does not appear to aggravate memory loss in pa-
tients with Alzheimer’s disease, but it also seems not to be
effective for disrupted sleep in these patients (McCarten et
al. 1995).

Quazepam, a new hypnotic that is selective for the
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TABLE 34–22. Some antipsychotic drug
interactions

Medication(s) Interaction(s)
Central nervous system

depressants
Increased sedation, confusion,

falls
Guanethidine Decreased antihypertensive

effect
Lithium Increased extrapyramidal side

effects
Anticholinergic

antiparkinsonian drugs,
cimetidine, antacids

Decreased neuroleptic levels
caused by inhibition of
gastrointestinal absorption

Anticonvulsants Decreased neuroleptic levels
caused by increased
metabolism

Tricyclic antidepressants Increased levels of both;
clinically significant only
for tricyclic antidepressant

Levodopa Decreased antiparkinsonian
effect due to dopamine
receptor blockade

Propranolol Increased levels of both classes
Benzodiazepines Physical collapse with

clozapine
Carbamazepine Increased risk of fatal bone

marrow suppression with
clozapine

TABLE 34–23. Substances that cause sleep
disturbances in elderly individuals

Caffeine (stimulant effect lasts 12–20 hours)
Nicotine
Alcohol
Activating antidepressants
Diuretics
Antiarrhythmics
β-Blockers
Chronic use of sleeping pills



benzodiazepine type 1 receptor, should not produce as
much daytime sedation, as much impairment of memory
and psychomotor function (attributed in part to benzo-
diazepine type 2 receptors), or as many withdrawal
syndromes (attributed in part to peripheral-type benzo-
diazepine receptors) as nonselective benzodiazepines.
However, quazepam is metabolized to desalkylflurazepam,
a nonselective flurazepam metabolite that accumulates
with chronic treatment. Zolpidem, a benzodiazepine type
1 receptor selective agonist sleeping pill, has not yet been
found to have a nonselective metabolite that might compli-
cate continued treatment. In a study of zolpidem in geriat-
ric insomnia, 5- and 10-mg doses were found to be equally
effective, and both doses were as effective as 0.25 mg of
triazolam (Roger et al. 1993). Given that confusion oc-
curred only in patients taking triazolam and additional ex-
perience supports the finding of a lack of cognitive impair-
ment with zolpidem (Scharf et al. 1991), zolpidem may be
the first choice among medications acting on benzodiaz-
epine receptors for geriatric insomnia.

Of the available alternatives to benzodiazepines for the
treatment of insomnia in geriatric neuropsychiatry
(Regestein 1992; Spiegel 1990; Salzman 1990), sedating
antidepressants (e.g., trazodone or nefazodone, in doses of
25–75 mg) are most reliable, even in patients who are not
depressed. However, these drugs may cause daytime hang-
over and sedation in older patients with neuropsychiatric
illness. Antihistamines (e.g., diphenhydramine, in doses of
25–50 mg) can be useful sedatives in patients with pruritis,
but in patients with brain disease, they may produce both-

ersome anticholinergic side effects and daytime sedation
that increase impairment of memory and psychomotor
performance. Aspirin at dosages of 325–650 mg/day can
have mild hypnotic effects in some patients and may coun-
teract sleep disruption caused by adrenal steroids and
bronchodilators. In contrast, over-the-counter sleeping
pills, which are frequently used by elderly patients, are not
particularly effective and cause daytime sedation and have
anticholinergic effects (Balter and Uhlenhuth 1991).

Treatment of Delirium

Agitation due to delirium in elderly patients requires ur-
gent intervention when the patient is at risk of injury, dehy-
dration, cardiovascular collapse, or gross noncompliance
with essential medical therapy (see also Chapter 19). Emer-
gency pharmacotherapy in such situations has never been
the subject of controlled studies, but clinical experience has
accumulated with a number of intravenous medications,
particularly haloperidol, benzodiazepines, and droperidol.
As discussed in Chapter 35, one to four ECT treatments
can rapidly ameliorate delirium of virtually any etiology
(Dubovsky 1995). The barbiturate tolerance test discussed
earlier should be considered before any other treatment
when delirium could be the result of withdrawal from CNS
depressants.

Intravenous haloperidol can be useful for treating se-
vere agitation in delirium patients. Therapy is started with
a 1- to 5-mg dose. For patients of mixed ages on a coronary
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TABLE 34–24. Benzodiazepine hypnotics

Medication Dose (mg) Half-life (hours) Comments
Triazolam 0.125a 2–5 Clearance reduced in elderly. Even lowest dose may produce

next-day anxiety, agitation, anterograde amnesia, irritability,
and insomnia.

Midazolam 5–15 1–3 Minimal psychomotor impairment.
Temazepam 10–30 10–20 Higher doses occasionally helpful for some treatment-resistant

patients. Peak plasma levels occur 1 hour after ingestion.
Flurazepam 15 100–200 Not recommended for elderly patients because of

accumulation and central nervous system depression.
Quazepam 7.5–15 Not studied in elderly

patients
Parent drug is selective for benzodiazepine type 1 receptor

but desalkylflurazepam metabolite is nonselective and has
long half-life.

Estazolam 0.5–1 Not studied in elderly
patients

Similar to other high-potency benzodiazepines
(e.g., triazolam).

Zolpidem 5–10 3–6 Nonbenzodiazepine structure but acts on benzodiazepine
type 1 receptor. Less cognitive impairment than with
benzodiazepines.

aThis dose effective in older but not younger adults.



care unit, Tesar et al. (1985) recommended increasing
haloperidol doses rapidly to 30–75 mg and administering
them as frequently as necessary to control agitation. In pa-
tients who are unresponsive to repeated intravenous doses
of haloperidol, an intravenous haloperidol drip at 5–25
mg/hour may be effective (Fernandez et al. 1988). Al-
though extrapyramidal side effects are common with intra-
muscular administration of haloperidol, they are relatively
rare with the intravenous route (Fernandez et al. 1988).

In their work with delirium patients with metastatic
cancer of the brain, many of whom were elderly, Adams et
al. (1986) first administered 3 mg of intravenous haloperi-
dol and then followed with 0.5–1.0 mg of lorazepam. If the
patient did not improve within 20 minutes, 5–10 mg of
haloperidol was combined with or followed by 2–10 mg of
lorazepam; individual doses of haloperidol did not exceed
10 mg. When pain was believed to contribute to delirium,
Fernandez et al. (1988) added 0.5–4.0 mg of hydro-
morphone to each dose of the other intravenous medica-
tions. Patients unresponsive to other treatments have had
amobarbital added to intravenous haloperidol and loraze-
pam, surprisingly without disinhibition or respiratory sup-
pression (Adams et al. 1986). Hypercortisolemia, hypo-
xemia, and hypothyroidism may contribute to resistance to
intravenous haloperidol or lorazepam (Adams et al. 1986).

According to these investigators, one of these regi-
mens usually ameliorates severe agitation within 90 min-
utes. Many patients need no further treatment, whereas
some require additional intravenous or oral doses of 5–10
mg of haloperidol, possibly augmented with 0.5 mg of
lorazepam (Adams 1988; Fernandez et al. 1988). The lon-
gest reported duration of intravenous therapy was 3
months, in a terminally ill patient with an intractable be-
havioral disorder.

Through a survey of British practitioners, Pilowsky et
al. (1992) found that initial intravenous doses of 10–60 mg
of haloperidol per day or 10–80 mg of diazepam per day,
followed by 20–40 mg of haloperidol and/or 10–40 mg of
diazepam, respectively, were used most frequently for un-
controllable agitation in neurological and primary psychi-
atric illness. Intravenous droperidol, a butyrophenone
used as an anesthetic, has also been found to be an effective
antiagitation agent in delirium (Pilowsky et al. 1992; Szuba
et al. 1992). Droperidol, which is associated with an 8% in-
cidence of extrapyramidal side effects in emergency dos-
ing, has higher potency, more rapid onset of action, and a
shorter half-life than does haloperidol (Szuba et al. 1992).
In an average dose of 7 mg, droperidol is equally effective
intramuscularly with an equally low incidence of
extrapyramidal syndromes, making it an appealing choice
for patients who are so agitated or have such fragile veins

that intravenous dosing is not practical.
The tranquilizing effect of midazolam, a lipophilic

high-potency benzodiazepine, occurs quickly with intrave-
nous doses of 5–15 mg, and rapid elimination prevents accu-
mulation and excessive sedation (Bond et al. 1989). Intrave-
nous midazolam controls violent and self-destructive
behavior in mentally retarded younger patients (Bond et al.
1989) (see also Chapter 21) but has not been studied in the ge-
riatric population. Amnesia after a single intravenous dose is
common, but this is not an issue for delirious patients.

Treatment of Lethal Catatonia

ECT is the treatment of choice for lethal catatonia, an un-
usual syndrome of catatonia, neurological signs, and fever
(Mann et al. 1986) (see also Chapter 35). Intravenous
dantrolene was helpful for two elderly patients taking im-
ipramine or diazepam who developed catatonia, leuko-
cytosis, and fever (Pennati et al. 1991). Because of the pos-
sible relationship of lethal catatonia to extrapyramidal
syndromes, neuroleptics should not be administered.

Treatment of Problem
Behaviors in Dementia Patients

Agitation is a nonspecific term for a group of disruptive
behaviors that range from verbal perseveration, yelling,
cursing, biting, and screaming to wandering, pacing, disin-
hibition, sexually inappropriate behavior, property de-
struction, and unpredictable attacks on self and others
(Lantz and Marin 1996) (see also Chapter 22). The inci-
dence of agitation in elderly residents of nursing homes and
among patients with Alzheimer’s disease ranges from 32%
to 85% (Chandler and Chandler 1998; Yudofsky et al.
1997). More than half of a community sample of patients
with dementia were verbally disruptive, and 45% were
physically aggressive (Cohen-Mansfield 1989). The onset
of agitation frequently leads to nursing home admission
(Cohen-Mansfield 1995).

OBRA mandated that specific target behaviors be doc-
umented when neuroleptics are used for agitation in el-
derly patients (Yeager 1995). These behaviors must be dan-
gerous or functionally impairing if they are to be treated
pharmacologically, and attempts should be made at least
every 6 months to taper medications unless there are com-
pelling clinical reasons not to attempt drug withdrawal.
Documenting agitation and its response to treatment can
be difficult because agitation is often intermittent and sub-
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ject to numerous environmental variables (Cohen-
Mansfield 1995; Cohen-Mansfield et al. 1992). Obtaining
1-month baseline scores on an agitation scale (Overt Agita-
tion Scale; Yudofsky et al. 1997) and then quantitatively
tracking response over time permits clinicians to deter-
mine whether there is any measurable correlation of symp-
toms with intervention (Mulsant et al. 1997). The Overt
Agitation Severity Scale is a reliable and valid instrument
that can be easily and effectively used over a 15-minute ob-
servation period (Yudofsky et al. 1997). Some clinicians
prefer individualized instruments using target symptoms
developed in concert with staff members or family mem-
bers who will be applying the ratings. However, global
scores are less accurate than specific behavioral ratings in
estimating the benefits of an intervention (Mulsant et al.
1997).

Before instituting drug therapy for agitation, it is im-
portant to address physiological, environmental, and psy-
chiatric factors (Malone et al. 1993) that may cause or con-
tribute to agitation (Table 34–25). It is particularly
important to withdraw medications that may be disin-
hibiting, especially benzodiazepines. In addition to aggra-
vating confusion, these medications cause hypotension,
falls, and withdrawal syndromes and are poor choices as
treatments for agitation in elderly patients (Mustard and
Mayer 1997; “Practice Guideline” 1997). Useful behav-
ioral interventions include keeping a clock and calendar in
the room; providing a predictable routine; regular reorien-
tation of the patient; encouraging concrete, repetitive con-
versations; reducing complex tasks like bathing to a series
of steps; not confronting memory lapses and delusions; and
installing locks that are difficult to operate, so that wander-
ing is reduced. An ingenious approach was used with one
patient who kept pulling fire alarms in her nursing home,
apparently responding to the word PULL printed on the
switches in bold type. Putting signs that said “Not You,
Gladys!” on all alarms stopped this behavior (L. Robbins,
personal communication, February 1998).

Neuroleptics

Molchan and Little (1995) reviewed 24 studies involving
2,200 patients with dementia and found that delusions
were present in 11%–73% of patients, hallucinations oc-
curred in 3%–67%, misidentifications of persons or places
occurred in 5%–30%, and unspecified psychotic features
were present in 5%–50%. However, psychosis is an un-
common cause of aggressive behavior in this population
(Deutsch and Bylsma 1991). Most of the time, nonspecific
sedative effects of antipsychotic drugs result in, at best, a
modest and transient reduction in agitation and aggression

in patients with dementia who do not have a comorbid pri-
mary psychosis (Risse and Barnes 1986; Schneider and
Sobin 1992).

In a review of 20 controlled studies of neuroleptics that
included a total of 1,207 patients with dementia, Sunder-
land and Silver (1998) found that 60% of patients had posi-
tive short-term clinical outcomes; no neuroleptic appeared
more efficacious than any other. However, after conduct-
ing a meta-analysis of all double-blind, placebo-
controlled, parallel-group studies of neuroleptics in de-
mentia from 1960 to 1982, Schneider and Pollock (1990)
concluded that the benefit from neuroleptics was only 18%
greater than that from placebo. In more recent dou-
ble-blind comparisons in agitated patients with dementia,
improvement with haloperidol, the most frequently ad-

Psychopharmacology 807

TABLE 34–25. Common causes of agitation in
patients with dementia

Medications
Sedative-hypnotics
Anxiolytics
Antihistamines
Antibiotics
Antihypertensives
Any medication, including aspirin

Intercurrent medical disorders
Sleep deprivation
Delirium
Urinary tract infection
Pneumonia
Hypoxemia
Sleep apnea
Subdural hematoma
Chronic pain

Intercurrent psychiatric disorders
Major depression
Bipolar disorder
Panic disorder
Psychotic disorders
Accentuation of maladaptive character traits

Environmental factors
Change of surroundings or roommate
Power struggles with family or staff
Frustration (catastrophic reaction)
Change of staff or personnel
Overstimulating or understimulating environment
Abuse by caretakers



ministered neuroleptic, was no greater than with
oxazepam, diphenhydramine, or trazodone (Coccaro et al.
1990; Sultzer et al. 1997). Such results suggest that any
benefit from neuroleptics may be attributable to nonspe-
cific sedating and tranquilizing actions. In addition, the
best results with neuroleptics have been obtained in shorter
studies (R. Levy 1996), which conclude before there has
been a chance for tolerance to the sedative effect to de-
velop. In the long term, neuroleptics do not even influence
the course of psychotic symptoms in patients with demen-
tia, probably because such symptoms fluctuate spontane-
ously over time (Ballard and O’Brien 1997). Further, more
than 20% of neuroleptic-treated dementia patients exhibit
increased confusion and motor symptoms (Goldstein and
Birnbom 1976; G. R. Smith et al. 1974).

The risk of tardive dyskinesia is five to six times greater
in older individuals with dementia than in younger demen-
tia patients (Jeste et al. 1996). In addition, neuroleptics may
have adverse effects on cognitive function. In a prospective
2-year study of 71 patients with dementia, the mean de-
crease in cognitive scores was twice as great among the 16
patients who took neuroleptics as it was among patients not
treated with these drugs (P = .002), and the rate of cogni-
tive decline increased after neuroleptic therapy was begun
(McShane et al. 1997). Cortical Lewy bodies on autopsy
did not explain the differences between neuroleptic-
treated and non–neuroleptic-treated patients. Although
another autopsy study showed no correlation between
neuroleptic use in 7 schizophrenic patients and the devel-
opment of Alzheimer’s pathology (Niizato and Ikeda
1996), additional clinical experience has reinforced the im-
pression that neuroleptics can impair cognition as well as
motor function (Ahronheim 1992; Risse and Barnes 1986;
Wragg and Jeste 1988). Even if neuroleptics do not hasten
cognitive deterioration, the risks of chronic neuroleptic
therapy outweigh the benefits for most patients with de-
mentia without comorbid primary psychotic illnesses.

Is it possible to withdraw neuroleptics in some patients
as OBRA mandates and scientific data warrant? In a dou-
ble-blind study of 22 patients with dementia, neuroleptic
withdrawal was possible without any significant increase in
aggression (Bridges-Parlet et al. 1997). Werner et al.
(1994) performed a retrospective review of psychotropic
medication use in 88 nursing home residents ages 66–102
years whose physical restraints were removed. These in-
vestigators found that neuroleptic use decreased, probably
as a result of closer observation and interaction with the pa-
tients. Agitation has been shown to decrease and cognitive
function to increase in nursing home patients in whom
neuroleptic therapy was discontinued after educational in-
terventions with the staff (Rovner et al. 1996).

Atypical Antipsychotic Drugs

Unlike the typical neuroleptics, atypical antipsychotic
drugs with serotonin 5-HT2 receptor antagonist proper-
ties have a specific antiaggressive effect that can be useful in
patients with dementia, even if they are not psychotic
(Dubovsky 1994). A lower incidence of extrapyramidal side
effects makes these medications better tolerated by psy-
chotic or agitated patients with Parkinson’s disease because
they are not as likely to cause extrapyramidal side effects.
Because patients with parkinsonism and hallucinations
have lower Mini-Mental State Exam (MMSE) scores and
are more likely to require nursing home placement (Klein
et al. 1997), finding a medication to manage agitation in
these patients is a common and important challenge.

Risperidone is the best studied of the atypical
antipsychotic drugs in elderly patients. Of 26 elderly pa-
tients without dementia (mean age, 70.4 years), 24 of whom
had psychotic disorders and two of whom had bipolar dis-
order, 77% had moderate or marked improvement with a
mean risperidone dose of 3.8 mg/day (Sajatovic et al. 1996).
Extrapyramidal side effects occurred in only 4 patients. In a
review of the use of risperidone in 122 hospitalized elderly
patients, 53% of whom were treated for agitation or psy-
chosis associated with dementia, Zarate et al. (1997) found
the mean dose to be 1.6 mg/day. The drug appeared to be
effective in 85% of cases. Patients undergoing rapid dose
increases were more likely to discontinue risperidone be-
cause of adverse effects. Although 11% of patients devel-
oped extrapyramidal side effects with risperidone, 40% of
patients experiencing preexisting extrapyramidal side ef-
fects with other neuroleptics were able to discontinue their
use of antiparkinsonian agents after risperidone therapy
was started.

In other case series, dosages of risperidone have
ranged from 0.5 to 6 mg/day, for treatment of various forms
of agitation, aggression, and screaming in patients with de-
mentia due to Alzheimer’s disease, cerebrovascular disease,
and Lewy body dementia (Goldberg and Goldberg 1997;
Herrmann et al. 1997; Jeanblanc and Davis 1995; Kopala
and Honer 1997; Madhusoodanan et al. 1995; Raheja et al.
1995). In a double-blind, placebo-controlled trial of
risperidone (Marder 1998), 625 dementia patients with
Alzheimer’s disease, vascular dementia, or mixed dementia
were randomized to treatment with risperidone (0.5, 1, or
2 mg/day) or placebo (at the same dosages) for 12 weeks.
Patients receiving 1 or 2 mg of risperidone per day showed
significant improvement in psychosis as well as in severity
and frequency of aggressive behaviors. Side effects were no
more frequent than with the 1-mg dose of placebo but were
significantly more frequent than with placebo at the 2-mg
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dose. Although risperidone is more expensive than con-
ventional neuroleptics per dose, decreased hospital costs
may make it a cost-effective treatment, at least in the treat-
ment of schizophrenia (Aronson 1997).

It has been suggested that olanzapine, whose side ef-
fect profile is similar to that of risperidone, will be equally
well tolerated and effective in patients with dementia or
parkinsonism (Fava 1997; Glazer 1997). Although there
are no published controlled studies of olanzapine in psy-
chotic or agitated patients with dementia or Parkinson’s
disease, clinical experience suggests that this medication
may be a reasonable alternative to risperidone in such pa-
tients. An advantage of olanzapine is that it has few interac-
tions with other medications often prescribed for elderly
patients (Ereshefsky 1996).

Despite the increased risk of confusion and orthostatic
hypotension in elderly patients (Lake et al. 1997; Thorpe
1997), clozapine has been found to be useful for older pa-
tients with psychosis (Frankenburg and Kalunian 1994) or
mania (R. W. Shulman et al. 1997). Patients ages 55–64
years may have a greater likelihood of benefit than patients
65 and over (Sajatovic et al. 1997). Clozapine at dosages of
6.25–75 mg/day has also been found to be effective in a
number of patients with dementia or Parkinson’s disease
without increasing movement disorders (Pitner et al. 1995;
Valldeoriola et al. 1997). In a prospective open-label study
of 12 patients with psychosis associated with Parkinson’s
disease, Chacko et al. (1995) found significant improve-
ment in psychosis and behavior in all patients and sustained
improvement in 10 patients. Probably as a result of slow
dose titration, clozapine was well tolerated in this study. In
another prospective open trial of clozapine (Factor et al.
1994), involving administration to 17 patients with Parkin-
son’s disease and psychosis at dosages ranging from 6.25
mg every other day to 150 mg/day, marked improvement of
psychosis was observed during the first year, without any
increase in the severity of the movement disorder. Im-
provement was not statistically significant during the sec-
ond year of treatment, possibly because the benefits of
clozapine were obscured by the effects of increasing doses
of levodopa and by progression of dementia, part of the
natural course of the illness. Agitated patients with demen-
tia or parkinsonism and prominent psychosis or aggression
that has proven nonresponsive to other interventions are
appropriate candidates for treatment with clozapine
(Salzman 1996).

Anticonvulsants

Anticonvulsants may be particularly useful in patients with
dementia and comorbid mood disorders or with EEGs

showing abnormalities (Fava 1997). Tariot et al. (1994)
studied 17 patients with Alzheimer’s disease and 8 patients
with vascular dementia in a double-blind crossover study
consisting of two 5-week periods of treatment with
carbamazepine or placebo, each period separated by a
2-week washout interval. The mean carbamazepine dose
was 300 mg/day, with a mean serum level of 5.7 µg/mL.
The condition of 16 patients taking carbamazepine was
considered to have improved, compared with the condition
of 4 patients in the placebo group. Carbamazepine was
generally well tolerated. Encouraged by their initial trial,
Tariot and colleagues (1998) performed a 6-week
multisite, randomized, placebo-controlled, double-blind,
parallel-group trial involving 51 nursing home patients
with agitation and dementia and using similar carbamaze-
pine doses. The study was terminated after a planned in-
terim analysis showed that carbamazepine was more bene-
ficial than placebo (agitation and aggression were reduced
in 77% of patients taking carbamazepine and 21% of those
taking placebo). Although it is often well tolerated and ef-
fective, carbamazepine has the potential for interactions
with many of the medications often taken by older patients.

Narayan and Nelson (1997) performed a retrospective
chart review and reported that 56% of 25 agitated patients
with dementia had improvement of behavioral distur-
bances with divalproex alone or in addition to neuroleptics
(mean divalproex level, 1,650 mg/day). Only 1 patient had
an increase in confusion. In a prospective open trial (Mel-
low et al. 1993), 50 of 88 patients had at least a partial re-
sponse and 40 patients had moderate to marked benefit.
Dosages ranged from 375 to 2,500 mg/day, and side effects
were minimal. Although it may help patients sleep,
valproate therapy in elderly patients has been associated
with oversedation, parkinsonism, and reversible dementia
(Walstra et al. 1997). No case series have been reported in
which agitated patients with dementia were treated with
gabapentin or lamotrigine. Although these new anti-
convulsants may prove useful for some patients, experience
with younger patients with brain damage suggests that
these medications may be overstimulating in older patients
with dementia, resulting in aggression (Anderson et al.
1996; Beran and Gibson 1998).

Antidepressants

In reviewing eight case reports and open trials, Tariot et al.
(1997) found that 75–400 mg of trazodone per day im-
proved agitation and aggression in 42 of 56 patients with
dementia (44 with Alzheimer’s disease and 12 with other
causes of dementia). Sultzer et al. (1997) found trazodone
to be as effective overall as haloperidol in 28 agitated pa-
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tients with dementia. Trazodone caused sedation and bal-
ance problems in two patients but was better tolerated than
haloperidol. In a placebo-controlled, double-blind trial
comparing buspirone at dosages of 30 mg/day with
trazodone dosages of 150 mg/day for 4 weeks in 10 patients
with Alzheimer’s disease, Lawlor et al. (1994) found that
trazodone produced greater reductions in agitation, psy-
chosis, and hostility. Experience with trazodone as a hyp-
notic suggests that it would be an appropriate treatment for
agitated patients with dementia and disrupted sleep
(Devanand 1997). Nefazodone, whose combined seroto-
nin reuptake and 5-HT2 antagonist properties might sug-
gest the potential to reduce agitation and psychosis, has not
been studied for these indications. Nefazodone shares with
trazodone a metabolite that may reduce agitation in some
patients with dementia (Lawlor et al. 1991).

Substances that enhance serotonergic transmission
dampen unpredictable, impulsive aggressive behaviors of
the kind that occur in patients with dementia (Dubovsky
1994). In relatively low doses, SSRIs in open trials have re-
duced stereotypical and aggressive behavior in elderly pa-
tients with dementia (Trappler and Vinuela 1997).
Fluoxetine, sertraline, and paroxetine were found to re-
duce disinhibition, compulsive behavior, and depressive
symptoms in patients with frontotemporal dementia
(Swartz et al. 1997). Additional case series and open trials
have demonstrated improvement in agitation with all avail-
able SSRIs, although well-controlled studies are lacking
(Flint 1994; Herrmann and Lanctot 1997; Karlsson 1996;
Lebert et al. 1994; Omar et al. 1995; Schneider and Sobin
1992). Drug interactions are important considerations.
Metabolism of tacrine, which is primarily by cytochrome
P450 1A2, may be increased substantially by fluvoxamine,
which inhibits 1A2 (Becquemont et al. 1997). On the other
hand, levels of donepezil, which is metabolized by
cytochrome P450 2D6 and 3A4, may be increased by
fluoxetine, paroxetine, and nefazodone.

Selegiline (L-deprenyl), an MAOI with antioxidant
properties that may slow cognitive deterioration, has been
noted to reduce agitation in some patients with dementia.
However, other antidepressants are better tolerated and
easier to administer to agitated patients.

Buspirone

In two open trials, 15–60 mg of buspirone per day signifi-
cantly improved agitation in 10 of 26 patients with mixed
dementias (Herrmann and Eryavec 1993). In a blinded trial
comparing 15 mg of buspirone per day with 1.5 mg of
haloperidol per day in 26 nursing home patients with Alzhei-
mer’s disease, both groups improved, but a greater reduction

of tension and anxiety occurred in the buspirone- treated pa-
tients (Cantillon et al. 1996). After a 1-week placebo wash-
out interval, 2 weeks of treatment with 30 mg of buspirone
perday improveddelusionsandanxietyaswell as agitation in
12 patients with Alzheimer’s disease (M. A. Levy et al.
1994). In an open study of 10 Alzheimer’s disease patients
(Sakauye et al. 1993), reduction of agitation began at a dose
of 35 mg of buspirone per day and was maximal at a dose of
60 mg. Buspirone is well tolerated by patients with dementia
(Markovitz 1993; Zayas and Grossberg 1996), although pa-
tients and their caretakers may find it difficult to keep track
of the large number of pills necessary at higher doses.

β-Adrenergic Blocking Agents

In double-blind and open studies, propranolol at dosages
of 10–600 mg/day has been shown to be effective in reduc-
ing pacing, assaultiveness, and agitation in elderly patients
with dementia (Lohr et al. 1992; Salzman 1990; Schneider
and Sobin 1992; Shankle et al. 1995; Weiler et al. 1988).
Pindolol and nadolol also reduced impulsivity and
assaultiveness in double-blind studies of patients with de-
mentia (Schneider and Sobin 1992). Improvement with
β-blockers may occur with 1–2 weeks but can be delayed
4–6 weeks (Risse and Barnes 1986; Silver and Yudofsky
1985). Elderly patients who do not have high levels of vagal
tone may tolerate these medications without excessive car-
diac slowing, but congestive heart failure, heart block, si-
nus bradycardia, insulin-dependent diabetes mellitus,
asthma, and chronic obstructive pulmonary disease are
contraindications (Lohr et al. 1992; Risse and Barnes 1986;
Salzman 1990). High doses of β-blockers may cause hallu-
cinations and depression and may aggravate aggression
(Parker 1985; Schneider and Sobin 1992). A dementia syn-
drome may also occur (Fisher 1992). β-Blockers increase
blood levels of neuroleptics and anticonvulsants.

Other Treatments

Some of the behavioral disturbances seen in patients with
dementia are associated with fragmentation of sleep-wake
and activity cycles (see also Chapter 17). In an innovative
study of 22 patients with severe dementia (Van Someren
1997), exposure to bright ambient light (1,136 lux) but not
dim light over the course of the day decreased daytime hy-
peractivity and nighttime wandering in patients without vi-
sual impairment. Briefer exposure to morning light of the
intensity used to treat seasonal affective disorder
(2,500–10,000 lux) might be even more effective in nor-
malizing circadian rhythms and behavioral disorganization
in dementia patients.
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It appears, based on anecdotal reports, that stimulants
sometimes reduce agitation in dementia patients, possibly
as a result of paradoxical sedation (Chambers et al. 1982;
Schneider and Sobin 1992). The serotonergic effect of
dextromethorphan may explain a few reports of a calming
effect of this substance in patients with dementia (Coccaro
et al. 1990; Risse and Barnes 1986).

Drug Treatment of
Cognitive Deterioration

The most common cause of dementia in elderly patients is
Alzheimer’s disease (E. Perry and Court 1992) (see also
Chapter 24). However, at least 20% of cases of dementia
have a reversible cause (Ahronheim 1992), one of the most
important of which is depression. The intimate relation-
ship between depressive “pseudodementia” (more accu-
rately the dementia syndrome of depression) and neuro-
logical dementia makes it difficult to differentiate them
(Christensen et al. 1997; Lundquist et al. 1997; Reifler
1997). Up to 89% of patients with the dementia syndrome
of depression eventually develop Alzheimer’s or other
dementias (Gottfries and Hesse 1990), a far greater per-
centage than would be expected with the passage of time
alone. This observation raises the possibility that in some
cases depression may lower the threshold for the expres-
sion of cognitive deficits of dementia that later evolve on
their own even if they improve temporarily when the de-
pression remits.

Even when dementia is present, depression can make a
substantial contribution to cognitive or behavioral decline
(E. D. Ross 1981). A trial of an antidepressant may there-
fore be warranted in patients with dementia in whom other
reversible causes are not found, even if a patient does not
meet formal criteria for major depressive disorder (Nahas
et al. 1997). Because sedating and anticholinergic effects
further impair cognitive function (Bressler and Katz 1993),
TCAs are less desirable for this indication than is
bupropion, venlafaxine, SSRIs, or stimulants. Nefazodone
has been reported to improve cognition, but sedation can
limit this benefit. As noted earlier, L-deprenyl (selegiline)
may improve cognitive function, but dietary restrictions
that the patient may not be able to remember are necessary
at antidepressant doses.

Medication Reduction

One of the most important interventions in the treatment
of any dementia is to withdraw medications that can impair
cognition. In a study of 1,810 residents of a district of

Stockholm who were age 75 years or older, Wills et al.
(1997) found that 85% of both dementia patients and indi-
viduals without dementia were taking at least one medica-
tion and that 34% of patients with dementia were taking
four or more agents. Dementia patients took significantly
more antipsychotic drugs but notably fewer seda-
tive-hypnotics than did individuals without dementia
(Wills et al. 1997). The amount of medication use may have
been underestimated in the dementia population, because
more of these patients did not know what medications, if
any, they were taking.

Treatment of Associated Factors

Even minor medical problems can aggravate dementia.
Treating anemia, hypothyroidism, urinary tract infections,
and other conditions often improves cognition. Vascular
risk factors such as hypertension often coexist with Alzhei-
mer’s disease, and treating these risk factors reduces the
risk that Alzheimer’s disease will be complicated by a com-
ponent of vascular dementia (Rockwood et al. 1997).
Sleep-related breathing disorders and movement disor-
ders, which can further impair cognition, are more com-
mon in elderly dementia patients than in persons without
dementia (Bader et al. 1996).

Cognitive-Enhancing Therapies

Most of the new medications that have been approved for
treating the actual cognitive decline of primary degenera-
tive dementia have been studied in Alzheimer’s disease, but
they may be useful in other dementias. These treatments
have been found to produce either modest cognitive im-
provement (an increase of usually three to four points on
the Alzheimer’s Disease Assessment Scale [ADAS]) or less
decline in cognition compared with placebo. Although this
amount of improvement is noticeable to patients and care-
takers, in other patients statistically significant improve-
ment or slowing of deterioration may not be clinically
meaningful (Bracco and Amaducci 1990), and important
symptoms not reflected in rating scales may be unaffected
(Gauthier et al. 1991; Lebowitz 1992).

Even though there is no definitive treatment for Alz-
heimer’s disease, anything with even a slight chance of ben-
efit is worth trying, if only for the purpose of providing a
concrete representation of hope. In addition, it has been es-
timated that prevention of a two-point decrease in ADAS
scores in patients with severe dementia who are living at
home would save $3,700 per year and that increasing
ADAS scores by two points in the same patients would save
$7,100 per year (Ernst et al. 1997). Such savings must be
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balanced against the risk of disruption of a family that con-
tinues to live with a patient whose dementia is already too
severe to permit reasonable functioning but who does not
deteriorate enough to justify placement out of the home
(Filley et al. 1996). In such situations, families may undergo
more disruption than if deterioration progressed further.

A family member or other authorized agent usually
provides informed consent for a patient with severe de-
mentia who has impaired ability to understand the nature
of the illness, the risks and benefits of a treatment, reason-
able alternatives, and the consequences of consenting to or
refusing the treatment (see also Chapter 41). The task of
determining whether patients with mild or moderate de-
mentia can provide informed consent can be more difficult.
In a study of 17 older patients without dementia and 29 pa-
tients with mild Alzheimer’s disease (mean MMSE score,
24), five specialists in geriatric medicine, neurology, or psy-
chiatry demonstrated 98% agreement on the competence
of the subjects without dementia to consent but only 56%
agreement on the competence of the patients with Alzhei-
mer’s disease (Marson et al. 1997). The truism that in-
formed consent is a dynamic process is particularly apt in
dementia patients, whose capacity to understand their cir-
cumstances fluctuates along with their cognition. The va-
lidity of consent therefore should be reevaluated periodi-
cally in all patients with Alzheimer’s disease.

Cholinergic Therapies

Because of acetylcholine’s role as a neurotransmitter of
memory, and the cognitive impairment produced by drugs
that interfere with central cholinergic transmission, the se-
lective loss of presynaptic cholinergic neurons and
muscarinic receptors in Alzheimer’s disease has been
thought to have etiological importance (Branconnier et al.
1992; Bromidge et al. 1997; Farlow et al. 1992; Gauthier et
al. 1991; Schneider 1996). Postsynaptic muscarinic M1 re-
ceptors remain intact in Alzheimer’s disease, making re-
ceptor stimulation a potentially feasible approach
(Bromidge et al. 1997). Activation of nicotinic receptors
may produce a neuroprotective effect and muscarinic re-
ceptor stimulation may promote neural regeneration
(Schneider 1996). Medications that increase brain acetyl-
choline levels may hold promise in the treatment of Lewy
body dementia (E. Perry and Court 1992) but have pro-
duced inconsistent results in many cases of Alzheimer’s dis-
ease (Bracco and Amaducci 1990; Tariot 1992). The lack of
more consistently positive findings may reflect the hetero-
geneity of Alzheimer’s disease, the involvement of other
neurotransmitter systems, or perhaps such massive
cholinergic neuronal destruction in some patients that the

system is no longer capable of responding to exogenous
manipulation (Branconnier et al. 1992).

With the exception of lecithin (phosphatidylcholine),
which produced positive results in one study, acetylcholine
precursors have been found ineffective in Alzheimer’s dis-
ease (Gottfries and Hesse 1990; Tariot 1992). This is not
surprising in view of the loss of neurons capable of utilizing
precursors. Even though cholinergic muscarinic receptors
are preserved in Alzheimer’s disease, trials of bethanechol
and arecoline, nonselective muscarinic cholinergic
agonists, have not yielded positive results (Gauthier et al.
1991). Xanomeline, a muscarinic agonist, did not improve
cognition in one trial but did reduce agitation, delusions,
and hallucinations (Knopman and Morris 1997). In a
6-month multicenter study of 343 Alzheimer’s disease pa-
tients randomized to treatment with placebo or one of
three doses of xanomeline, the higher dose was associated
with substantially better scores on the ADAS and the Clini-
cian’s Interview-Based Impression of Change as well as
marked reduction of agitation and psychosis (Bodick et al.
1997). Because efficacy was limited by notable gastrointes-
tinal side effects, a transdermal preparation is being devel-
oped (Bodick et al. 1997). A muscarinic M1 agonist,
SB202026, which has few peripheral effects, did improve
cognition in preliminary trials (Bromidge et al. 1997;
Knopman and Morris 1997) and is now in phase 3 trials
(Bromidge et al. 1997).

Cholinesterase inhibitors have been more consistently
successful in increasing cholinergic tone. Oral phy-
sostigmine at a dosage of 8 mg/day for 3 weeks improved
performance on a test of auditory learning, but this effect
was not clinically meaningful (Sevash et al. 1991). Because
physostigmine has a half-life of only 30 minutes, it is not a
practical chronic treatment (Bracco and Amaducci 1990).
However, extended-release physostigmine has proven ef-
fective in double-blind clinical trials (Knopman and Mor-
ris 1997; Thal et al. 1996), with higher doses being more ef-
fective (Thal et al. 1996). Frequent gastrointestinal side
effects may limit the use of extended-release phy-
sostigmine in clinical practice.

Tacrine (1,2,3,4-tetrahydro-9-acridinamine mono-
chloride monohydrate [or THA]) is a reversible cholin-
esterase inhibitor with a duration of action longer than that
of physostigmine. Findings of early studies with positive
results suggested that 40%–50% of patients with Alzhei-
mer’s disease who tolerate tacrine, or 30% of all patients
who take it, had some meaningful improvement, although
it was not clear whether this improvement would last lon-
ger than 3 months (Small 1992). A multicenter phase 3
study supported by the manufacturer of tacrine (trade
name Cognex) included 468 patients age 50 or older with
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probable Alzheimer’s disease. After a 6-week placebo
washout period, patients received one of the following
treatments: placebo for 6 weeks followed by tacrine 20
mg/day for 6 weeks; tacrine 20 mg/day for 12 weeks;
tacrine 20 mg/day for 6 weeks followed by tacrine 40
mg/day for 6 weeks; tacrine 40 mg/day for 12 weeks; or
tacrine 40 mg/day for 6 weeks followed by tacrine 80
mg/day for 6 weeks. The longest trial therefore was 12
weeks. Patients taking 80 mg of tacrine per day demon-
strated an average increase of 3.7 points on the ADAS,
compared with an increase of 0.1 point with placebo. As-
sessments by physicians and caretakers of patients’ cogni-
tive and global functioning also increased with the higher
tacrine dose.

Eagger et al. (1992) noted a two-point improvement in
MMSE scores that was maximal at 4 weeks and sustained
over 12 weeks in patients taking 150 mg of tacrine daily. Im-
provement was more marked when serum tacrine concen-
trations exceeded 8 ng/mL (Eagger and Levy 1992).

Although the clinical importance of findings of the
first two studies was not addressed, Davis et al. (1992) did
consider clinical correlations of test scores. To maximize
the likelihood of finding patients who would respond to
tacrine, these investigators enrolled only Alzheimer’s dis-
ease patients older than 50 who demonstrated improve-
ment in ADAS scores of at least four points after taking 40
or 80 mg of tacrine daily for 6 weeks. During a subsequent
6-week double-blind phase, these patients then received
either placebo or the dose of tacrine that had seemed help-
ful during the preliminary phase. Patients taking tacrine
had a smaller decrement of cognitive function than did pa-
tients taking placebo, one that was statistically significant
mainly for word recognition. The difference could have
been explained by a greater decline of cognitive function-
ing in the placebo group caused by withdrawal from tacrine
given during the initial phase. The placebo group returned
to previous levels of functioning when tacrine was reinsti-
tuted. However, none of the differences between tacrine
and placebo was detectable clinically.

In an editorial on these studies, Growdon (1992) com-
mented that tacrine probably does have a measurable effect
on cognition but it is “clinically trivial.” To the degree that
tacrine is helpful for some patients, long-term benefits
would be expected to be limited by continued degeneration
of cholinergic neurons (Ahronheim 1992). Problems with
tacrine in clinical practice include the need for dosing four
times daily and the fact that 10%–25% of patients taking
tacrine develop reversible increases in serum transaminase
levels, especially alanine aminotransferase (Farlow et al.
1992; Small 1992), that require discontinuation of the
drug. An economic analysis of tacrine, the results of which

are probably applicable to all cholinesterase inhibitors,
showed that beginning treatment at an earlier stage of Alz-
heimer’s disease results in more cost savings (because of
later institutionalization, for example) than does starting
treatment later (Wimo et al. 1997).

A number of second-generation cholinesterase inhibi-
tors have been released that have a simpler dosing regimen,
do not affect hepatic function, and are better tolerated be-
cause of more selective inhibition of brain cholinesterase.
Donepezil (Aricept) has an elimination half-life of 60
hours, permitting once-daily dosing (Schneider 1996).
Within the dosage range of 5–10 mg/day, higher doses pro-
duce more improvement (Schneider 1996). Because
donepezil is metabolized by cytochrome P450 2D6 and
3A4, its levels may be increased by inhibitors of these en-
zymes such as fluoxetine or nefazodone (Barner and Gray
1998). E2020 (Exelon), which is administered twice a day,
is also more effective at higher doses (Schneider 1996); the
dosage range is 6–12 mg/day. E2020 enhances release of
norepinephrine and dopamine at the same time that it in-
creases cholinergic transmission (Giacobini et al. 1996).

Even though metrifonate has an elimination half-life
of only a few hours, its inhibition of cholinesterase lasts up
to 6 weeks, making dosing intervals of once a day to once a
week possible (Schneider 1996). Metrifonate has been
found to be safe as a treatment for schistosomiasis in 30
years of experience in various countries. In two recent pla-
cebo-controlled studies involving 888 patients with Alz-
heimer’s disease, doses of 10–60 mg of metrifonate per day
improved cognitive as well as behavioral symptoms, with
higher doses being more effective (Cummings 1998; Mor-
ris 1998). Metrifonate performed significantly better than
placebo in a 3-month double-blind study of 50 patients
with Alzheimer’s disease (Becker et al. 1996). Huperzine A,
which is more selective for cerebral cholinesterase than are
other cholinesterase inhibitors, has shown promise in ani-
mal studies (Cheng et al. 1996).

Given that all cholinesterase inhibitor study findings
have suggested better results at higher doses, it seems ap-
propriate to increase the dose to the highest tolerated level
within the range that has been studied. A 3- to 6-month
trial is indicated to determine whether the medication will
slow deterioration and ameliorate behavioral disturbances
even if meaningful cognitive improvement does not occur.
Because controlled studies of cholinesterase inhibitors
have not lasted more than 6 months, the duration of ther-
apy with these medications remains uncertain. However,
results of open studies suggest that the medication should
be continued until deterioration becomes obvious despite
high doses of the medication (Knopman and Morris 1997).

Adverse effects of cholinesterase inhibitors are pri-
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marily a result of peripheral cholinergic excess. Nausea,
vomiting, and abdominal cramps, the most common of
these adverse effects, can often be reduced by fresh ginger-
root or over-the-counter antiemetics (e.g., Emetrol). As is
discussed later, ondansetron may improve cognition and
anxiety in addition to reducing nausea, but phenothiazines
such as prochlorperazine have anticholinergic properties
that may aggravate dementia. Cardiac slowing can be a lim-
iting side effect. Hepatotoxicity has not been reported with
any of the new cholinesterase inhibitors.

Calcium Antagonists and
Antiexcitotoxins

Another promising line of investigation involves the role of
the intracellular calcium ion (Ca2+) in neuronal degenera-
tion (Branconnier et al. 1992; Choi 1988). All known
cytotoxic processes, including ischemia, toxins, immune
mechanisms, and genetically programmed cell death
(apoptosis), increase free intracellular Ca2+ concentration
([Ca2+]i). Although Ca2+ stimulates many crucial cellular
actions, including learning and gene activation, excessive
elevations of [Ca2+]i activate enzymes such as phospho-
lipases, which break down the cell membrane and liberate
arachidonic acid and xanthine oxidase, and proteases that
degrade structural proteins. Arachidonic acid can be oxi-
dized to cytotoxic free radicals, and xanthine oxidase can fa-
cilitate the formation of superoxide radicals.

Elderly patients may be more vulnerable to Ca2+-in-
duced neurotoxicity because resting [Ca2+]i increases with
age as a result of prolonged calcium influx through poten-
tial-dependent channels. As some people age, [Ca2+]i may
gradually increase to the point at which apoptotic genes are
activated, stimulating pathological processes that further
promote the increase in [Ca2+]i until it reaches cytotoxic
levels. If progression of the increase in resting [Ca2+]i with
age could be delayed, [Ca2+]i might be slower to reach levels
that promote neurotoxicity.

Sustained increases of [Ca2+]i can be produced by ex-
citatory amino acids (excitotoxins) such as glutamate (Choi
1988; Garthwaite 1991; Manev et al. 1990). In moderate
concentrations, excitatory amino acids facilitate learning
and neuronal development; however, excessive release and
decreased uptake inhibition of excitotoxins have been im-
plicated in various forms of brain damage, including Alz-
heimer’s disease. In one study, for instance (Pomara et al.
1992), cerebrospinal fluid levels of free glutamate were in-
creased in 10 patients with early Alzheimer’s disease com-
pared with control subjects.

Through their interaction with specific receptors, the
best studied of which is the N-methyl-D-aspartate

(NMDA) receptor, glutamate and other excitotoxins pro-
duce sustained influx of Ca2+ through a receptor-operated
calcium channel that persists after the excitotoxin is with-
drawn. The NMDA receptor also facilitates translocation
of the ubiquitous intracellular enzyme protein kinase C to
the cell membrane, where Ca2+ activates it. Protein kinase
C phosphorylates cytotoxic calcium-dependent proteins
and enhances further Ca2+ influx by phosphorylating cal-
cium channels.

One approach to reducing excitotoxicity involves the
noncompetitive NMDA antagonists such as MK-801,
ketamine, and dextromethorphan. These drugs bind to a
phencyclidine (PCP) receptor linked to the NMDA
complex to attenuate Ca2+ influx. In animals with ligated
cerebral arteries, MK-801 improves learning and re-
duces neuronal death in regions such as the hippocampus
and neocortex, where high concentrations of NMDA re-
ceptors are found and vulnerability to glutamate neuro-
toxicity seems greatest (Albers et al. 1989). Like all drugs
that bind to the PCP receptor, noncompetitive NMDA
antagonists could have psychotomimetic effects (Albers
et al. 1989).

Another approach to reducing excitotoxicity and
Ca2+-stimulated neurotoxicity is to attenuate elevations of
[Ca2+]i by reducing calcium influx through potential-
dependent channels. In a 12-week preliminary analysis of a
double-blind phase 3 study of Alzheimer’s disease (sup-
ported by the manufacturer), nimodipine—a lipid-soluble
dihydropyridine calcium channel blocking agent—was
found to slow progression of memory impairment com-
pared with placebo (Tollefson 1990). However, final results
of the study failed to support statistically significant superi-
ority of nimodipine to placebo.

Vasodilators

Vasodilators do not really increase cerebral perfusion and
may even reduce circulation through the brain through a
steal effect. Drugs that used to be thought of as vasodilators
therefore may be more appropriately classified with the
nootropics (metabolic enhancers) (Jenike et al. 1990). The
best studied of the vasodilator-nootropics is Hydergine, a
mixture of three hydrogenated ergot alkaloids, which was
reported to be helpful in 18 studies of mild dementia
(Bracco and Amaducci 1990; Gottfries and Hesse 1990;
Tariot 1992). In these studies, the measure most consis-
tently improved by Hydergine was mood (Jenike et al.
1990). In a double-blind study (Jenike et al. 1990), no dif-
ference was found between treatment with 3 mg and treat-
ment with 12 mg of Hydergine per day over the course of a
year, in terms of ratings of dementia and functioning; how-
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ever, because there was no placebo control, it was impossi-
ble to state whether either dose was actually helpful. On the
other hand, in a double-blind, placebo-controlled study,
Thompson et al. (1990) found Hydergine to be of no bene-
fit at all to patients with moderate dementia. None of the
other available nootropics has been found helpful in Alz-
heimer’s disease (Shrotriya et al. 1996). However, in a
4-month placebo-controlled trial of cyclandelate, a
papaverine-like substance, in 127 patients with mixed
dementias, slower deterioration was observed with active
drug than with placebo (Schellenberg et al. 1997). As yet,
there is no convincing evidence of the capacity of any
vasodilator-nootropic to slow deterioration of Alzheimer’s
disease for more than a few months.

Ginkgo biloba is an extract of the ginkgo tree that is
thought to have antioxidant properties that might reduce
adverse effects of free radicals on the brain. In a 3-month
double-blind study involving 20 patients (Maurer et al.
1997), 240 mg of one ginkgo extract (EGb 761) was admin-
istered daily. The ginkgo preparation was associated with
significantly better improvement on a test of attention and
memory compared with placebo, which was associated
with decreased scores on the same test. However, the dif-
ference in ADAS scores between the ginkgo- and pla-
cebo-treated groups was not statistically significant. In a
1-year study of EGb 761 (Le Bars et al. 1997), 327 patients
with Alzheimer’s disease or multi-infarct dementia were
randomly assigned to treatment with gingko or placebo.
Mean ADAS scores of placebo-treated patients were 1.4
points lower than those of ginkgo-treated patients
(P = .04). Clinically significant improvement (an increase
of 4 points or more) occurred in 27% of patients taking the
ginkgo preparation, compared with 14% of patients
treated with placebo (P = .027). When clinician global as-
sessments of improvement were performed, no differences
were found between groups. The large number of dropouts
(172 patients) and the mixtures of diagnoses make the re-
sults difficult to interpret.

Estrogen

Estrogen receptors have been identified on hippocampal,
hypothalamic, and cholinergic neurons. In addition, estro-
gen may promote growth and survival of cholinergic neu-
rons and synthesis and release of acetylcholine, promote
synaptic plasticity, increase regional cerebral blood flow,
decrease apolipoprotein E concentrations, and have anti-
oxidant properties (Birge 1997; Gidal et al. 1996;
Knopman and Morris 1997; McBee et al. 1997; Yaffe et al.
1998). Epidemiological study findings suggest that Alzhei-
mer’s disease is more frequent in menopausal women than

in men of the same age (McBee et al. 1997) and that estro-
gen replacement therapy reduces the risk of Alzheimer’s
disease in postmenopausal women, with increasing estro-
gen dose and duration of treatment being associated with
decreasing risk (Gidal et al. 1996; McBee et al. 1997) (see
also Chapter 24). Postmenopausal women taking estro-
gen had better scores on tests of immediate recall than
did women in a placebo-control group (McBee et al.
1997). Yaffe et al. (1998) performed a meta-analysis of 10
studies of risk factors for Alzheimer’s disease and other
dementias. In two prospective cohort studies and one
case-control study, the risk of dementia was significantly
lower in postmenopausal women taking estrogen; in the
other studies, the risk in the estrogen groups was non-
significantly decreased or increased. Overall, the results
of the meta-analysis suggested a 29% reduction in the
risk of dementia with hormone replacement therapy
(HRT) (Yaffe et al. 1998). None of the studies controlled
for the possible confounding influence of comorbid de-
pression.

Results of initial trials of estrogen treatment in women
with Alzheimer’s disease have been contradictory (McBee
et al. 1997). The only placebo-controlled trial was a small
one in which estrogen therapy was associated with im-
provement on one of three dementia scales compared with
placebo (Yaffe et al. 1998). As of March 1998, only 58
women had been studied in trials of HRT for Alzheimer’s
disease, and most of these trials were small, brief, or un-
blinded (Yaffe et al. 1998). However, several prospective
double-blind studies of estrogen therapy in women with
Alzheimer’s disease are currently under way (Knopman
and Morris 1997). The largest of these is the Women’s
Health Initiative–Memory Study, a 6- to 9-year prospec-
tive controlled study of HRT involving more than 8,000
women at 39 centers (McBee et al. 1997).

The modest but definite increased risk of breast cancer
in women who have taken estrogen within the past 5 years
must be taken into account when prescribing estrogen for
prevention or treatment of Alzheimer’s disease, especially
in women with a personal or family history of breast cancer.
In a meta-analysis of 51 studies in 21 countries involving a
total of 52,705 women with invasive breast cancer and
108,411 women without breast cancer (overall median age
at the start of HRT, 48 years) (Collaborative Group on
Hormonal Factors in Breast Cancer 1997), the relative risk
for breast cancer in women who had ever undergone HRT
was 1.14 (P = .001). The risk of breast cancer in women
who had received HRT for 5 years or more was increased
1.35 times compared with placebo, but the risk of breast
cancer was not increased in women who had not undergone
HRT for at least 5 years.
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Nonsteroidal Anti-Inflammatory Drugs

Inflammatory processes in Alzheimer’s disease have been
implicated by findings of activated microglia and reactive
astrocytes in neurofibrillary tangles (Lukiw and Bazan
1997). Such findings have promoted the hypothesis that
amyloid deposition results in an acute-phase response that
leads to the release of inflammatory substances such as
prostaglandins, which further injure neurons (Lukiw and
Bazan 1997). Prostaglandin synthesis is catalyzed by
cyclooxygenase isoenzymes (Jouzeau et al. 1997), the activ-
ity of some of which is increased in some patients with Alz-
heimer’s disease (Lukiw and Bazan 1997). Because
nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit
cyclooxygenase, they could reduce some of the secondary
damage in Alzheimer’s disease. β-Amyloid peptide stimu-
lates peripheral blood monocytes to release soluble
neurotoxic factors that are inhibited by dexamethasone and
NSAIDS (Dzenko et al. 1997). Findings of an epidemio-
logical study (Knopman and Morris 1997) suggested that
individuals who take NSAIDs have a lower risk of develop-
ing Alzheimer’s disease than do persons who do not take
them, theoretically because inflammatory processes may
play a role in the progression of the disease. In a trial of
indomethacin, the deterioration of Alzheimer’s disease in
patients receiving active treatment appeared to be slower
than in subjects taking placebo (Schneider 1996). An ap-
proach for avoiding the gastrointestinal toxicity of
NSAIDs is to develop selective cyclooxygenase-2 inhibi-
tors, which inhibit the inducible enzyme associated with
inflammation in the brain and elsewhere while sparing
cyclooxygenase-1, which is thought to be responsible for
gastrointestinal effects (Knopman and Morris 1997).
These substances have not yet been subjected to clinical
trials in dementia.

Antioxidants

Trials of medications with antioxidant properties
(Knopman and Morris 1997; Schneider 1996) have been
based on evidence of increased oxidative stress in Alzhei-
mer’s disease, which can disrupt neuronal DNA and
neuronal membranes (Bozner et al. 1997; Schneider 1996),
and of the mediation of amyloid neurotoxicity by free radi-
cals (Bozner et al. 1997). In a 2-year placebo-controlled
trial of vitamin E and selegiline (both of which are antioxi-
dants) in Alzheimer’s disease patients with moderate de-
mentia, both of the active drugs delayed progression of
Alzheimer’s disease by about 8 months (Sano et al. 1997).
For unclear reasons, outcome was worse with a combina-
tion of the two medications than with either one alone.

Vitamin E in particular seems to be a benign and possibly
useful adjunctive treatment for Alzheimer’s disease, al-
though it can exacerbate some coagulopathies (Knopman
and Morris 1997).

Selegiline reduces oxidative stress associated with do-
pamine breakdown and may slow degeneration of neuronal
systems in patients with comorbid Parkinson’s and Alzhei-
mer’s disease (Schneider 1996). In 8 of 11 controlled trials
in patients with Alzheimer’s disease, improvement of cog-
nition was observed with selegiline, and in 2 of 5 controlled
trials, selegiline had a positive effect on agitation, anxiety,
and depression (Tolbert and Fuller 1996). In a 14-week
randomized comparison of 10 mg of selegiline daily and
placebo in Alzheimer’s disease, selegiline was found to im-
prove behavior and cognition without significantly affect-
ing mood (Lawlor et al. 1997). In a 14-week randomized
trial in 25 outpatients with Alzheimer’s disease, significant
improvement of agitation, mood, and cognition occurred
with selegiline compared with placebo (Lawlor et al. 1997).
However, in a 6-month trial, no differences were noted be-
tween placebo and selegiline in ratings of behavior or cog-
nitive function (Freedman et al. 1998).

5-HT3 Antagonists

Because serotonergic influences can inhibit some aspects
of cognitive function, antagonists of the serotonin 5-HT3

receptor may prove useful in Alzheimer’s disease
(Knopman and Morris 1997). A trial of ondansetron is cur-
rently under way. Ondansetron and zacopride, a 5-HT3 an-
tagonist used as an antipsychotic drug, are of particular in-
terest to psychiatrists because they also have antianxiety
properties and may be useful in the treatment of substance
abuse (Dubovsky 1994). The antiemetic effect of 5-HT3

antagonists makes these medications appropriate choices
for the treatment of intractable nausea caused by
cholinesterase inhibitors that does not respond to less ex-
pensive treatments.

Of the novel treatments for Alzheimer’s disease being
studied (Bracco and Amaducci 1990; Crapper McLachlan
et al. 1991; Crook et al. 1991, 1992a, 1992b; Gottfries and
Hesse 1990; V. W. Henderson et al. 1989; Knopman and
Morris 1997; Lindvall et al. 1990; Parnetti et al. 1997;
Rainer et al. 1997; Spagnoli et al. 1991; Tariot 1992; Weyer
et al. 1997), the most innovative are therapies involving
nerve growth factors, substances that inhibit β-amyloid ac-
cumulation, or apolipoprotein E analogues and genetic
therapies (see also Chapter 38). Such approaches will sub-
stantially increase the number of options available for
treating dementia.
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Psychiatric Side Effects of
Neurological Drugs

Psychiatric syndromes commonly are caused by the many
medications taken by elderly neurologically ill patients.
Some important reactions are noted in Table 34–26
(“Drugs That Cause Psychiatric Symptoms” 1984;
Kulkarni et al. 1992; Lohr et al. 1992). Whenever possible,
the offending medicine should be withdrawn before psy-
chiatric treatments are initiated. (Further discussion of
these medications can be found in Chapter 31.)

Summary

Many Axis I disorders in elderly patients are true neuropsy-
chiatric syndromes in that psychiatric symptoms in this
population are often produced or aggravated by neurologi-
cal dysfunction. Treating such syndromes is complicated
by the sensitivity of the older nervous system to the toxic
but probably not the therapeutic effects of psychotropic
medications, as well as by interactions of psychotropic
medications with the many neurological drugs taken by el-
derly patients. Many of the more frequently used medi-
cines for geriatric neuropsychiatric conditions are poorly
tolerated, especially the sedating and anticholinergic
TCAs and neuroleptics and the long–half-life benzo-
diazepines. SSRIs and other new-generation antidepres-
sants and atypical antipsychotic drugs are better-tolerated
alternatives. Short–half-life benzodiazepines are appropri-
ate choices for some patients with acute anxiety, but anxiety
and insomnia in patients with overt brain disease often is
better managed with azapirones or antidepressants.

Severe agitation in delirium patients can be treated
emergently with ECT or with intravenous haloperidol,
droperidol, or benzodiazepines. Intermittent explosive out-
bursts and other behavioral disturbances can be managed
with β-adrenergic blocking agents, buspirone, lithium,
anticonvulsants, some antidepressants, cholinesterase inhibi-
tors, and anticonvulsants. Atypical antipsychotic drugs such
as risperidone have primary antiaggressive properties.
Neuroleptics should be avoided for this indication unless
nothing else is effective. There is no proven treatment for
dementia itself, but the second-generation cholinesterase
inhibitors produce at least some improvement. Selegiline,
antioxidants, estrogen, and possibly NMDA antagonists
may have some potential.
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TABLE 34–26. Psychiatric side effects of
neurological medications

Syndrome Medication(s)
Depression Adrenal steroids

Amantadine
Asparaginase
Cimetidine
Digoxin
Indomethacin
Levodopa
Methyldopa
Metoclopramide
Narcotics
Procainamide
Propranolol
Reserpine
Thiazide diuretics

Mania Adrenal steroids
Baclofen
Bromocriptine
Captopril
Cimetidine
Dextromethorphan
Indomethacin
Isoniazid
Levodopa

Confusion Asparaginase
Aspirin
Cisplatin
Cyclophosphamide
Opiates
Pentazocine
Ranitidine
Sulindac
Any medication in patients with

brain damage
Psychosis Adrenal steroids

Anticonvulsants
Asparaginase
Bromocriptine
Cimetidine
Cisplatin
Cyclophosphamide
Digoxin
Isoniazid
Levodopa

(continued)
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35
Electroconvulsive Therapy

C. Edward Coffey, M.D.

Charles H. Kellner, M.D.

If major depression were not a serious public
health problem in the elderly population,

there would be no need to discuss electroconvulsive ther-
apy (ECT) in this book. Yet, major depression is one of
the most common and serious illnesses in the elderly (see
Chapter 13). In addition to death from suicide, depressive
illness is associated with substantial mortality from medi-
cal illness (Avery and Winokur 1976). ECT remains the
“gold standard” treatment for serious depression and, as
such, requires careful consideration as a therapeutic mo-
dality. Such consideration is particularly relevant because
there is evidence that ECT is especially safe and effective
in elderly patients (Consensus Conference 1985) and be-
cause of the sensitivity to the side effects of antidepressant
medication experienced by the geriatric population. With
the burgeoning of psychopharmacological treatments for
depression over the past 35 years, many may have be-
lieved that ECT was well on its way to extinction; how-
ever, we are now no longer sanguine about the efficacy of
antidepressant medications for all patients. Even with the

most sophisticated psychopharmacological treatment
combinations, a substantial proportion of patients re-
mains severely ill. For these patients, it is fortunate that
ECT is still available.

The case for ECT is strengthened by its remarkable
record of safety. ECT compares favorably with any proce-
dure in all of medicine for its low morbidity and mortality.
With recent advances in ECT technique, the safety profile
of the treatment continues to be refined, and ECT has en-
joyed a resurgence as a more mainstream treatment in the
psychiatric armamentarium. Furthermore, it has a predict-
ably rapid onset of effect and can be performed in both in-
patient and outpatient settings.

It is widely known that ECT is most commonly used
for the treatment of severe depression. We will discuss its
use for this indication in depth here, but because this is a
textbook of neuropsychiatry, we will also evaluate ECT as a
treatment for mood disorders due to a general medical con-
dition such as poststroke depression, as well as for neuro-
logical disorders such as Parkinson’s disease. As the
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mind-body dualism separating the fields of psychiatry and
neurology dissolves, investigators and clinicians will have
further opportunities to explore the potent effects of ECT
on functions of the brain as well as of the mind.

ECT in Geriatric Practice

Considerable evidence exists to demonstrate that a large
proportion of patients receiving ECT is elderly. Kramer
(1985) reviewed patterns of ECT use in California between
1977 and 1983 and found that the probability of receiving
ECT increased with age of the patient. Patients 65 years and
older were given ECT at a rate of 3.86/10,000 population,
compared with 0.85/10,000 in those 25–44 years old. In an
analysis of the data on ECT use in California between 1984
and 1994, Kramer (1999) found similar patterns. Lambourn
and Barrington (1986) surveyed the use of ECT from 1972
to 1983 in a British population of 3 million and found that
ECT was more common in patients (especially female pa-
tients) 60 years or older. In a study of 5,729 psychiatric ad-
missions over 3 years, Malla (1988) found that patients who
received ECT in general hospitals were significantly older
than patients who did not receive ECT. Babigian and
Guttmacher (1984) reviewed a massive data set from the
Monroe County (New York) Psychiatric Case Register over
three 5-year periods. They found that among patients who
were being hospitalized for the first time, those who re-
ceived ECT were older than those who did not. Thompson
et al. (1994) analyzed data from the National Institute of
Mental Health Sample Survey Program for 1980 and 1986,
which included representative samples of psychiatric inpa-
tients in the United States. These researchers found that ap-
proximately one-third of ECT recipients were 65 years or
older, a figure far out of proportion to the representation of
that age group in the sample (8.2%). In contrast, Hermann
et al. (1995) reported that age was not related to ECT use as
estimated from the American Psychiatric Association’s
1988–1989 Professional Activities Survey.

Several features of the natural history of major depres-
sive illness help to explain the frequent use of ECT in elderly
patients. Post (1992) reviewed data suggesting that major af-
fective disorders increase in both severity and cycle fre-
quency with increasing age. In a review of the course of ill-
ness of late-onset depression, Alexopoulos (1990) cited
evidence for an association between high relapse rates and
later onset of illness (Zis and Goodwin 1979). Thus in the
geriatric population, the frequency and severity of depres-
sive illness, its impact on quality of life, and the increased
sensitivity of the elderly to adverse effects of antidepressant
medications, combine to make ECT an attractive and

often-used treatment option (Benbow 1987, 1989; McCall
et al. 1999; Weiner 1982).

Medical Physiology of ECT
in Elderly Patients

The data on the physiology of ECT have been compiled
largely from mixed-age samples, and to our knowledge, few
data focus specifically on the physiology of ECT in elderly
patients. Clearly, the myriad physiological changes that ac-
company an ECT seizure take on particular importance in
elderly individuals, in whom medical illnesses involving
multiple organ systems are so common. In a study of 33 el-
derly patients (mean age, 74 years) receiving ECT, Gaspar
and Samarasinghe (1982) found the incidence of major or
minor medical risk factors for ECT to be 75%. Of greatest
importance are the physiological effects of ECT on the
brain and the cardiovascular system. As described later in
this chapter, modifications in ECT technique may be re-
quired in patients with brain or cardiovascular disease.

Cerebral Physiology

With ECT, an electrical stimulus is used to depolarize cere-
bral neurons and thereby produce a generalized cerebral
seizure. The mechanism by which ECT seizures are propa-
gated is not well understood. Bilateral ECT appears to lead
to seizure generalization through direct stimulation of the
diencephalon, whereas seizures induced with unilateral stim-
ulation may begin focally in the stimulated cortex and then
generalize via corticothalamic pathways (Staton 1981).

During the initial phase of the induced seizure,
electroencephalographic activity is variable, consisting of
patterns of low-voltage fast activity and polyspike rhythms.
These patterns correlate with tonic or irregular clonic mo-
tor movements. With seizure progression, electroen-
cephalographic activity evolves into a pattern of hyper-
synchronous polyspikes and waves that characterize the
clonic motor phase. These regular patterns begin to slow
and eventually disintegrate as the seizure ends, sometimes
terminating abruptly in a flat electroencephalogram
(EEG) (Weiner and Krystal 1993). The ictal EEG has been
the focus of much research, by our group and others, aimed
at identifying markers of therapeutic response (discussed in
a later section). These studies indicate that age has a major
impact on a number of ictal EEG measures and is associ-
ated with shorter seizure duration, shorter slow-wave–
phase duration, weaker overall strength and patterning,
and lower early ictal, midictal, and postictal amplitudes
(Krystal et al. 1995, 1998; Nobler et al. 1993).
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Transient cumulative changes are also evident on the
interictal EEG during a course of ECT. Increased predom-
inance of delta activity on the interictal EEG is seen as a
function of the number of ECT treatments given in a
course of ECT and their rate of administration (Fink
1979). Asymmetric (left greater than right) decreases in av-
erage EEG frequency after a course of ECT have been cor-
related with increasing age of the patient (Turek 1972;
Volavka et al. 1972). (No such relation was reported by
Bergman et al. [1953].) Strömgren and Juul-Jensen (1975)
found an association between age and postictal slowing
with bilateral ECT but not with unilateral nondominant
ECT. By 30 days after the ECT course, EEGs resemble
baseline EEGs in most patients (Abrams 1997a). The ef-
fects of aging on the severity and persistence of interictal
electroencephalographic changes have not been exten-
sively studied.

The ECT-induced seizure is also associated with a va-
riety of transient and benign changes in cerebral physiol-
ogy, including increases in cerebral blood flow, cerebral
blood volume (resulting in a transient increase in
intracranial pressure), and cerebral metabolism of oxygen
and glucose (Bolwig et al. 1977; Brodersen et al. 1973;
Prohovnik et al. 1986). The brief increase in intracranial
pressure is rarely of clinical consequence, but it is the rea-
son for the well-known proscription against ECT in pa-
tients with space-occupying mass lesions. Postictally, cere-
bral blood flow and metabolism are decreased globally and
regionally for at least several hours, and then they return to
normal values (Nobler et al. 1994; Rosenberg et al. 1988;
Scott et al. 1994; Volkow et al. 1988). Conflicting data exist
regarding the interictal effects of ECT, with both reduced
(Nobler et al. 1994) and increased (Bonne et al. 1996) cere-
bral blood flow reported approximately 1 week after a
course of ECT. The effects of age on these changes have
not been described.

Transient disruptions in blood-brain barrier perme-
ability also occur during the seizure (Bolwig et al. 1977) and
may account for the short-lived increase in T1 relaxation
times demonstrated by brain magnetic resonance (MR)
imaging after ECT (Mander et al. 1987; Scott et al. 1990).
The effects of age and associated brain changes on these
blood-brain barrier alterations have not been described in
humans, but in animals age is associated with more pro-
nounced blood-brain barrier changes after 10 electro-
convulsive seizures (Oztas et al. 1990).

Cardiovascular Physiology

ECT results in a marked activation of the autonomic ner-
vous system, and the relative balance of parasympathetic

and sympathetic nervous system activity determines the
observed cardiovascular effects (Applegate 1997). Vagal
(parasympathetic) tone is increased during and immedi-
ately after administration of the electrical stimulus, and
this may be manifested by bradycardia or even a brief pe-
riod of asystole. With development of the seizure, activa-
tion of the sympathetic nervous system occurs, resulting in
a marked increase in heart rate, blood pressure, and cardiac
workload. Peripheral stigmata of sympathetic activation
may also be observed and include piloerection and goose-
flesh. The tachycardia and hypertension continue through
the ictus and generally end along with the seizure. Shortly
after the seizure, there may be a second period of increased
vagal tone that may be manifested by bradycardia and vari-
ous dysrhythmias, including ectopic beats. As the patient
awakens from anesthesia, there may be an additional pe-
riod of increased heart rate and blood pressure as a result of
arousal and further sympathetic outflow (Welch and Drop
1989).

The cardiovascular responses during ECT combine to
produce an increase in myocardial oxygen demand and a
decrease in coronary artery diastolic filling time. Transient
electrocardiographic changes in the ST segment and T waves
are seen in some patients during the procedure, but it is un-
clear whether these findings are related to myocardial
ischemia (Gould et al. 1983; McCall 1997; Wesner 1986;
Zvara et al. 1997). A direct effect of central nervous system
stimulation on cardiac repolarization has been proposed as
an alternative mechanism (Welch and Drop 1989). No cor-
responding increase in levels of cardiac enzymes has been
found to accompany these electrocardiographic changes
(Braasch and Demaso 1980). In a study of patients receiv-
ing ECT, Messina et al. (1992) obtained echocardiograms
during and after ECT treatments and found transient re-
gional wall motion abnormalities more often in patients
with ST-T changes on electrocardiograms (ECGs), sug-
gesting a period of demand myocardial ischemia. The clin-
ical importance of these findings remains to be evaluated.

The effects of age on the cardiovascular response to
ECT have been examined in only a few modern studies.
Shettar et al. (1989) randomly assigned 19 patients (mean
age [± SD], 51 ± 21 years; range, 19–84 years) to ECT with
pretreatment with glycopyrrolate or with placebo, the al-
ternate pretreatment drug being used for the subsequent
ECT treatment (i.e., each patient served as his or her own
control). For both types of pretreatment, there was no cor-
relation between age and length of poststimulus asystole.
In two controlled studies of mixed-age samples that in-
cluded elderly patients (Prudic et al. 1987; Webb et al.
1990), no relationship was found between age and
ECT-induced changes in heart rate, blood pressure, or
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rate-pressure product. In a study of relatively younger pa-
tients (mean age, 43 years; range, 20–64 years), Huang et al.
(1989) noted a significant inverse correlation between age
and increases in blood pressure and rate-pressure product.

Although these results suggest that age, per se, is not
associated with the extent of the cardiovascular response to
ECT, these findings must be interpreted cautiously. Some
of the subjects in these studies (especially those who were
older) were also receiving antihypertensive drug therapy
that may have attenuated their cardiovascular response to
the treatments, and (as discussed later in this chapter) other
clinical observations suggest that at least some elderly pa-
tients with cardiovascular disease may be at risk for marked
increases in pulse and blood pressure during ECT
(Applegate 1997; Bodley and Fenwick 1966; Gerring and
Shields 1982; Zielinski et al. 1993).

Diagnostic Indications
and Efficacy

Major Depression

The most common indication for ECT in the elderly pop-
ulation remains depression, both unipolar and bipolar. In
elderly patients with depression, ECT is typically used as a
second-line treatment, after patients have failed to respond
to a trial of medication or have exhibited intolerance of the
side effects of medication. ECT should be considered a
first-line intervention, however, in certain situations: se-
vere suicidality, inanition and malnutrition, history of pre-
vious response to ECT, or patient preference (American
Psychiatric Association 2000).

Several clinical studies involving mixed-age samples
and various diagnoses have found increasing age to be asso-
ciated with a favorable outcome from ECT (Black et al.
1993; Carney et al. 1965; Coryell and Zimmerman 1984;
Folstein et al. 1973; Gold and Chiarella 1944; Kahn et al.
1959; Mendels 1965; Roberts 1959; Strömgren 1973). In-
vestigators in other studies involving older patients have
reported a diminished response to unilateral but not bilat-
eral ECT (Heshe et al. 1978; Pettinati et al. 1986;
Strömgren 1973) or a requirement for longer courses of
treatment (Ottosson 1960; Rich et al. 1984b).

The effects of ECT in elderly patients with depression
have been directly examined in a small number of studies,
but results are somewhat difficult to compare because of
differences in patient samples (e.g., size and diagnosis),
ECT technique (e.g., stimulus waveform and dosage and
electrode placement), and assessment methodology (Table
35–1). Nevertheless, reported response rates range from

63% to 98%, clearly demonstrating that increasing age,
per se, does not have a negative impact on the effectiveness
of ECT for depressive illness. Indeed, other data (although
uncontrolled) indicate that ECT is associated with reduced
chronicity, decreased morbidity, and decreased mortality
(Avery and Winokur 1976; Babigian and Guttmacher
1984; Wesner and Winokur 1989).

There are no controlled, prospective, randomized
studies comparing the efficacy and side effects of ECT ver-
sus drug therapy for treatment of depression in elderly pa-
tients. In a retrospective chart review of 112 consecutive
geriatric hospital admissions, Meyers and Mei-Tal
(1985–1986) compared outcome in depressed patients who
had received ECT with outcome in those who had received
tricyclic antidepressants (nonrandom assignment) and
found that ECT was associated with a better response rate
(81% versus 62%) and a lower morbidity rate (0% versus
27%).

Because major depression in elderly patients appears
to respond well to ECT, there may be little need to corre-
late specific clinical features with ECT response. However,
in the case of data derived largely from mixed-age samples,
a particularly good response to ECT has been associated
with the presence of psychosis, catatonia, pseudodementia,
pathological guilt, anhedonia, agitation, and neuro-
vegetative signs (Greenberg and Fink 1992; Hickie et al.
1996; Salzman 1982; Zorumski et al. 1988). In a prospec-
tive study involving 29 elderly patients (Fraser and Glass
1980), guilt, anhedonia, and agitation were identified as
positive prognostic signs. In multiple studies, response to
ECT has been particularly good in patients with delusional
depression, compared with a nonpsychotic group (Hickie
et al. 1996; Mulsant et al. 1991; Pande et al. 1990;
Wilkinson et al. 1993), although other studies have found
no difference (O’Leary et al. 1995; Rich et al. 1984a, 1986;
Sobin et al. 1995; Solan et al. 1988). The use of ECT in agi-
tated or psychotic elderly patients may spare them expo-
sure to neuroleptic agents. This consideration is impor-
tant, given the high risk of tardive dyskinesia and
drug-induced parkinsonism in elderly patients (Jenike
1985; see also Chapter 25).

Several authors have also attempted to identify predic-
tors of nonresponse to ECT. In a retrospective study,
Magni et al. (1988) compared elderly patients who
responded to ECT and those who did not respond and
found that physical illness during the index episode, fewer
negative life events preceding the onset of the index epi-
sode, and prior depressive episodes of long duration were
predictive of nonresponse to ECT. Other investigators
have found that longer duration of the index episode pre-
dicts poorer outcome (Fraser and Glass 1980; Karlinsky and
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TABLE 35–1. Studies of electroconvulsive therapy (ECT) as a treatment for geriatric depression
Study Subjects Methods Findings
Fraser and

Glass
1980

29 patients (8 men, 21 women)
Age 64–86 years
Depressive illness by Feighner

criteriaa

Prospective
ECT two times/week; chopped sine

wave; randomized assignment to
bilateral (n = 16) or right unilateral
(n = 13) electrode placement

Blinded outcome rating

Both groups had significant reductions in HRSD
scores 3 weeks after last treatment, at which
point 28 patients (97%) showed “satisfactory”
clinical outcome. No group differences in
therapeutic response.

Average time to reorientation after fifth ECT
treatment was 32.8 minutes for bilateral ECT
and 9.5 minutes for right unilateral ECT.

WMS scores improved during ECT, and 3
weeks after ECT all scores were normal. No
group differences.

Gaspar and
Samarasinghe
1982

33 patients (9 men, 24 women)
Age 66–88 years (mean ± SD,

73.9 ± 5.7 years)
Depression in 28 (85%) of 33

patients; diagnostic criteria
unspecified

Prospective
ECT two times/week for 3–4 weeks,

then one time/week; mean number
of ECT treatments, 8.7 (range, 2–29);
bilateral

Outcome rated as good, intermediate,
poor

Good outcome in 26 patients (79%),
intermediate outcome in 3 (9%), poor

outcome in 4 (12%).

Karlinsky and
Shulman 1984

33 inpatients (11 men, 22 women)
Age 62–85 years (mean ± SD,

73.2 ± 5.0 years)
DSM-III major depression, single

episode, in 12 patients (36.4%);
major depression, recurrent, in 18
(54.5%); bipolar disorder in 3
(9.1%)

Retrospective
ECT two or three times/week; sine

wave; unilateral (n = 23, 69.7%),
bilateral (n = 3, 9.1%), or both
(n = 7, 21.2%)

Nonblinded outcome rating by author
consensus from clinical progress notes

Follow-up at 3 and 6 months

Immediate “good” response in 14 patients
(42.4%), “moderate” response in 12 (36.4%),
“poor” response in 7 (21.2%).

During 6-month follow-up, 23 patients (69.7%)
remained out of hospital and 6 (18.2%) re-
ceived more ECT.

Only one complication (pneumonia), and even
this patient was able to complete ECT course.

Burke et al.
1985

30 patients (7 men, 23 women)
Age 60–82 years (mean, 72 years)
DSM-III major depression in 24

patients, bipolar disorder in 5

Retrospective
Average number of ECT treatments,

9 (range, 1–25); brief pulse; bilateral
in 70%

Outcome rating (four-point scale)
determined by review of medical
records

92% of patients with major depression
improved, and 69% showed complete
symptom resolution.

Burke et al.
1987

136 patients (39 men, 97 women)
Mean age of total sample, 48 years;

96 subjects < 60 years (mean ± SD,
39 ± 12.19 years), 40 subjects > 60
years (mean ± SD, 69 ± 6.43 years)

81% of total sample had a major
affective disorder; diagnoses of
elderly subgroup unspecified

Sine wave; bilateral in 87%, unilateral
in 73%; mean number (± SD) of ECT
treatments, 9 ± 3.6

70% of total sample had complete resolution of
affective symptoms (61% < 60 years, 75% > 60
years).

Complication rates increased with age (35% in
older group, 18% in younger group).

Kramer 1987 50 inpatients (9 men, 41 women)
Age 61–88 years (mean, 74.1 years)
DSM-III major depression in 49

patients, schizophrenia in 1

Retrospective
ECT three times/week; brief pulse;

bilateral all patients
Nonblinded assessment by author’s

chart review

46 patients (92%) “much improved” after ECT.
No serious medical complications.

Godber et al.
1987

163 patients (43 men, 120 women)
Mean age, 86 years; all > 65 years
Primary depression by Feighner

criteriaa in 153 patients (94%),
psychotic symptoms in 80 (49%)

ECT two times/week for most patients,
three times/week for those slow to
respond; sine wave; right unilateral
in 155 patients (95%); mean number
of ECT treatments, 11.2

83 patients (51%) “fully recovered,” 37 (23%)
“much improved,” 34 (21%) poor response.

Magni et al.
1988

30 patients (14 men, 16 women)
Mean age, 73.9 years
DSM-III major depression

Retrospective
ECT two or three times/week initially,

then once weekly; bilateral in all
patients; minimum of 7 ECT
treatments (range, 7–12)

Independent clinical rating by two
psychiatrists

19 patients (63%) responded to ECT.

(continued)
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Study Subjects Methods Findings
Coffey et al.

1988
44 inpatients (18 men, 26 women)

with leukoencephalopathy
Age 60–86 years (mean, 73 years)
DSM-III major depression in all

patients

Retrospective
ECT three times/week; brief-pulse,

“moderately suprathreshold” stimulus;
average number of ECT treatments,
9 (range, 6–14)

Nonblinded global ratings of clinical
response

“Excellent” response in 54%, “good” response in
44%.

Coffey et al.
1989

51 inpatients (15 men, 36 women)
Age 60–90 years (mean, 71.3 years)
DSM-III major or bipolar depres-

sion in 49 patients, organic affec-
tive disorder in 2

Prospective
ECT three times/week; brief pulse;

unilateral (n = 38), bilateral (n = 3),
or both (n = 10); mean number of
ECT treatments, 9 (range, 5–18)

Nonblinded observer and patient
self-rating

42 patients (82%) met criteria for full therapeu-
tic response.

No association between ECT response and
brain white matter abnormalities on magnetic
resonance images.

Mulsant et al.
1991

42 inpatients (7 men, 35 women)
Age 60–89 years (mean ± SD,

73.5 ± 7.3 years)

Prospective 28 patients (67%) had excellent response to
ECT (50% decrease in HRSD score).

DSM-III major depression ECT three times/week; brief pulse;
unilateral (n = 29, 69%), bilateral
(n = 3, 7%), or unilateral and then
bilateral (n = 10, 24%); mean number
of ECT treatments, 8.3 (range, 4–13)

HRSD, BPRS, and MMSE scores, used
for outcome rating, obtained by re-
search nurses

38 patients had decrease in BPRS score.
No significant change in mean MMSE scores for

group.

Rubin et al.
1991

101 inpatients (19 men,
82 women)

Mean age (± SD),
76.0 ± 6.4 years

DSM-III unipolar depression

Retrospective
46 patients (46%) received ECT (tech-

nique not described), some in combina-
tion with antidepressant drug therapy;
65 (64%) received antidepressant drug
therapy only; nonrandomized

Nonblinded retrospective outcome rating
by unit director

Relative to patients treated with drug therapy,
those who received ECT had significantly
lower final BDI scores, greater reduction in
BDI scores, and higher frequency of ratings of
“major improvement” (78% vs. 42% for
non-ECT group).

Kellner et al.
1992

15 patients (11 men, 4 women)
Age 53–87 (mean, 69.9 years)
DSM-III major depression

Prospective
Blinded rating of outcome measures

including cognitive assessment and
antidepressant response

Randomized assignment to ECT one
time/week or three times/week for
3 weeks; brief pulse; bilateral

All patients improved. Mean HRSD scores
decreased from 27 to 12 in three times/week
group and from 29 to 20 in one time/week
group.

No difference in cognitive effects between
groups.

Wilkinson
et al. 1993

78 patients (23 men, 55 women)
Four age groups (18–39, 40–64,

65–74, and 75–88 years)
43 patients > 65 years (mean,

68.96 years in age 65–74 group
and 79.50 years in age 75–88
group)

DSM-III major depression with
melancholia or psychosis

Prospective
ECT two times/week; right unilateral

in 5 patients (6%), bilateral in rem
ainder; mean number of ECT
treatments, 7.9

Nonblinded cognitive and affective
ratings

Positive response to ECT defined as
≥ 50% reduction in Montgomery
Asberg Depression Rating Scale

Positive response to ECT in 73% of
patients ≥ 65 years and 54% of patients < 65
years.

Age associated with response to ECT, and with
more improvement in cognition on
MMSE with ECT.

Casey and
Davis 1996

19 patients (8 men, 16 women)
Mean age 79.5 years
DSM-III major depression in 18

patients; bipolar disorder depressed
in 1

Retrospective
Brief-pulse ECT (22 courses);

nonrandomized electrode
placement (bilateral, n = 13;
unilateral, n = 1; both, n = 8)

Nonblinded assessment of
“complication,” “confusion,”and
clinical response (4-point scale)

Clinical response (rating of ≥ 3) achieved in 19
(86.3%) courses. Response associated with
younger age, lower ASA rating, and absence of
neurological disorder.

Complications in 5 patients: dental (1), cardio-
vascular (2), urinary retention (1), and confu-
sion (1).

(continued)

TABLE 35–1. Studies of electroconvulsive therapy (ECT) as a treatment for geriatric depression
(continued)
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Study Subjects Methods Findings
Tomac et al.

1997
34 patients > 85 years old (79%

female)
Mean age 81 years (range 85–96)
DSM-III-R major depression (85%),

bipolar disorder (9%), depressive
disorder NOS (3%), delusional
disorder (3%), and dementia NOS
(59%)

Retrospective
Brief-pulse ECT three times/week

(mean, 7 ECTs); nonrandomized
electrode placement (unilateral,
65%; bilateral, 18%; and both 17%);
stimulus dosage at 150%–200% initial
seizure threshold

Nonblinded assessment of therapeutic
response and treatment complications

Significant increase in GAF (mean, 8.2 points,
n = 30) and significant decrease in HRSD
(mean, 5.7 points, n = 16) and BPRS (mean,
47.2 points, n = 18).

Significant increase in MMSE scores (mean, 2.6
points, n = 20)

Treatment complications in 27 (79%): most
common included confusion or delirium
(32%), transient hypertension (67%), and ar-
rhythmia (24%)

Gormley et al.
1998

67 patients > 75 years old (73%
female)

Mean age 79.4 years (range 75–91)
ICD-10 recurrent depression (78%),

bipolar disorder (15%), or depres-
sive disorder (7%)

Retrospective
Brief-pulse ECT twice weekly (mean,

6.7 ECTs); nonrandomized electrode
placement (bilateral, 95%; unilateral,
2%; both, 3%)

Nonblinded assessment of therapeutic
response (4-point scale), “complica-
tions,”“confusion,” and “memory
impairment”

Marked improvement in 53% and moderate im-
provement in 32%

Complications in 11% (prolonged confusion,
6.5%; hypomania, 4%; hypertension, 2%;
headache, 2%)

Tew et al.
1999

268 women
Adults (< age 60 years), 133

patients; young-old (age 60–74
years), 63 patients; old-old (≥ age
75 years ), 72 patients

DSM-III-R major depression

Prospective
Brief-pulse ECT three times/week;

nonrandomized electrode placement
(bilateral, n = 22; unilateral, n = 136;
both, n = 87); stimulus dosage at 2.5
times initial seizure threshold

Nonblinded assessment of therapeutic
response (HRSD score ≤ 10 at 3 days
post last ECT) and of MMSE scores

Adult group had lower response rate (54%) than
young-old group (73%), whereas old-old
group had an intermediate rate of response
(67%); no relation of response to burden of
medical illness.

Only adult group showed significant decline in
MMSE scores at 3 days post ECT.

Note. BDI = Beck Depression Inventory; BPRS = Brief Psychiatric Rating Scale; DSM-III = Diagnostic and Statistical Manual of Mental Disor-
ders, 3rd Edition (American Psychiatric Association 1980); HRSD = Hamilton Rating Scale for Depression; MMSE = Mini-Mental State Exam;
WMS = Wechsler Memory Scale.
aSee Feighner et al. 1972.

TABLE 35–1. Studies of electroconvulsive therapy (ECT) as a treatment for geriatric depression
(continued)



Shulman 1984). Previous courses of ECT and increased age
at the time of first treatment with ECT have been linked with
aslowerresponserate toECT,withnoeffectoneventualpos-
itive outcome (Rich et al. 1984b; Salzman 1982; Shapira and
Lerer 1999). These limited data should not discourage the
clinician from initiating a trial of ECT in patients with any of
the aforementioned predictors of nonresponse. Clinical ex-
perience suggests that many elderly patients with these puta-
tivepredictorsofnonresponseoftenwill improvewithECT.

Efforts at using biological markers to predict ECT re-
sponse in elderly patients have met with equivocal success.
A variety of probes have been investigated in mixed-age
samples, including the dexamethasone suppression test
(DST), the thyrotropin-releasing hormone (TRH) test,
and other neuroendocrine tests (Decina et al. 1987; Kamil
and Joffe 1991; Kirkegaard et al. 1975; Krog-Meyer et al.
1984; Papakostas et al. 1981; Swartz 1993), as well as
polysomnographic studies (Coffey et al. 1988; Grunhaus et
al. 1996). None of these laboratory studies appear to be
strong “state-specific” markers for major depressive ill-
ness, and data are conflicting on whether they can be used
serially to follow the course of ECT, predict outcome, or
predict early relapse. Nevertheless, a report by Devanand
et al. (1991) suggests that consideration of complex techni-
cal factors in neuroendocrine testing may enhance the clin-
ical utility of such assessments in ECT.

Mania

Although extensive clinical experience indicates that ECT
is effective for treating both the manic and depressed
phases of bipolar illness in elderly patients, formal data for
this population are lacking. A small number of controlled
studies involving relatively young mixed-age samples have
found ECT to be superior to drug therapy (Mukherjee
1988; Mukherjee et al. 1994; Small et al. 1988, 1991). ECT
appeared to be particularly effective in mixed bipolar states
and agitated mania, conditions that tend to become more
prevalent as the illness becomes more chronic and refrac-
tory (Calabrese et al. 1993). Many elderly patients with bi-
polar disorder have reached this more severe phase of the
illness and thus may be expected to have a particularly good
response to ECT. Anticonvulsant medications are often ef-
fective in mixed bipolar disorder (Calabrese et al. 1993),
although we are not aware of efficacy studies testing this
use of anticonvulsants in elderly patients. ECT itself also
has powerful anticonvulsant properties (Coffey et al. 1995b;
Sackeimetal.1983).WhetherbilateralECTismoreeffective
than nondominant unilateral ECT in the treatment of mania
remains controversial (Small et al. 1991).

Schizophrenia and Other
Psychotic Disorders

No controlled data exist on the use of ECT in elderly pa-
tients with schizophrenia. ECT has been used in relatively
younger patients with this illness, and in these patients the
presence of affective or catatonic features, an acute onset of
illness with relatively brief duration of illness, or a history
of response to ECT, correlate with good outcome (Ameri-
can Psychiatric Association 2000). ECT is not very effec-
tive for treating the chronic, residual phase of the illness
with predominant negative features (Weiner and Coffey
1988). These “deficit” states become more common as the
illness progresses (Kaplan and Sadock 1988) and thus
should be highly represented in elderly schizophrenic pop-
ulations, although controlled data on this issue are lacking.

ECT has also been used in elderly patients with other
psychotic disorders. Botteron et al. (1991) reported the
cases of three elderly patients with late-onset psychosis
treated with ECT. None of the patients had major depres-
sion or dementia. Two patients with substantial structural
brain changes as shown by MR imaging (lateral ventricular
enlargement and deep white matter hyperintensities) did
not respond to ECT. A third patient with bilateral caudate
hyperintensities and normal subcortical white matter did
respond to ECT. As will be discussed later, we have noted
an excellent response to ECT for major depression in pa-
tients with subcortical hyperintensities on magnetic reso-
nance images, including patients with psychotic symptoms
and late-age onset (Coffey et al. 1989). To the best of our
knowledge, there are no data on the efficacy of ECT in pa-
tients with late-onset functional psychoses, such as
paraphrenia.

Concomitant Neurological Disease

There is increasing clinical evidence that ECT may be ef-
fective for affective disorders in patients with brain disease
(Dubovsky 1986; Hsiao et al. 1987; Krystal and Coffey
1997; Weiner et al., in press; Zwil et al. 1992). In some
cases, advantage has been taken of the neurobiological ef-
fects of ECT in order to treat the neurological disorder. Is-
sues related to modifications of ECT technique in patients
with cerebral disease are discussed later in this chapter.

Affective disorder in dementia. Twenty percent
to 30% of patients with dementia have marked concomi-
tant depression, and 10%–15% of patients with a diagnosis
of dementia actually have the pseudodementia of depres-
sion (Price and McAllister 1989; Rummans et al. 1999).
Depression may be difficult to diagnose in demented pa-
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tients. Some dementia patients may be too ill to generate
depressive complaints, with affective disorder manifesting it-
self chiefly as agitated, screaming behavior with neuro-
vegetative signs. Determining whether there is a personal or
family history of affective disorder may be helpful in diagnos-
ing depression in these patients (Fogel 1988). Thorough
treatment of depression in patients with dementia often does
much to enhance quality of life and functional status. (The ef-
fectiveness of drug therapy for depression in patients with de-
mentia is discussed in Chapter 34.)

Fisman (1988) reported the case of a man with major
depression and profound pseudodementia whose condi-
tion was diagnosed incorrectly for 14 years as Alzheimer’s
disease before his affective disorder was successfully
treated with ECT. In a literature review of the cases of 56
patients with dementia and depression treated with ECT,
Price and McAllister (1989) found the rate of response of
depression to be 73%. ECT effectively treated depression
in several subtypes of dementia, including senile dementia
of the Alzheimer’s type, multi-infarct dementia, and nor-
mal-pressure hydrocephalus, as well as the dementias of
Parkinson’s disease and Huntington’s disease (Price and
McAllister 1989). Locations of electrodes were not specified
in themajorityof cases reviewed.Nearlyone-thirdofpatients
with dementia also had an improvement in cognition after
ECT. Delirium was a relatively infrequent complication of
ECT in these patients (overall occurrence, 21%), clearing by
the time of discharge in all but one patient.

Dementia does not appear to be worsened by ECT.
Still, to minimize cognitive side effects of ECT, physicians
of patients with dementia may need to pay special attention
to issues of concomitant medications, electrode placement,
and frequency of treatments (discussed below). Prospec-
tive studies are needed to address the efficacy and side ef-
fects of ECT in depressed patients with dementia.

Parkinson’s disease. As discussed in Chapter 26,
depression is common in patients with Parkinson’s disease,
and treatment of depression with medication may be com-
plicated. Pharmacological treatment of the parkinsonism
is also limited. Levodopa therapy for Parkinson’s disease
often has serious side effects and does little to retard the
progression of the illness. Increasing doses of the medica-
tion are required to maintain motor function but in turn
cause more and more debilitating side effects such as hallu-
cinations, dyskinesias, and the on-off phenomenon.
Neuroleptics may improve the psychoses and dyskinesia
but increase parkinsonism. This situation has led to recent
attempts to graft fetal mesencephalic tissue into the brains
of patients with Parkinson’s disease (Krauss and Jankovic
1996). Despite some encouraging results, these experi-

ments remain fraught with difficulty at multiple levels
(Fahn 1992). Pallidotomy and deep brain stimulation are
other neurosurgical procedures that have recently been
gaining wider acceptance (Arle and Alterman 1999).

In this setting of limited treatment options, reports of
the efficacy of ECT in Parkinson’s disease offer the hope of
a safe and effective treatment (Table 35–2). Case reports
document that ECT is an effective treatment for both the
motor manifestations of Parkinson’s disease and the com-
monly associated depression (for a review, see Kellner and
Bernstein 1993). Interestingly, some patients experience
improvement in motor symptoms but not improvement in
mood, or vice versa (Kellner and Bernstein 1993; Young et
al. 1985).

A group of Swedish investigators (Andersen et al.
1987) performed the most methodologically rigorous trial
of ECT in Parkinson’s disease. In this double-blind, con-
trolled, crossover-design comparison of real ECT and
sham ECT, 9 (82%) of 11 nondepressed elderly patients
with the on-off phenomenon experienced substantial im-
provement in parkinsonian symptoms with ECT, with the
improvement lasting 2–6 weeks. Sham ECT was ineffec-
tive. Nine patients received bilateral ECT (8 responded,
1 did not respond) and 2 patients received right unilateral
ECT (1 responded, 1 did not respond). A total of five to six
treatments was given during the active phase of the trial.
The stimulus-dosing strategy was not fully detailed in the
report.

In a prospective naturalistic study, Douyon et al.
(1989) studied seven patients with both Parkinson’s disease
and major depression. Major improvement in motor func-
tion was noted after only two bilateral treatments. Follow-
ing an average of seven bilateral ECT treatments with “just
above threshold” stimulus dosing, mean New York Uni-
versity Parkinson’s Disease Rating Scale scores decreased
from 65 to 32 (51% improvement). Patients remained well,
without further ECT, for 4 weeks to 6 months. Although
initial Hamilton Depression Scale scores were determined
for all patients (all scores were greater than 20), follow-up
scores were determined for only four. Depression scores
decreased by a mean of 50% in these patients. In the report
of another prospective naturalistic study, Zervas and Fink
(1991) described the successful ECT treatment of four
nondepressed elderly patients with severe refractory Par-
kinson’s disease. Three of the four patients received bilat-
eral ECT. Stimulus-dosing strategies were not specified.
Improvement in parkinsonism rating scores of 20%–40%
was observed. Two patients were successfully treated with
ongoing maintenance ECT, but once it was discontinued,
both patients relapsed within 4–6 weeks. Finally, ECT has
also been found to be effective for neuroleptic-induced
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TABLE 35–2. Electroconvulsive therapy (ECT) for the treatment of Parkinson’s disease

Study
Number of

subjects Diagnosis ECT course Treatment response
Fromm 1959 8 Parkinson’s disease 5–6 bilateral ECT treatments Improvement: 5 patients

Mild improvement: 2 patients
No improvement: 1 patient

Brown 1973 7 Parkinson’s disease and major
depression

Average of 8 ECT treatments
(electrode placement unknown)

No improvement in Parkinson’s symptoms
No improvement in depression

Lebensohn and
Jenkins 1975

2 Parkinson’s disease and
depression: 1 patient

Parkinson’s disease and bipolar
disorder, depressed: 1 patient

4–6 ECT treatments (electrode
placement unknown)

Improvement in Parkinson’s symptoms: 2 patients
Improvement in depressive symptoms: 2 patients

Lipper and Bermanzohn
1975

1 Parkinson’s disease and
psychotic depression

7 ECT treatments (electrode
placement unknown)

Marked improvement in depression
Improvement in Parkinson’s symptoms

Dysken et al. 1976 1 Parkinson’s disease and
depression

12 bilateral ECT treatments Improvement in Parkinson’s symptoms
Improvement in depressive symptoms

Asnis 1977 1 Parkinson’s disease and
psychotic depression

6 bilateral ECT treatments Improvement in Parkinson’s symptoms
Improvement in depressive symptoms

Yudofsky 1979 1 Parkinson’s disease and
psychotic depression

10 ECT treatments (electrode
placement unknown)

Improvement in Parkinson’s symptoms
Improvement in depressive symptoms

Balldin et al. 1980 5 Parkinson’s disease: 5 patients
Parkinson’s disease and

depression: 3 patients

4–8 bilateral ECT treatments Improvement in Parkinson’s symptoms: 5 patients
Improvement in depressive symptoms: 3 patients

Balldin et al. 1981 9 Parkinson’s disease 3–8 bilateral ECT treatments Marked improvement: 5 patients
Slight improvement: 2 patients
No improvement: 2 patients

Ward et al. 1980 5 Parkinson’s disease 6 bilateral ECT treatments No improvement: 5 patients
Holcomb et al. 1983 1 Parkinson’s disease and

depression
14 ECT treatments (electrode

placement unknown)
Improvement in Parkinson’s symptoms
Improvement in depressed mood

Levy et al. 1983 1 Parkinson’s disease and major
depression

10 ECT treatments (electrode
placement unknown)

Improvement in Parkinson’s symptoms
Resolution of depressive symptoms

Young et al. 1985 1 Parkinson’s disease, major
depression, and dementia

7 right unilateral ECT treatments Improvement in Parkinson’s symptoms
No improvement in depressed mood or cognitive

function
Jaeckle and

Dilsaver 1986
1 Parkinson’s disease and bipolar

disorder, depressed
9 bilateral ECT treatments Improvement in Parkinson’s symptoms

Improvement in depressed mood
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Andersen et al. 1987 11 Parkinson’s disease Sham control

Bilateral: 9 patients
Right unilateral: 2 patients

Improvement: 9 patients

Burke et al. 1988 3 Parkinson’s disease and
depression

5–8 right unilateral ECT treatments Improvement in Parkinson’s symptoms: 2 patients
Improvement in depressed mood: 3 patients

Atre-Vaidya and
Jampala 1988

1 Parkinson’s disease and
mania

12 bilateral ECT treatments Improvement in Parkinson’s symptoms
Resolution of manic symptoms

Roth et al. 1988 1 Parkinson’s disease and
bipolar disorder, manic

10 right unilateral ECT treatments Improvement in Parkinson’s symptoms
Resolution of manic symptoms

Birkett 1988 5 Parkinson’s disease and
major depression

Right unilateral ECT (number of
treatments unknown)

Improvement in Parkinson’s symptoms: 4 patients
Improvement in depressive symptoms: 4 patients

Douyon et al. 1989 7 Parkinson’s disease and
major depression

Average of 7 bilateral ECT
treatments

Improvement in depressed mood: 7 patients
Improvement in Parkinson’s symptoms: 7 patients

Lauterbach and
Moore 1990

1 Parkinson’s disease and
major depression

9 ECT treatments (electrode
placement unknown)

Improvement in Parkinson’s symptoms
Improvement in depression

Zervas and Fink 1991 4 Parkinson’s disease 8–12 ECT treatments
Bilateral: 3 patients
Right unilateral: 1 patient

Improvement in Parkinson’s symptoms: 4 patients

Friedman and Gordon
1992

5 Parkinson’s disease and
major depression

7–12 ECT treatments
Bilateral: 1 patient
Right unilateral: 3 patients
Electrode placement unknown:

1 patient

Improvement in depressed mood: 4 patients
Improvement in Parkinson’s symptoms: 3 patients

Holzer et al. 1992 1 Parkinson’s disease and
major depression

8 right unilateral ECT treatments Improvement in Parkinson’s symptoms
Improvement in depressed mood

Oh et al. 1992 11 Parkinson’s disease and
major depression
(10 patients) or mania
(1 patient)

3–9 ECT treatments
Bilateral: 1 patient
Right unilateral: 9 patients
Unilateral then bilateral: 1 patient

Minor improvement in Parkinson’s symptoms:
2 patients

Improvement in psychiatric symptoms: 6 patients
Post-ECT delirium: 7 patients



parkinsonism (Hermesh et al. 1992).
Rasmussen and Abrams (1991) suggested that the pri-

mary indication for ECT in Parkinson’s disease be refrac-
toriness to, or intolerance of, antiparkinsonian medication
in patients with severe disability from the disease. They
recommended that ECT for Parkinson’s disease be initi-
ated with right unilateral placement at substantially
suprathreshold electrical dosage, with a switch to bilateral
ECT if no response is seen after three right unilateral treat-
ments. However, some patients with Parkinson’s disease
may be at increased risk of developing delirium during
ECT (Figiel et al. 1991), a complication that could be wors-
ened by use of bilateral electrode placement. For patients
who have clearly benefited from ECT, Rasmussen and
Abrams (1991) recommended maintenance ECT adminis-
tered just frequently enough to maintain improvement.
Recently, Aarsland et al. (1997) reported on two additional
patients whose Parkinson’s disease was successfully treated
with maintenance ECT.

The mechanism by which ECT benefits patients with
Parkinson’s disease is unclear. Rudorfer et al. (1988) found
significant increases in cerebrospinal fluid homovanillic
acid, the primary metabolite of dopamine in the central
nervous system, after a course of ECT. In addition to these
presumed presynaptic effects, Fochtmann (1988) found in-
creased dopamine, subtype 1 (D1), receptor binding in the
substantia nigra of rats who had electrically induced sei-
zures. She hypothesized that these changes may be associ-
ated with other changes in the dopamine system, including
upregulation of postsynaptic dopamine, subtype 2 (D2), re-
ceptors in the striatum. Another potential dopamine-
enhancing mechanism may be the temporary disruption of
the blood-brain barrier seen with ECT (Bolwig et al.
1977), allowing an increase in brain concentrations of
levodopa. Whatever the mechanism by which dopamine
potentiation may occur, levodopa doses may need to be de-
creased during a course of ECT to avoid dyskinesia and
delirium presumably related to dopamine overactivity.

Poststroke depression. As discussed in Chapter
27, approximately one-third of patients develop marked
depression in the 2 years after a stroke (Robinson and Price
1982; Rummans et al. 1999). In a placebo-controlled trial,
Lipsey et al. (1984) found a statistically significant im-
provement in poststroke depression treated with nortrip-
tyline. In other uncontrolled studies, the response rate to
psychostimulants in this population was 47%–52%
(Finklestein et al. 1987; Lingam et al. 1988). However, pa-
tients with stroke are often quite medically ill and debili-
tated and may be intolerant of pharmacotherapy. In the
study by Lipsey et al. (1984), 35% of patients assigned to

receive nortriptyline dropped out because of medication
intolerance.

Clinical reports suggest that ECT may also be effec-
tive for treating poststroke depression. In a retrospective
chart review of 14 patients with poststroke depression
(mean age, 66 years) treated with ECT at Massachusetts
General Hospital, Murray et al. (1986) found that 86% had
marked improvement in depression after ECT. Appar-
ently, no patient exhibited any worsening of neurological
deficit, and although formal measures of cognitive status
were not reported, 5 of the 6 patients with “cognitive im-
pairment” before ECT showed lessening of this deficit af-
ter ECT.

Currier et al. (1992) published retrospective data on 20
geriatric patients with poststroke depression treated with
ECT at the same hospital, with predominantly non-
dominant unilateral electrode placement being used. A
“marked or moderate response” to ECT was observed in
95% of patients. No patient experienced any exacerbation
of preexisting neurological deficits, but 3 patients exhib-
ited “minor encephalopathic complications” (prolonged
postictal confusion and amnesia) and two patients devel-
oped “severe interictal delirium requiring neuroleptics.”
Of note, 7 of their patients (37%) relapsed within a mean of
4 months of discontinuation of ECT, despite ongoing
maintenance drug therapy.

Elderly psychiatric patients with no clinical history
of stroke often have subcortical white matter hyper-
intensities on magnetic resonance images, which are be-
lieved to be evidence of ischemic cerebrovascular dis-
ease. Coffey et al. (1989) found a high rate (82%) of
response to ECT in depressed patients with these MRI
findings, many of whom had been refractory to antide-
pressant drug therapy. In addition, the majority of the
patients tolerated the course of ECT without major sys-
temic or cognitive side effects. This positive outcome
with ECT is especially notable given other data that sug-
gest that subcortical ischemic disease may be associated
with depressive illness that is resistant to treatment with
antidepressant medications (Fujikawa et al. 1996).

In summary, ECT may be effective for poststroke de-
pression, but controlled prospective data are needed to
confirm this clinical impression and to identify patients po-
tentially at risk for the adverse cognitive effects of the
treatment.

Other neuropsychiatric illnesses. A variety of
other mental syndromes secondary to medical conditions in
elderly patients may improve with ECT (Hsiao et al. 1987),
including catatonia and delirium from many different causes
(Fink 1996, 1997; Krystal and Coffey 1997; Strömgren 1997;

840 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



Weiner et al. 2000). Indeed, the antidelirium effect of ECT
may occur even in the absence of improvement in the condi-
tions that originally caused the delirium. A careful neuropsy-
chiatric evaluation is required in such instances to clarify the
etiology, including those conditions that might increase the
risk involved in ECT (discussed later in this chapter).

Issues of ECT Technique
Relevant to Elderly Patients

Pretreatment Evaluation

When a patient is referred for ECT, a focused evaluation of
indications and risk factors for the treatment should ensue
(American Psychiatric Press 2000; Coffey 1998). The pa-
tient’s current mental status, neuropsychiatric history (in-
cluding recent somatic therapies and history of treatment
with ECT), and family psychiatric history should be re-
viewed. In the evaluation of medical risk factors for the
treatment, the focus should be on the brain, the cardiovas-
cular system, the musculoskeletal system, and the upper
gastrointestinal tract. Any history of head trauma or sur-
gery, seizures, focal or general neurological complaints,
angina, congestive heart failure, bony fractures, osteopo-
rosis, spinal disease or trauma, or esophageal reflux should
be elicited. Any personal or family history of problems with
anesthesia should be noted.

Handedness should be assessed because of its rele-
vance to nondominant unilateral electrode placement
(Kellner et al. 1997). Because the hand used for writing is a
fallible indicator, patients should be asked which hand they
use to throw a ball, cut with a knife, and so on (American
Psychiatric Association 2000). A minority of left-handed
patients and patients with mixed dominance may have lan-
guage localized to the right hemisphere. For this reason, if
substantial confusion is observed in a left-handed patient
after the first right unilateral ECT treatment, consider-
ation should be given to the use of left unilateral electrode
placement at the next session. The time required for the pa-
tient to become fully oriented after the treatment can be
measured for each type of electrode placement, and the
treatment series can then be continued using the place-
ment associated with less confusion (Pratt et al. 1971).

A careful documentation of baseline affective and cog-
nitive status is essential in elderly patients before initiation
of ECT. In our clinical experience, the Hamilton or Mont-
gomery Asberg Depression Rating Scales and the Mini-
Mental State Exam are often helpful standardized instru-
ments that may be used at intervals throughout the ECT
course.

A physical examination and basic laboratory tests (e.g.,
serum potassium assay) should be performed and an ECG
obtained before ECT is initiated in elderly patients. Spe-
cial care should be given to the neurological examination,
including the funduscopic examination to rule out
papilledema. Further studies, such as a hemogram, serum
chemistries, spine X-rays, EEGs, brain computed tomog-
raphy (CT) scans or magnetic resonance images, and car-
diac functional evaluations (Applegate 1997; Coffey 1998;
Rayburn 1997), should be ordered as clinically indicated.
Elderly patients have an increased occurrence of clinically
important incidental brain findings (e.g., aneurysm,
subdural hematoma, undiagnosed primary or metastatic
brain tumor, and evidence of increased intracranial pres-
sure), and brain imaging may have predictive value as a tool
to detect increased risk for some ECT side effects (dis-
cussed in a later section) (Coffey 1996). The EEG can be
helpful for differentiating between pseudodementia and
dementia in some cases (Leuchter 1991). A baseline EEG
to determine background frequency may also be helpful for
comparison in cases of prolonged encephalopathy after
ECT. Roemer et al. (1990) performed quantitative analyses
of pre-ECT EEGs in elderly patients with depression and
found that normal anterior interhemispheric coherence in
the delta frequency band was associated with more clinical
improvement, whereas a poorer clinical response was seen
in those patients with lower coherence values.

For patients with serious cardiovascular disease, con-
sultation with a cardiologist is often indicated. Once the
decision to proceed with ECT has been made, the cardiol-
ogist should be asked how best to maximize the patient’s
cardiovascular function in preparation for, and during,
ECT (McCall 1997).

The patient’s medications should be carefully re-
viewed. Typically, all psychotropics are stopped before
ECT, although neuroleptics may be used if necessary
(Farah et al. 1995). Lithium taken around the time of ECT
has been linked to an increased incidence of delirium and
seizures (Weiner et al. 1980). These effects may be related
to an increase in brain lithium concentration, due to tran-
sient opening of the blood-brain barrier with ECT. Most
patients should not receive lithium for several days before
or after ECT (Kellner et al. 1991a), although exceptions to
this rule should be considered in patients who have demon-
strated early relapse when not taking the medication.

Antidepressants are usually stopped to avoid cumula-
tive cardiac and central nervous system side effects (Kellner
et al. 1991a), although this practice is now being reconsid-
ered. Studies in the early 1960s found no added benefit
with tricyclic antidepressant and ECT combination ther-
apy (Seager and Bird 1962). However, in a retrospective
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chart review of 84 geriatric patients with depression, Nel-
son and Benjamin (1989) found improved outcome (i.e.,
the need for fewer treatments) with tricyclic antidepressant
and ECT combination therapy. No increase in side effects
occurred in the group receiving combination therapy. The
study was severely limited by its retrospective design and
by the fact that the ECT-only group presumably included
more medically ill patients, in whom antidepressant drug
therapy may have been stopped for fear of complication
(Nelson and Benjamin 1989). Recently, Lauritzen et al.
(1996) demonstrated the safety of ECT combined with
paroxetine or imipramine, as well as the ability of both anti-
depressants to decrease relapse in the 6 months after index
treatment (although paroxetine was more effective for re-
lapse prevention than was imipramine).

Benzodiazepines may impair the intensity of the thera-
peutic seizure, thereby decreasing treatment response
(Kellner 1997b; Pettinati et al. 1986). The use of these agents
in elderly patients may also theoretically increase their sus-
ceptibility to cognitive side effects from ECT. Benzodiaz-
epineusethusshouldbeminimizedorstoppedbeforeECT.

In patients with epilepsy, the anticonvulsant effect of
ECT itself may allow for a temporary decrease in
anticonvulsant dose. There are few reported data about the
effects of carbamazepine and valproate on the efficacy of
ECT. However, because anticonvulsant medications could
interfere with the induction of adequate ECT seizures,
anticonvulsants prescribed for psychiatric indications (i.e.,
not for epilepsy) should usually be tapered and discontin-
ued before ECT (Kellner et al. 1997).

Several other specific pharmacological issues require
attention. Theophylline levels should be monitored
closely, because high blood levels during ECT have been
associated with status epilepticus (Abrams 1997a). Echo-
thiophate, an organophosphate glaucoma medication that
irreversibly inhibits cholinesterase and pseudocholinester-
ase, may cause prolonged apnea when combined with
succinylcholine and should not be given (Zorumski et al.
1988). Likewise, donepezil (Aricept) and tacrine (Cognex),
reversible cholinesterase inhibitors used as cognition
enhancers in patients with Alzheimer’s disease, could in-
crease the duration of succinylcholine muscle relaxation
(Physicians’ Desk Reference 1999). Otherwise, patients
should take any required cardiac, antireflux, or other medi-
cations with a sip of water the morning of the ECT session.

A final and critically important component of the
pre-ECT evaluation is the informed consent procedure.
According to the 1999 American Psychiatric Association
Task Force report on the practice of ECT, adequately in-
formed consent should involve “1) the provision of ade-
quate information, 2) a patient who is capable of under-

standing and acting intelligently upon such information,
and 3) the opportunity to provide consent in the absence of
coercion” (American Psychiatric Association 2000).
Compared with younger patients, those over 65 appear
to be less aware that they can refuse ECT (Malcolm
1989). With the increased prevalence of cognitive im-
pairment in elderly patients, competency to consent be-
comes a major issue, and the education of both patient
and family becomes essential. This is also a time in the
patient’s life cycle when children are becoming increas-
ingly responsible for their parents, and the patient’s chil-
dren should be involved in the consent process whenever
possible. Incompetent patients may require the judicial
appointment of a legal guardian for consent. (For a perti-
nent sample of an informed consent document, see
American Psychiatric Association 2000).

Recently, there has been a shift to performing ECT on
an outpatient basis. Many centers have found this to be a vi-
able and efficient way to offer the treatment, as long as cer-
tain precautions are taken (Association for Compulsive
Therapy 1996). First, the patient’s psychiatric illness must
allow for safe management outside the hospital. Clearly,
acute suicidality or agitated psychosis will often require in-
patient hospitalization. Second, the patient’s medical status
should be stable enough for safe outpatient management.
Additionally, strong social support is required; family
members or others must transport the patient to and from
the treatment facility, ensure the patient takes nothing by
mouth (NPO) for at least 8 hours before a treatment ses-
sion, and provide supervision between treatments (with
particular attention paid to ensuring that the patient re-
frains from driving and making important financial or per-
sonal decisions while experiencing cognitive side effects)
(Fink 1994). For some patients, it is helpful to administer
the first (or several initial) ECT treatment on an inpatient
basis and then switch to outpatient treatments once it has
been established that outpatient treatments can be admin-
istered safely and comfortably.

ECT Technique

In the United States, ECT is commonly given as a series of
single treatments on alternate mornings. Elderly individu-
als typically receive ECT initially in an inpatient setting.
Patients have been previously evaluated for coexisting
medical conditions and indications for treatment, and the
consent process has been initiated. The treatment team
consists of a psychiatrist, an anesthesiologist, and specially
trained nursing personnel. ECT is typically given in either
a special treatment suite or the recovery area of an operat-
ing room suite. Patients should have nothing to eat or drink
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for at least 8 hours before treatment. Once baseline vital
signs and an ECG have been obtained and pulse oximetry
has been performed, the short-acting barbiturate metho-
hexital is given at a dosage of approximately 1 mg/kg body
weight iv, followed by the depolarizing neuromuscular
blocker succinylcholine, given at a dosage of 0.75–1.5
mg/kg body weight iv. Adequacy of neuromuscular block-
ade is monitored by the use of a peripheral nerve stimulator
or by clinical assessment of relaxation, including loss of re-
flexes and tone.

Throughout the procedure, the patient is ventilated
with 100% oxygen and blood oxygen saturation is moni-
tored using a pulse oximeter. Heart rate and blood pressure
are also closely monitored. After a specially designed bite
block is inserted into the patient’s mouth, a predetermined
electrical stimulus is delivered across electrodes placed on
the patient’s properly prepared scalp. Typically, a general-
ized seizure ensues, lasting from 20 to 90 seconds. The sei-
zure is monitored by electroencephalography and by ob-
servation of the motor manifestations of the seizure, a
blood pressure cuff having been inflated above systolic
pressure on the right ankle to prevent access of the
succinylcholine to the right foot. Ventilatory support is
continued until the patient emerges from the anesthesia,
and further recovery is provided in an environment with as
little stimulation as possible. The entire procedure takes
about 20 minutes, and patients are often able to have break-
fast within an hour of the time of treatment.

A typical course of ECT consists of 6–12 treatments, al-
though occasionally patients may require fewer or more
treatments to achieve full response. The treatment schedule
isoftenmodified inelderlypatients to lessencognitive sideef-
fects, with treatments given once or twice per week rather
than three times per week (American Psychiatric Association
2000; Freeman 1995; Lerer et al. 1995; Zervas et al. 1993).
ECT is stopped when maximal clinical improvement is
thought to have been achieved or when further improvement
is not noted between treatments. Special attention is then
given to continuation/maintenance treatment with either
medication or ECT (discussed in a later section).

Anesthesia Considerations

Brief, light general anesthesia is used during ECT to ren-
der the patient unconscious during (and thus amnesic for)
the procedure. Methohexital is the agent of choice because
it has rapid onset and a brief duration of action and induces
minimal postanesthesia confusion. Methohexital also ap-
pears to have a lesser anticonvulsant effect than thiopental,
propofol, or alfaxalone with alfadolone (Althesin)
(Bergsholm and Swartz 1996). Still, because methohexital

is an anticonvulsant, and because the seizure threshold is
often increased in elderly patients (see the following sec-
tion), the lowest effective anesthetic dose is desirable. Be-
cause methohexital dosing is based on lean body mass, the
required methohexital dosage in many elderly patients may
be less than 1 mg/kg total body weight (Fragen and Avram
1990). In some cases, etomidate is a reasonable alternative
to methohexital, but it is more expensive and is associated
with pain on infusion, longer cognitive recovery time, and
short-term adrenocortical suppression.

The preferred neuromuscular blocking agent for ECT
is succinylcholine, primarily because it has rapid onset and
a brief duration of action. The use of succinylcholine may
require special consideration in the elderly patient.
Succinylcholine stimulates muscarinic cholinergic recep-
tors in the sinus node and may cause bradycardia, especially
if serial doses are required. This effect may be pronounced
in patients receiving β-blockers and those with evidence of
preexisting conduction delay on ECGs, both frequently
the case among elderly patients. Pretreatment with
anticholinergics, such as atropine or glycopyrrolate, will
block this bradycardiac effect (the use of anticholinergic
premedication is discussed in greater detail later in this
chapter). Patients with extensive burns or trauma, or with
severe spasticity or paralysis, may have an exaggerated
extracellular release of potassium in response to succinyl-
choline (R. D. Miller and Savarese 1990). Use of a non-
depolarizing muscle relaxant should be considered in these
patients. Myalgia following ECT may be due to either the
fasciculation caused by succinylcholine or excessive motor
movement during the seizure. Fasciculation may be
blocked in subsequent ECT treatments by administering a
small pretreatment dose (e.g., 3 mg) of d-tubocurarine.

Intragastric pressure also increases with use of
succinylcholine, related to abdominal skeletal muscle
fasciculation; however, the risk of gastric reflux and aspira-
tion is reduced by a concomitant increase in esophageal
pressure above the lower esophageal sphincter (R. D.
Miller and Savarese 1990). Certain groups of elderly pa-
tients (e.g., those with hiatal hernia, gastroparesis, or mor-
bid obesity) are at risk for substantial gastroesophageal re-
flux during the procedure, with subsequent risk for
aspiration pneumonitis (Zibrak et al. 1988). Smokers are
particularly prone to morbidity from aspiration (Lichtor
1990). In these patients, additional strategies beyond
requiring NPO status before a session may be considered
to decrease gastric volume and acidity during ECT. Pre-
medication with histamine, subtype 2 (H2), receptor antag-
onists or sodium citrate decreases gastric acidity, and
metoclopramide increases lower esophageal sphincter
tone and promotes gastric emptying (Lichtor 1990).
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Stimulus Dosing

Seizure threshold (the amount of electricity required to
elicit a seizure) increases with age (Coffey et al. 1995a;
Sackeim et al. 1991). This effect is believed to be the result
of a decrease in the excitability of the brain but may also be
partially due to increases in skull thickness (electrical resis-
tance) with aging. Older patients thus require higher ECT
stimulus intensities (doses) than do younger patients, but
the optimal stimulus dosage for ECT has yet to be deter-
mined. Data from mixed-age samples suggest that barely
suprathreshold stimulus intensities may be ineffective (es-
pecially for unilateral nondominant ECT), whereas exces-
sive stimulus dosing has been linked to more cerebral toxic-
ity (Sackeim et al. 1993; Weiner et al. 1986). Given these
data, our clinical practice is to use stimulus dosing in unilat-
eral ECT that is at least 2.5 times the patient’s seizure
threshold. This method of stimulus dosing requires a de-
termination of the patient’s seizure threshold, which may
be done routinely at the first ECT session by increasing
stimulus intensity in fixed increments over successive stim-
ulations until a seizure results (Coffey et al. 1995a; Kellner
et al. 1997; Sackeim et al. 1987). For bilateral ECT, we use a
stimulus dose that is 1.5 times the seizure threshold, be-
cause the efficacy of this modality appears to be less sensi-
tive to dosing effects than that of unilateral ECT.

Seizure threshold increases during ECT (the
well-known anticonvulsant effect), necessitating increases
in stimulus dose during the course of therapy (Coffey et al.
1990, 1995b; Kellner et al. 1997; Sackeim 1991; Sackeim et
al. 1991). This effect does not appear to be more pro-
nounced in elderly patients, but because this population
has a higher initial seizure threshold, some older patients
may eventually require stimulus intensities during their
course of treatment that exceed the maximal settings of the
ECT device. In such instances, we have found administra-
tion of caffeine to be an effective and well-tolerated strat-
egy for augmenting ECT seizures in elderly patients
(Coffey et al. 1987, 1990; Lurie and Coffey 1990).
Higher-powered ECT devices (available in some Euro-
pean countries) are also helpful. The effects of cerebral dis-
ease and age-related changes in brain structure on ECT
seizure threshold have not been described but are currently
under study in our laboratories.

Electrode Placement

The choice of unilateral or bilateral ECT in the elderly pa-
tient is often a complex one. Studies in mixed-age samples
suggest that right unilateral ECT has fewer cognitive side
effects (Weiner et al. 1986). Most research has also found

unilateral and bilateral ECT to be equally effective (Ameri-
can Psychiatric Association 2000); however, in those stud-
ies in which differences have been noted, bilateral ECT has
consistently been found to be more effective (for a review,
see Abrams 1997a).

Few studies have addressed the issue of electrode
placement specifically in elderly patients. In a meta-
analysis of the literature, Pettinati et al. (1986) found a
trend for improved efficacy in elderly patients receiving bi-
lateral treatment. In the only reported randomized study,
29 elderly patients with depression were assigned either to
unilateral or bilateral ECT two times a week (Fraser and
Glass 1980). Stimulus-dosing strategies were unclear. No
group differences were observed in terms of therapeutic re-
sponse or memory performance after ECT, but those sub-
jects randomized to bilateral electrode placement required
more time to become reoriented after the fifth ECT treat-
ment (Table 35–1). Whether the effects of cerebral disease
or age-related structural brain changes modify the thera-
peutic or adverse effects of unilateral versus bilateral ECT
in elderly patients has not been studied.

Thus, limited data exist to guide the choice of ECT elec-
trode placement in elderly patients with neuropsychiatric ill-
ness. Our approach is to begin with right unilateral ECT in
elderly patients, switching to bilateral ECT if minimal or no
response is seen by the fifth or sixth treatment. Because bilat-
eral ECT may have a more rapid onset of action, it may be
considered the treatment of choice in patients in urgent need
of care. If intolerable cognitive side effects develop with bilat-
eral ECT, the treatment may be changed to unilateral ECT
once the affective disorder has begun to respond. Finally,
atypical electrode placements (e.g., left unilateral, right
frontotemporal–left frontal, or bifrontal) may be clinically
useful in some elderly patients (Kellner 1997a; Letemendia et
al. 1993; Manly and Swartz 1994).

Seizure Monitoring

The seizure may be monitored indirectly by observation of
the convulsive motor response of a “cuffed” extremity, but
more direct monitoring with ictal electroencephalography
is preferred. The ECT seizure is monitored to confirm that
a seizure has occurred and to determine when it has ended
(Kellner et al. 1997; Weiner and Krystal 1993). More re-
cently, the ictal EEG has been studied using sophisticated
computer analysis to determine whether various indices
such as amplitude, regularity, or coherence may be predic-
tive of treatment efficacy (Krystal et al. 1995, 1996; Weiner
and Krystal 1993). These studies suggest that such mea-
sures hold promise for indicating seizure adequacy during
treatment sessions.
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Continuation/Maintenance ECT

Major depression is increasingly recognized as a chronic,
relapsing condition. Some studies have found 6-month re-
lapse rates as high as 50% for patients initially responsive to
antidepressant medications who are then given no form of
continuation/maintenance therapy (Prien and Kupfer
1986). Similarly high rates of relapse have been noted after
response to ECT if no form of continuation/maintenance
therapy is given (Imlah et al. 1965; Jarvie 1954). Frank et al.
(1990) found that relapse rates after response to pharmaco-
therapy can be substantially reduced by continuation of an-
tidepressant medication at full dose.

ECT is one of the few treatments in modern medicine
that is commonly stopped as soon as it has proven effective.
Usual clinical practice involves administration of continu-
ation/maintenance pharmacotherapy after successful
ECT. Because these patients often failed to respond to
medication therapy before ECT, it is not surprising that a
50% relapse rate at 1 year was found for patients receiving
maintenance pharmacotherapy after response to ECT
(Sackeim et al. 1990). In that study, there was a particular
propensity to relapse within 4 months after successful
ECT.

Results of a growing number of studies involving
mixed-age samples indicate that continuation/mainte-
nance ECT is safe and effective for the prevention of de-
pressive relapse, and there are several promising retro-
spective studies involving elderly patients (for a review,
see Monroe 1991). Thienhaus et al. (1990) described the
cases of six elderly patients with major mood disorder
treated with maintenance ECT for a period of 1–6 years.
While receiving maintenance ECT, patients spent sig-
nificantly fewer days in the hospital per year on average,
compared with the interval prior to beginning mainte-
nance ECT.

Dubin et al. (1992) reported the successful use of
maintenance ECT for an average of 22 months in a group
of eight patients over age 75. The single patient in the
case series who required rehospitalization had been pre-
viously withdrawn from maintenance ECT by her at-
tending psychiatrist and placed on fluoxetine. No major
adverse events were associated with maintenance ECT in
this case series.

Loo et al. (1991) described the use of maintenance
ECT in seven elderly patients over an average of 3 years.
Mean time in the hospital during this 3-year period de-
creased to 3 weeks, compared with 27 weeks for patients
treated during the 3 years before the introduction of main-
tenance ECT. Patients had 1.4 recurrences of illness dur-
ing the maintenance ECT period, compared with 4.7 re-

currences for patients during the 3 years preceding
maintenance ECT.

In one of the few prospective studies to date, we
(Clarke et al. 1989) evaluated 27 patients (mean age, 65
years; range, 26–90 years) not taking psychotropic medica-
tions who were assigned to a continuation ECT protocol
after initial response to ECT. Only 8% of patients who
completed the continuation ECT protocol required
rehospitalization, whereas 47% of those who did not com-
plete the protocol relapsed (a statistically significant differ-
ence).

Studies comparing continuation/maintenance ECT
with continuation/maintenance pharmacotherapy after
response to ECT are lacking in the literature. As of this
writing, a multisite study comparing treatment with
nortriptyline, nortriptyline plus lithium, and placebo after
successful ECT is nearing completion (Sackeim 1997) and
a second multisite study comparing continuation ECT and
treatment with nortriptyline plus lithium has been initi-
ated (C.H. Kellner, A.J. Rush, M. Fink, T. Rummans, un-
published data, 1996). Interim results of the former indi-
cate high relapse rates after ECT for patients (mixed-age
group) receiving monotherapy (approximately 75%) com-
pared with patients receiving nortriptyline plus lithium
(approximately 40%).

Continuation/maintenance ECT typically involves
single treatments given initially at weekly intervals, with
the frequency gradually reduced to every 4–8 weeks, as
the patient’s depressive symptoms allow. The increased
interval between maintenance treatments results in
fewer cognitive side effects than with an index course of
ECT, leading to the suggestion that bilateral treatment
may be the modality of choice for continuation/mainte-
nance ECT (Kellner et al. 1991c). Several factors deter-
mine whether the treatments can be given on an outpa-
tient basis. Patients must reliably follow NPO orders for
6–8 hours before treatment (patients are permitted only
a sip of water to take any required premedications). Pa-
tients must also have an adequate support system to as-
sure observation and care for several hours after treat-
ment. If these criteria cannot be met, or if the patient has
complex medical or recovery needs, an overnight stay in
the hospital may be required.

Adverse Effects of ECT and
Their Management

The safety of ECT compares favorably with that of any
treatment requiring general anesthesia. The mortality is
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variously reported as approximating three deaths per
100,000 treatments (the same as for general anesthesia for
minor surgery) and may actually be decreasing as medical
management of underlying illnesses improves (Abrams
1997a). To put these data into perspective, Abrams (1997b)
noted that ECT is 10 times safer than childbirth and that
the risk of dying from being struck by lightning is 6 times
higher than the risk of dying from ECT.

Kroessler and Fogel (1993) compared the mortality
during long-term follow-up of 65 depressed patients age
80 or older who had been treated with ECT with that of
patients treated with other modalities. The 2-year sur-
vival rate was 54% in the group treated with ECT, versus
90% in the group treated with medications. This group
difference was related to more severe depression and
physical illness in the patients who had received ECT.
The course of ECT itself was remarkably well tolerated
by these elderly patients, with a median interval between
ECT and time of death of 20 months. The authors called
for further attention to medical comorbidity as a prognos-
tic factor in future outcome studies of geriatric depres-
sion. Abrams (1997b) noted that the estimated mortality
rate among community-dwelling elderly patients (ap-
proximately 0.26% per each 3 weeks) was an order of mag-
nitude higher than that observed after a 3-week course of
eight ECT treatments in elderly patients (approximately
0.016%).

Cardiovascular Side Effects

A proportion of elderly patients referred for ECT have se-
rious preexisting cardiovascular disease. Common cardiac
conditions such as hypertension, angina, previous myocar-
dial infarction, atrial and ventricular arrhythmia, aneu-
rysm, and conduction system disease require evaluation
and optimized treatment before ECT, to minimize any ad-
verse effects from the hemodynamic events that occur dur-
ing ECT.

Uncontrolled retrospective studies comparing the
cardiovascular complication rate of ECT in older and
younger patients have found an increase in transient and
treatable complications in elderly patients. In a non-
blinded, retrospective chart review of 293 patients,
Alexopoulos et al. (1984) found cardiovascular complica-
tions in 9% of the patients age 65 and over, compared with
1% of the patients under 65. Cardiac ischemia, arrhythmia,
hypertension, and congestive heart failure were the most
common complications, although the vast majority of
complications were not clearly temporally related to ECT
and did not prevent the completion of treatment. Burke et
al. (1987) conducted a similar retrospective chart review of

136 subjects, 30% of whom were age 60 and over. Sine
wave bilateral ECT was used in 85% of cases. These inves-
tigators found a cardiorespiratory complication rate of
15% in patients age 60 and over, compared with 3% in
those under 60. Complications were correlated with the
number of cardiovascular medications the patient was re-
ceiving, with more medication presumably marking those
with more cardiovascular illness. These complications did
not affect treatment response. In a chart review of 81 el-
derly patients, Cattan et al. (1990) found a 36% cardiovas-
cular complication rate with ECT in patients over age 80,
compared with 12% in younger geriatric patients. As
would be expected, the older patients had notably more
medical diagnoses and were receiving more cardiovascular
medication than the younger patients.

More recently, two controlled studies of ECT in a total
of 66 high-risk patients with cardiovascular disease have
demonstrated the safety of ECT in elderly individuals.
Zielinski et al. (1993) compared the rate of cardiac compli-
cations in a group of 40 depressed patients (mean age, 68.9
years; range, 54–84 years) with serious preexisting cardiac
disease (left ventricular impairment, conduction delay, and
ventricular arrhythmias) with the rate of such complica-
tions in a group of 40 depressed patients (mean age, 68.3
years; range, 55–83 years) without cardiac disease. Not sur-
prisingly, the group with preexisting cardiac disease had
more complications. Most of the complications were tran-
sient (e.g., brief arrhythmias or increases in ectopy), how-
ever, and 38 of the 40 cardiac patients were able to complete
their course of ECT. This group of depressed patients with
cardiac disease had even more difficulty with adverse car-
diac effects from prior trials of tricyclic antidepressants; 11
of 21 patients had been forced to stop tricyclic treatment
because of cardiovascular complications. Rice et al.
(1994) used a case-control design to compare two groups
of patients over age 50 receiving ECT. One group con-
sisted of 26 patients at increased risk for cardiac compli-
cations, and 27 patients at standard risk made up the
other group. Compared with the patients at standard risk
for cardiac complications, patients in the high-risk
group were older, had received more pre-ECT medical
consultations before ECT, and experienced more minor
medical complications from ECT. However, the two
groups did not differ in terms of frequency of major med-
ical complications, and no patients died or experienced
permanent cardiac morbidity from ECT.

The data just reviewed suggest that ECT is a low-risk
procedure, even in elderly patients (Applegate 1997). Still,
prospective studies, carefully controlled for severity of car-
diovascular and other medical disease, are needed to evaluate
the effects of age on cardiovascular complications of ECT.
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Increasingly sophisticated medical management dur-
ing ECT should decrease the cardiovascular risk of treat-
ment in elderly patients (Applegate 1997; Weiner et al., in
press). The primary areas of concern are bradycardia,
tachycardia, hypertension, and ventricular arrhythmia.
Anticholinergic premedications (atropine and glyco-
pyrrolate) may be used to prevent vagally induced
bradycardia, but in elderly patients their use may be com-
plicated by confusion, tachycardia, constipation, and uri-
nary retention. We generally reserve the use of anticho-
linergic premedication for patients who develop unusually
prolonged or severe bradyarrhythmias. The method of se-
rial electrical stimulations to determine a patient’s seizure
threshold (described earlier) may involve administration of
subconvulsive stimuli, with a vagal surge unaccompanied
by the sympathetic outflow associated with a seizure. The
use of this method, as well as the presence of conduction
delay on the ECG, may indicate the need for pre-
medication with an anticholinergic, particularly if the pa-
tient is also receiving a β-blocker medication.

Hypertension and tachycardia during ECT in elderly
patients may be attenuated by short-acting intravenous
β-blockers such as labetalol or esmolol (Howie et al. 1990;
Stoudemire et al. 1990). It should be kept in mind that
β-blockers have anticonvulsant effects, and their use dur-
ing ECT may limit the intensity of the ECT seizure and, in
turn, its therapeutic potency. Kalayam and Alexopoulos
(1989) described the safe use of sublingual nifedipine be-
fore administration of anesthesia in an elderly patient with
a severe hypertensive response to ECT. Hydralazine (an
α-adrenergic antagonist), as well as nitroglycerine
(sublingual, transdermal, or intravenous), may also be used
when clinically indicated. Trimethaphan produces tran-
sient sympathetic and parasympathetic ganglionic block-
ade and has also been used in this setting (Maneksha 1991).
Although the hemodynamic responses to ECT are robust,
they are well tolerated by most patients, including elderly
individuals (Webb et al. 1990). In addition, indiscriminate
use of antihypertensive medication may lead to clinically
important hypotension in elderly patients. Therefore, we
do not routinely blunt the cardiovascular response to ECT
in elderly patients unless such changes are extreme or are
clearly associated with evidence of cardiovascular compro-
mise. Finally, in patients receiving adrenergic blockers,
anticholinergic premedication should be considered so as
to prevent a disproportionate decrease of sympathetic tone
below parasympathetic tone, with resultant bradycardia
(Abrams 1997a).

Marked posttreatment ventricular ectopy (multifocal
premature ventricular contractions [PVCs] or several con-
secutive PVCs) may be treated with lidocaine (1–1.5 mg/kg

body weight). Because of its anticonvulsant properties,
lidocaine should be given after termination of the seizure
(Drop and Welch 1989). Stoudemire et al. (1990) found
that ventricular ectopy could also be reduced by pretreat-
ment with labetalol.

Cerebral Side Effects

There is no evidence that ECT causes structural brain
damage (Devanand et al. 1994; Weiner 1984). Carefully
controlled prospective brain imaging studies in humans re-
veal no changes in brain structure for up to 6 months after a
course of ECT (Coffey 1993; Coffey et al. 1991).
Neuropathological studies in animals, including cell
counts in regions thought to be at highest risk, reveal no ev-
idence of brain damage when the seizures are induced un-
der conditions that approximate standard clinical practice
(i.e., when the seizures are spaced, relatively brief, and
modified by oxygenation and muscle relaxation). Further-
more, studies of the pathophysiology of seizure-induced
structural brain damage in animals indicate that the condi-
tions necessary for injury do not apply to the modern prac-
tice of ECT (Weiner 1984).

The incidence of cerebrovascular complications with
ECT is exceedingly rare. ECT has been given successfully
to patients with cerebral aneurysms, with close manage-
ment of blood pressure elevation (Krystal and Coffey
1997). The intracerebral hemorrhage reported in a
normotensive patient during ECT was probably related to
cerebral amyloid angiopathy (Weisberg et al. 1991). We
know of no other reported case of intracerebral hemor-
rhage with ECT, nor of any documented case of ischemic
stroke during the treatment.

The amount of time that must elapse before ECT can
be safely administered after an acute cerebral infarction is
unclear. Alexopoulos et al. (1984) reported the uneventful
delivery of ECT 4 days after a cerebral infarct (whether it
was hemorrhagic or ischemic was not specified), and others
(Currier et al. 1992; Murray et al. 1986) reported successful
ECT 1–2 months after ischemic stroke. Patients with a re-
cent cerebral infarction may have more friable vasculature
with a propensity to rebleed. These patients require time
for cerebral vessels to heal before ECT, as well as careful
management of blood pressure during the procedure.
Titratable agents with short half-lives (e.g., esmolol or ni-
trates) are helpful in this situation. Care must be taken to
avoid hypotension in all elderly patients with cerebro-
vascular disease.

Other intracranial processes are risk factors for ECT.
As described earlier, intracranial mass lesions and in-
creased intracranial pressure are among the most serious
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risk factors for ECT. In a retrospective literature review,
Maltbie et al. (1980) examined 28 patients (mean age, 47
years; range, 20–80 years) with brain tumor who were
treated with ECT. Only 34% of patients improved, and
74% showed neurological deterioration, with 29% dying
from neurological complications within a month of ECT.
This study was flawed by a form of recall bias, with cases in-
volving dramatic outcomes more likely to be reported. As
well, a previously undiagnosed brain tumor would more
likely be diagnosed during a treatment course involving
complications than during an uneventful ECT course.
Abrams (1997a) and Kellner (1996) reviewed reports of
several cases of safe delivery of ECT to patients with brain
tumors, mostly meningiomas, and ascribed the lessened
risk to the fact that the tumors were small and slow growing
and had no associated increased intracranial pressure.
There is no report of safely delivered ECT prospectively
given to a patient with documented increased intracranial
pressure (Abrams 1997a). Subdural hematomas may re-
quire evacuation before ECT (Abrams 1997a).

Side Effects in Other Organ Systems

Other organ systems that may be impaired in the elderly pa-
tient need to be considered before ECT, including the lungs,
bones, eyes, and teeth (Weiner et al. 1999). Pulmonary status
should be optimized before ECT. Patients with severe
chronicobstructivepulmonarydiseaseandcarbondioxidere-
tention may require special ventilatory strategies during the
treatment (Abrams 1997a). Pneumonia secondary to aspira-
tion of gastric contents may occur rarely during ECT
(Alexopoulos et al. 1989; Karlinsky and Shulman 1984).

Patients with osteoporosis, spinal disk disease, or
spondylosis may require increased muscular relaxation
during ECT. Such patients should receive succinylcholine
doses of at least 1.0–1.5 mg/kg body weight, and they re-
quire careful attention to clinical evidence of adequate re-
laxation (e.g., loss of reflexes or tone, and disappearance of
fasciculation) before delivery of the stimulus. Kellner et al.
(1991b) reported the safe treatment of a patient with osteo-
porosis and cervical spondylosis with multiple subluxations
of the cervical spine using succinylcholine doses of 1.3
mg/kg weight.

Because ECT produces a transient increase in intra-
ocular pressure, patients with chronic open-angle glaucoma
should receive their eyedrops before ECT. As noted earlier,
treatment with echothiophate, an irreversible cholinesterase
inhibitor, should be stopped several days before ECT. Pa-
tients with acute closed-angle glaucoma or retinal detach-
ment shouldbestabilizedbeforeECTandwatchedcloselyby
an ophthalmologist during an ECT course.

When a patient’s teeth are loose, decayed, or asymmet-
rical, the risk of dental injury during ECT may be in-
creased. A major proportion of malpractice litigation with
ECT is related to dental issues (Slawson 1985). A specially
designed bite block must be inserted before delivery of the
ECT stimulus. The tongue, cheeks, and lips must be kept
clear of the clenching teeth. The bite block should be used
even in edentulous patients. Occasionally, upper or lower
dentures may be kept in place during the treatment to facil-
itate airway management. In patients with only a few re-
maining, and possibly loose, teeth, dental consultation or
alternative bite block strategies (with the aim of shifting
bite pressure to the molars) may be helpful (Welch 1993).

Cognitive Side Effects

The cognitive side effects of ECT include acute postictal
confusion, impaired retrograde and anterograde memory,
and, occasionally, interictal delirium. The severity of these
adverse effects is increased with bilateral electrode place-
ment, sine waveform, higher stimulus dose relative to sei-
zure threshold, and more frequent treatments. Conversely,
cognitive side effects are reduced with right unilateral elec-
trode placement, brief-pulse waveform, lower stimulus
dose relative to seizure threshold, and longer intervals be-
tween treatments (American Psychiatric Association
2000). Although it has been suggested that elderly patients
may be at greater risk for these cognitive side effects than
are younger patients, controlled data on this issue are
limited.

Acute postictal disorientation. In studies in-
volving mixed-age samples of adults, increasing age has
been found to be associated with longer or more severe dis-
orientation immediately after ECT (Burke et al. 1987;
Calev et al. 1991; Daniel et al. 1987; M.E. Miller et al. 1986;
Sackeim et al. 1987). Additional risk factors for post-ECT
confusion in elderly patients may include presence of ma-
jor medical illness or use of psychotropic medications dur-
ing ECT.

In one of the studies focusing on elderly patients, Fra-
ser and Glass (1978) measured time to recovery of full ori-
entation in nine elderly patients with depression who
received ECT in courses in which electrode placement al-
ternated (i.e., unilateral placement in one treatment fol-
lowed by bilateral placement in the next treatment, and so
on). When comparing these reorientation times with those
reported in the literature for younger patients, the investi-
gators observed that recovery in elderly patients took five
times as long for unilateral treatment and nine times as long
for bilateral treatment. Recovery time after bilateral ECT
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increased cumulatively over the course of ECT, and with
closer spacing of treatments. No such relationship was
found for unilateral ECT. In a subsequent study of 29 el-
derly patients with depression randomly assigned to
courses of either unilateral (n = 13) or bilateral (n = 16) sine
wave ECT, Fraser and Glass (1980) found significantly
longer reorientation times after the fifth ECT session
among patients receiving bilateral treatments (32.8 min-
utes) than among those receiving unilateral treatments (9.5
minutes) (Table 35–1). In contrast to the group undergo-
ing bilateral ECT, patients receiving unilateral ECT had a
significant reduction in recovery time from the first to the
last treatment.

In a study of subjective side effects during ECT,
Devenand et al. (1995) found that older patients actually
reported fewer severe cognitive symptoms (i.e., confusion/
disorientation and amnesia) than did younger patients.

Agitated delirium on emergence from anes-
thesia. Approximately 10% of patients receiving ECT
experience an acute agitated delirium on emergence from
anesthesia, characterized by restlessness, disorientation,
combativeness, and poor response to commands. Age does
not appear to be a risk factor for this complication
(Devanand et al. 1989). The complication is usually effec-
tively treated with intravenous benzodiazepines (e.g., mid-
azolam or diazepam) or other sedatives (e.g., droperidol or
methohexital).

Interictal delirium. In a small proportion of pa-
tients, ECT is associated with more prolonged disorienta-
tion and even frank interictal delirium. Most studies evalu-
ating interictal delirium in elderly patients have used
disorientation as a measure, rather than the full
DSM-III-R (American Psychiatric Association 1987) or
DSM-IV (American Psychiatric Association 1994) criteria
for delirium. In a retrospective study involving 136 patients
receiving mainly bilateral sine wave ECT, Burke et al.
(1987) found disorientation (confusion severe enough to
alter the treatment plan) in 18% of patients older than 60
but in 13% of younger patients. This incidence increased
to 25% for patients over age 75. In a retrospective study in
which mostly bilateral (waveform not specified) ECT was
administered, Alexopoulos et al. (1984) found a somewhat
greater incidence of confusion (disorientation to time,
place, and person) in elderly patients (12.6%) than in youn-
ger patients (9.6%). Cattan et al. (1990) conducted a study
involving primarily bilateral or combination bilat-
eral-unilateral sine wave ECT and found a nonsignificant
trend for more frequent severe disorientation (defined
functionally by interference in ward activities) in elderly

patients over 80 (59%, n = 39), compared with those pa-
tients 65–80 years old (45%, n = 42).

In the study of Alexopoulos et al. (1984), elderly pa-
tients with a history of underlying organic brain disease
were found to have higher levels of severe post-ECT con-
fusion than were the younger patients, suggesting that
baseline cerebral impairment may increase the risk of ad-
verse cognitive effects of ECT.

In several studies, subcortical structural disease has
been implicated in the development of interictal delirium
with ECT. We have found subcortical gray and white mat-
ter lesions to be more extensive in elderly patients who de-
veloped a prolonged interictal delirium during a course of
ECT. The majority of these patients were able to continue
ECT, with no decline in expected treatment response. All
patients were free of delirium 1 week after ECT (Coffey et
al. 1989; Figiel et al. 1990). The specificity of subcortical
disease in producing delirium after ECT is further sug-
gested by Martin et al. (1992), who found that patients with
ischemic lesions of the caudate nucleus had a 92% inci-
dence of delirium during ECT. Patients with a previous
stroke in other brain regions had the same incidence of de-
lirium as did a group of elderly depressed control (no
stroke) subjects receiving ECT (Martin et al. 1992). In a
prospective study of seven consecutive patients with Par-
kinson’s disease, Figiel et al. (1991) found a 100% incidence
of interictal delirium during a course of ECT. The delirium
lasted 7–21 days, longer than is typical, but 86% of patients
recovered from depression. Whether the delirium was due
to subcortical disease or to increased intracerebral concen-
tration of levodopa (due to transient breakdown of the
blood-brain barrier with ECT) is unknown.

In summary, although the duration and severity of
acute post-ECT disorientation may increase with age, the
majority of elderly patients appear to recover their orienta-
tion within 60–120 minutes of the treatment. In the small
percentage of elderly patients who develop more pro-
longed confusion or frank delirium, underlying cerebral
impairment may be contributory, especially dysfunction of
the basal ganglia. Clearly, more research is needed in a
larger number of elderly patients to characterize
post-ECT confusion and to identify its risk factors, includ-
ing the effects of preexisting cerebral impairment.

Amnesia. A course of ECT is associated with transient
disturbances in memory, including both retrograde and
anterograde amnesia. Retrograde amnesia (forgetting of
material known before the ECT) may extend back to sev-
eral months before ECT and is more pronounced with bi-
lateral electrode placement, sine waveform, grossly
suprathreshold stimulus intensity, and increased treatment
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frequency (Abrams 1997a). These same factors also in-
crease anterograde amnesia (forgetting of information ac-
quired after the start of ECT). These side effects subside
within weeks of completion of ECT, but some patients may
have permanent loss of specific memories for some events
that occurred before, during, or shortly after the treatment
course. Although some patients may report persistent
memory difficulties, objective testing has demonstrated
that ECT is not likely to produce persistent impairment in
the ability to remember past information or acquire new
information (American Psychiatric Association 2000).

Given the large body of data on the amnestic effects of
ECT, it is surprising that there has been relatively little
controlled research on age as a risk factor (Abrams 1997a;
Calev et al. 1993; Fink 1979). Some (Fromholt et al. 1973;
Heshe et al. 1978) but not all (d’Elia and Raotma 1977;
Strömgren et al. 1976) early studies found that ECT-
induced amnesia is worse in older patients.

Zervas et al. (1993) examined age effects on memory in a
study comparing twice-weekly and three-times-a-week bilat-
eral ECT administered using contemporary techniques
(pulse waveform given at “moderately suprathreshold” stim-
ulus intensity). The sample consisted of 42 inpatients with a
mean age (± SD) of 53.5 ± 16.1 years; no patient was older
than 65 years, however. Correlations were found between age
and decrements in retrograde memory 1–3 days after the end
of ECT but not 1 month or 6 months posttreatment. Age was
also correlated with decrements in verbal anterograde mem-
ory acutely and 1 month after ECT (but not 6 months after
ECT) and with changes in figural anterograde memory
acutely and 6 months after ECT.

McElhiney et al. (1995) examined autobiographical
memory in a mixed-age sample (mean age [± SD],
54 ± 13.9 years) of 75 patients with depression randomly
assigned with regard to electrode placement and stimulus
intensity. Age was found to be a predictor of lower recall of
autobiographical memories after ECT. In a follow-up re-
port on this sample, the pre-ECT modified Mini-Mental
State Exam score was predictive of the extent of retrograde
autobiographical amnesia both 1 week and 2 months after
ECT (Sobin et al. 1995). This study provided evidence in
support of the conventional clinical wisdom that preexist-
ing cognitive deficit is a risk factor for more severe
ECT-induced amnesia. Work is under way by our group to
determine whether age-related structural changes on brain
images might also be predictive of cognitive impairment
after ECT (Coffey 1996).

Memory performance has been reported to improve in
elderly patients with the pseudodementia of depression
who are treated successfully with ECT (Reynolds et al.
1987; Stoudemire et al. 1995). In the study of Fraser and

Glass (1980) described earlier (also see Table 35–1), all el-
derly patients showed impairment of memory function be-
fore ECT, but during treatment, memory improved and
was normal in all patients by 3 weeks after completion of
the ECT course. No group differences were found on the
basis of electrode placement.

There has been relatively little research into the effects
of age on subjective memory complaints after ECT. As
noted previously, Devanand et al. (1995) found that older
patients actually reported fewer severe cognitive symp-
toms (i.e., confusion/disorientation and amnesia) than did
younger patients.

In summary, recent controlled data appear to support
the clinical wisdom that elderly patients are at greater risk
for the amnestic side effects of ECT. More work is needed
in a larger number of elderly patients (especially very old
patients) to characterize the extent and severity of
ECT-induced amnesia and to identify relevant risk factors,
including the effects of preexisting cerebral impairment.
Recommendations for lessening ECT amnesia in elderly
patients include using unilateral electrode placement and
brief pulse stimuli, avoiding maximally suprathreshold
stimulus dosing, and lessening the frequency of treatments
(e.g., giving ECT on Monday and Friday instead of Mon-
day, Wednesday, and Friday). A variety of pharmacological
agents have shown antiamnestic activity in animal models
of ECT, but clinical trials in humans have been limited by
methodological issues (Prudic et al. 1998).

Psychosocial Issues

In addition to its myriad biological effects, ECT has im-
portant intrapsychic and interpersonal effects. A powerful
treatment, during which the patient is put to sleep and has
an electrical stimulus delivered to the head, may arouse
predictable fears and fantasies in the patient. Issues of trust
and autonomy over one’s body while in a vulnerable posi-
tion may predominate, especially in patients with a history
of trauma. Patient education—in particular, educational
videotapes—may be effective and reassuring for these
fears. Patients who are vulnerable to idealized fantasies of a
nurturant, all-caring, supportive other may overvalue the
ECT procedure and practitioner. Conversely, these
patients may excessively devalue the treatment when their
distorted expectations are not realized. Such patients may
be at increased risk for a bad psychological outcome from the
treatment. Overidealization of the treatment should be chal-
lenged by the ECT practitioner, and the informed consent
process should be firmly grounded in factual information.

Patient attitude surveys indicate that those undergo-

850 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



ing ECT typically find the experience no more upsetting
than a trip to the dentist (Fox 1993; Hughes et al. 1981;
Malcolm 1989). In the only study that has systematically
examined the effects of age on patients’ perception and
knowledge of ECT, Malcolm (1989) found that patients
over 65 had less knowledge of the procedure before treat-
ment and were also less fearful of it. In addition, fewer el-
derly patients viewed the treatment as frightening after
completing a course of ECT.

Medicolegal issues surrounding the use of ECT in el-
derly patients include the informed consent process (dis-
cussed earlier in this chapter), do-not-resuscitate (DNR)
orders, and consideration of driving after ECT. A patient
with DNR status may still experience improved quality of
life with aggressive treatment of his or her affective disor-
der and may still be considered for ECT (Sullivan et al.
1992). In such cases, strategies for the management of ma-
jor complications that could occur during ECT should be
discussed with the patient and the family before treatment.
Patients should not drive until that point after a course of
ECT when cognitive side effects have substantially resolved
(Fink 1994). This issue may be an especially sensitive one for
elderly patients who consider driving a means of maintaining
their mobility and functional independence.

Financial concerns are of increasing importance in to-
day’s cost-conscious health care marketplace. A growing
literature suggests that ECT has economic advantages
over other forms of treatment for severe mood disorders.
The cost-effectiveness of ECT has been demonstrated for
both inpatient treatment of the index episode as well as for
maintenance therapy on an ambulatory basis (Markowitz
et al. 1987; McDonald et al. 1998; Olfson et al. 1998;
Steffens et al. 1995). Despite these advantages, there re-
mains much variation in ECT reimbursement patterns,
and it is not uncommon to encounter payers who will reim-
burse only for ECT when it is given on an inpatient basis. In
addition, reimbursement rates are very low and thus dis-
courage the use of this safe and highly effective treatment.

Transcranial Magnetic Stimulation

Transcranial magnetic stimulation (TMS) is a relatively
new technology that uses an electrically induced magnetic
field to generate small electrical currents that can depolar-
ize brain neurons. Repeated TMS (rTMS) can cause re-
peated neuronal firing that (depending on a variety of tech-
nical factors related to the TMS, as well as possible host
factors) can either augment or suppress neuronal network
functioning. Many ECT research groups throughout the
world are currently investigating rTMS as a possible anti-

depressant treatment. Most studies have been open trials,
relatively few elderly patients have been studied, and re-
sults indicate that there are minimal side effects but only
modest improvements in mood (for a concise review, see
George 1998). Although it is unclear what role rTMS will
play in the management of elderly patients who are candi-
dates for ECT, rTMS holds great promise as a tool for un-
derstanding the neurobiology of mood regulation.

Conclusions

Sixty years after its introduction, ECT remains a corner-
stone of the treatment of severe affective disorder and se-
lected other neuropsychiatric illnesses in elderly patients.
Recent modifications in ECT technique have reduced the
risk of severe side effects in this population. There is, how-
ever, a paucity of controlled studies comparing the efficacy
and safety of ECT versus pharmacotherapy in elderly pa-
tients. ECT also appears to be an effective treatment in pa-
tients with preexisting brain disease and in some cases may
even have a beneficial effect on the underlying neurological
disorder. Further study is needed to determine the impact
of age-related changes in brain structure or function and of
preexisting cerebral disease on the beneficial and adverse
effects of ECT in the elderly.
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36
Psychosocial Therapies

Linda Teri, Ph.D.

Susan M. McCurry, Ph.D.

Historically, it was believed that older
adults were not good candidates for

nonpharmacological, psychotherapeutic interventions.
However, in the past several decades, there has been a
growing awareness of the psychosocial issues confronting
aging adults and of the value of psychotherapy as a tool
for managing age-related change and maintaining quality
of life. The empirical literature on the treatment of de-
pression in older adults has been summarized in numer-
ous recent reviews (Niederehe 1994, 1996; Scogin and
McElreath 1994; Teri et al. 1994). Studies of a number of
other treatments related to psychological health in el-
derly patients have also been reviewed, including behav-
ioral assessment and treatment of anxiety (Hersen and
van Hasselt 1992), behavioral management of dementia
(C. K. Beck and Shue 1994; Fisher and Carstensen 1990),
reminiscence therapy or life review (Haight 1991;
Thornton and Brotchie 1987), treatments for sleep and
cognitive enhancement (Gatz et al. 1998), and group in-
terventions for family caregivers (Bourgeois et al. 1996;
Knight et al. 1993).

In this chapter, we summarize the main psychosocial
treatments that have been empirically evaluated in older

adults. The focus of the chapter is on psychosocial treat-
ments designed to improve the emotional status of partici-
pants. Therefore, the studies reviewed here had as their
primary treatment outcomes psychological variables such
as depression, anxiety, and other psychiatric symptoms; life
satisfaction; interpersonal skills; coping and stress manage-
ment; and caregiver burden. The emphasis of the chapter is
on controlled clinical trials; individual case studies or treat-
ments conducted using single-case design methodologies
are not discussed. The majority of the reviewed empirical
psychosocial studies involved cognitive-behavioral, brief
psychodynamic, or reminiscence-based interventions.
Studies of other forms of treatment for geriatric patients,
including interventions for alcohol abuse (e.g., Kashner et
al. 1992), behavioral treatments for insomnia (e.g., Bliwise
et al. 1995; Morin et al. 1999), and cognitive training or
memory-enhancement programs (e.g., Quayhagen et al.
1995; Verhaeghen et al. 1992), were excluded unless they
included evaluation of mood or psychosocial status as pri-
mary outcomes. Also excluded were studies describing
treatment of older patients using somatic therapies (e.g.,
use of light treatment, exercise, massage, or white noise to
reduce agitation in patients with dementia [Burgio et al.
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1996; Lovell et al. 1995; Snyder et al. 1995]) and studies de-
scribing staff training programs in institutional settings
(e.g., Baltes et al. 1994; Blair 1995; Heacock et al. 1997;
Lantz et al. 1997). In summary, the focus of this chapter is
on controlled clinical trials of psychosocial treatments for
older adults in which the primary treatment outcomes were
psychological.

Psychotherapy for
Depression in Older Adults

Much of the psychotherapeutic research involving elderly
patients has focused on the treatment of depression. De-
pression is thought to affect approximately 15% of com-
munity-dwelling persons over age 65 and up to 25% of
nursing home residents (National Institutes of Health
1991). Depressive symptoms are also prevalent among
medically or neurologically ill older adults, including those
with dementia and their caregivers (Baker 1996; Gallagher
et al. 1989; Teri and Wagner 1992). Nevertheless, epidemi-
ological studies indicate that older adults are underserved
by mental health care providers. It has been estimated that
only 10% of the older population in need of psychiatric
treatment receives this care (National Institutes of Health
1991). Because recurrence of depressive episodes is com-
mon throughout the life span, and suicide rates for older
adults are greater than for younger adults (Bharucha and
Satlin 1997; Reynolds 1997), this lack of psychosocial
treatment in geriatric patients is a cause of concern. Fortu-
nately, the literature has generally demonstrated that both
acute and continuation therapies can be effective with de-
pressed elderly patients (see Chapter 13). In this section,
we review empirical studies of psychosocial interventions
that were specifically designed to reduce depression in
community-dwelling older adults without dementia.

Cognitive-Behavior Therapy and
Psychodynamic Psychotherapy

Cognitive-behavioral approaches have been widely used in
the treatment of depression in geriatric outpatients. Cogni-
tive-behavior therapy (CBT) refers to an approach that com-
bines the conceptual and applied work of various cognitive
and behavioral-social learning theorists such as Beck (see
A.T. Beck et al. 1979) and Lewinsohn (see Lewinsohn et al.
1984). In interventions involving CBT, it is generally as-
sumed that psychiatric disturbances are learned and main-
tained through a combination of cognitive distortions and
behavioral or environmental events. Thus, the goal of
treatment is to change the cognitive and behavioral context

in which the disturbance occurs, through use of specific
techniques such as providing new information, teaching
problem-solving strategies, correcting skills deficits, mod-
ifying ineffective communication patterns, or changing the
physical environment in which problems arise. Homework
assignments to supplement in-session interventions are
frequently given. Although specific treatment protocols
vary, all cognitive-behavioral approaches tend to be active
and to be focused on solving specific, current day-to-day
problems, rather than on effecting global personality
change. In practice, the terms psychoeducational and cogni-
tive-behavioral are often used interchangeably to refer to
similar intervention strategies.

A few controlled studies have compared the use of
psychodynamic or insight-oriented approaches with that
of either CBT or pharmacotherapy in depressed older sub-
jects. The dynamic approaches used in these studies differ
from CBT in their emphasis on the importance of the ther-
apeutic relationship as a mechanism of change and in their
focus on historical causes of current patient behavior.
Typically, patients are not taught specific skills as a part of
therapy, nor is homework outside of session considered an
essential aspect of treatment. Rather, greater import is as-
signed to patients’ psychological insight and ongoing emo-
tional experience. Therapeutic techniques such as reflec-
tion or interpretation of patient resistance are often used,
and the therapist tends to be less directive than in CBT.
Brief dynamic or insight-oriented approaches have been
developed, however, that emphasize specific problem reso-
lution within a limited number of therapy sessions (Strupp
1982). Among the brief manualized psychodynamic ap-
proaches, interpersonal psychotherapy (IPT) (Klerman et
al. 1984), has been the most widely used in controlled clini-
cal outcome trials with depressed older patients.

Much of the empirical data on the efficacy of CBT in
geriatric subjects have been obtained by L. W. Thompson,
Gallagher-Thompson, and their colleagues (Table 36–1).
Several of their studies compared cognitive and behavioral
treatments with a brief psychodynamic or insight-oriented
approach. For example, Gallagher and Thompson
(Gallagher and Thompson 1982, 1983; L. W. Thompson
and Gallagher 1985) compared the effectiveness of
short-term individual cognitive, behavioral, and brief rela-
tional-insight therapies in a sample of 30 elderly outpatient
volunteers who had no evidence of significant cognitive
impairment (Mini-Mental State Exam [MMSE] score of
25 or higher) and in whom a major depressive disorder had
been diagnosed. There was a substantial decrease in de-
pressive symptoms in subjects in all three groups by the end
of treatment, and this decrease was maintained at 1 year.
However, maintenance of treatment gains was not the
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TABLE 36–1. Empirical studies of cognitive-behavior or psychodynamic therapy in depressed older adults

Studya Subjectsb Subject age (years) Treatment Treatment duration
Gallagher and Thompson 1982,

1983; L.W. Thompson and
Gallagher 1985

30 outpatients with MDD Mean, 66–69 (range, 59–80) Individual CT
Individual BT
Individual relational-insight

therapy

16 sessions in 12 weeks

Jarvik et al. 1982 32 outpatients with MDD
(drug trial)

26 outpatients with MDD
(group therapy)

Range, 55–81 Imipramine therapy
Doxepin therapy
Placebo

36 weeks

Steuer et al. 1984 33 outpatient volunteers
with MDD

Median, 66 (range, 55–78) Group CBT
Group psychodynamic therapy

46 sessions in 9 months

L.W. Thompson et al. 1983 56 volunteer attendees Mean, 68 (range, 60–82) Coping With Depression group
course:
Professional instructors
Nonprofessional instructors

6 weeks

Fry 1984 28 outpatients Mean, 65 (range, 67–80) Group CBT
Group CBT after wait list

12 sessions in 4 weeks

L.W. Thompson and
Gallagher 1984

37 outpatients with MDD Mean, 67 Individual CT
Individual BT
Individual dynamic therapy
Wait list (control)

16–20 sessions in 3–4 months

Sloane et al. 1985;
Schneider et al. 1986

55 outpatients with MDD Mean, 64 (all subjects > 60) Individual IPT
Nortriptyline therapy
Placebo

16 weeks

L.W. Thompson and Gallagher
1986; L.W. Thompson et al. 1987,
1988; Gaston et al. 1988, 1989;
Marmar et al. 1989; Gallagher-
Thompson et al. 1990;
M.G. Thompson et al. 1995

91 outpatients with MDD Mean, 67 Individual CT
Individual BT
Individual psychodynamic therapy
Wait list (control)

16–20 sessions in 3–4 months

Beutler et al. 1987 56 outpatients with MDD Mean, 70–71
(all subjects > 65)

Alprazolam therapy
Placebo
Group CBT and alprazolam therapy
Group CBT and placebo

20 sessions
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Studya Subjectsb Subject age (years) Treatment Treatment duration
Scogin et al. 1987 29 volunteers with mild

depression
Mean, 68–72 Individual cognitive bibliotherapy

Individual delayed (cognitive)
bibliotherapy

Attention-control reading

Self-paced

Scogin et al. 1989, 1990 67 community residents Mean, 68 Individual cognitive bibliotherapy
Individual behavioral bibliotherapy
Wait list (control)

4 weeks

L.W. Thompson et al. 1991 67 older adult outpatient
volunteers

? Desipramine therapy
Individual CBT
Medication and CBT combined

? sessions in 3–4 months

Campbell 1992 103 low-income, community
residents with depression

Range, 64–82 Individual CT
No treatment (control)
Group crafts classes

16 sessions in 8 weeks

Gallagher-Thompson and
Steffen 1994

66 family caregivers with
depression

Mean, 62 Individual CBT
Individual psychodynamic therapy

16–20 sessions in 3–4 months

Reynolds et al. 1992, 1994, 1995,
1996a, 1996b, 1997, 1999a, 1999b;
Dew et al. 1997; Opdyke et al.
1996–1997; Miller et al. 1997;
Thase et al. 1997; Wolfson et al.
1997

158 consecutively enrolled
elderly patients with
recurrent MDD

Range, 60–80 After successful open treatment
(nortriptyline therapy plus weekly
IPT) of index depressive episode,
patients are randomly assigned to
one of four maintenance therapies:
Nortriptyline therapy
Nortriptyline therapy and IPT
Placebo and IPT
Placebo

Monthly for 3 years or until
recurrence of major
depressive episode

Mossey et al. 1996 76 medical outpatients
(recently hospitalized) with
subdysthymic depression

Mean, 71 (range, 60–91) IPT
Usual care

10 sessions in 3 months

Note. BT = behavior therapy; CBT = cognitive-behavior therapy; CT = cognitive therapy; IPT = interpersonal psychotherapy; MDD = major depressive disorder.
aStudies cited together involved subsamples of the same sample in the larger randomized clinical trial.
bA diagnosis of MDD is indicated for subjects in studies in which the diagnosis was specified; other studies may also have included subjects with this diagnosis.
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same across the three groups: depressive symptoms in-
creased in subjects in the brief relational-insight therapy
group, beginning as early as 6 weeks after treatment,
whereas no such relapse was evident in subjects in the other
two groups.

Subsequent studies (L. W. Thompson and Gallagher
1984) repeated the comparison of cognitive, behavior, and
brief dynamic therapies in elderly patients without demen-
tia and in whom a major depressive disorder had been diag-
nosed. Significant decreases were noted in depression for
all three groups compared to a 6-week, delayed treatment
control condition (Gallagher-Thompson et al. 1990; L. W.
Thompson and Gallagher 1986; L. W. Thompson et al.
1987). Other research groups have reported similar results.
Fry (Fry 1984) found group CBT, both in immediate- and
in delayed-treatment form, to be effective in reducing de-
pression in geriatric subjects, although patients were expe-
riencing a wider range of depressive symptoms (including
milder symptoms) before treatment than in the studies de-
scribed previously. Strategies involving CBT have been
shown to be effective in treating depression in elderly pa-
tients whether such techniques are taught by professional
or peer instructors (L. W. Thompson et al. 1983) and
through self-paced or time-limited bibliotherapy (Scogin
et al. 1987, 1989, 1990).

CBT has also been compared with pharmacotherapy
for treating depression in elderly patients. Jarvik, Steuer,
and their colleagues (Jarvik et al. 1982; Steuer et al. 1984)
conducted two concurrent studies in geriatric outpatients
who met DSM-III (American Psychiatric Association
1980) criteria for major depression. In one study (Jarvik et
al. 1982), they compared the response of patients who re-
ceived either imipramine, doxepin, or a placebo. In the
other study (Steuer et al. 1984), patients who had no evi-
dence of severe cognitive impairment were assigned to
CBT or group psychodynamic therapy. Results indicated
that all medication and therapy approaches were better
than a placebo in reducing depression, and no significant
differences in response between active treatments
(imipramine vs. doxepin therapy, CBT vs. dynamic ther-
apy) were observed. Medication therapy initially (at 26
weeks) was associated with a higher full remission rate than
was psychotherapy (45% vs. 12%, respectively) (Jarvik et
al. 1982). However, in the medication group, the drop-out
rate was higher and more subjects showed no improvement
by the end of treatment (36 weeks) than in the psychother-
apy group. Further, by the end of treatment, 40% of all pa-
tients who completed psychotherapy had achieved a full re-
mission in depression, eliminating the early advantage
found in medication recipients. Results for the CBT group
were slightly better than for the psychodynamic group, but

because subjects were enrolled in an open-trial
(nonrandomized) fashion, these conclusions are difficult to
interpret (Steuer et al. 1984).

Beutler et al. (1987) compared the relative and com-
bined effectiveness of alprazolam therapy and group cogni-
tive therapy in geriatric patients with major depression. Pa-
tients were randomly assigned to a 20-week course of
therapy plus medication (alprazolam or placebo) or medi-
cation only. Subjects in all treatment groups showed reduc-
tions in depressive symptoms (as rated by interviewers us-
ing the Hamilton Depression Rating Scale [HDRS]) after
1 month of treatment, and gains were maintained through
follow-up sampling (3 months after treatment). However,
patient self-reports of depression (as rated using the Beck
Depression Inventory [BDI]) and sleep disturbance indi-
cated continued improvement after 1 month and at fol-
low-up only for subjects who received group therapy. Sig-
nificantly more patients who received cognitive therapy
and medication were asymptomatic by the end of follow-up
than were those who received medication without psycho-
therapy. No significant differences were reported for sub-
jects receiving therapy with or without active medication.

More recently, L. W. Thompson and colleagues
(1991) compared the efficacy of CBT with that of
desipramine therapy, either alone or in combination with
CBT, in treating 67 depressed elderly patients. Patients
who received combined treatment had significantly
greater reductions in depression than did those in the
desipramine-only group, but not those who received CBT
only. No significant differences in depression measures
were observed in subjects who received either desipramine
or CBT alone.

IPT has been compared with nortriptyline therapy in
some of the most extensive research into psychosocial in-
terventions for treatment of geriatric depression (Table
36–1). Early studies showed that IPT was as effective as
nortriptyline therapy at 6 and 16 weeks in the acute treat-
ment of geriatric major depression and that IPT was also
associated with lower drop-out rates (Schneider et al. 1986;
Sloane et al. 1985). Short-term IPT (six to eight sessions)
has also been shown to reduce subdysthymic depression
significantly, as evidenced on the Geriatric Depression
Scale (GDS), up to 6 months after hospital discharge in el-
derly outpatients, compared with persons receiving usual
medical care (Mossey et al. 1996). In an ongoing dou-
ble-blind, controlled study, Reynolds and colleagues
(1999b) are following a group of cognitively intact elderly
individuals who, after successful treatment for recurrent
major depression with a combination of IPT and
nortriptyline, were randomized to maintenance treatment
for 3 years with placebo, nortriptyline, or a combination of
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IPT and placebo or IPT and nortriptyline. This study
showed that elderly patients are able to benefit from psy-
chological or pharmacological treatment of acute depres-
sion, although their rate of response is somewhat slower,
and relapse rates appear to be higher, than among younger
depressed individuals (Reynolds et al. 1999a).

A variety of factors may influence treatment outcome
in studies of CBT and dynamic interventions in older
adults. For example, in the Pittsburgh IPT studies, family
involvement in educational workshops was linked to im-
proved response to depression treatment and lower
drop-out rates (Sherrill et al. 1997). Persons who reported
good-quality sleep during the early stages of maintenance
therapy have been shown to have significantly lower rates
of depression relapse after active antidepressant medica-
tion therapy is discontinued and replaced with monthly
IPT sessions plus placebo (Reynolds et al. 1997). M.G.
Thompson et al. (1995) reported a relationship between
major shifts in depressive mood and relapse rate in elderly
patients being treated with cognitive, behavioral, or brief
psychodynamic therapy. Gallagher-Thompson and
Steffen (1994), who treated depressed elderly caregivers
with either CBT or brief psychodynamic therapy, reported
an interaction between form of treatment and duration of
caregiving; individuals who had been caregivers for more
than 3.5 years showed greater posttreatment benefit and
were less likely to drop out of CBT, whereas those who had
been caregivers for a shorter time showed greater improve-
ment with the brief psychodynamic treatment.

Other intra-individual characteristics that have been
linked to poor treatment response in elderly patients in-
clude endogeneity of depression (Gallagher and Thomp-
son 1983), presence of a personality disorder (L. W.
Thompson et al. 1988), and pretreatment defensiveness
(Gaston et al. 1988). Commitment to therapy and positive
expectations of change have been associated with reduc-
tions in depression among elderly patients receiving cogni-
tive therapy but not behavioral or psychodynamic treat-
ment (Gaston et al. 1989; Marmar et al. 1989). Reynolds et
al. (1995) outlined many of the logistical challenges of suc-
cessful depression treatment in this age group, including
research recruitment, treatment noncompliance, and se-
lection of appropriate outcome measures. Therapist bias
against older adults may be a factor in treatment availability
for and outcome with elderly patients (Fry 1986; Lazarus
and Weinberg 1982), although few empirical studies have
examined the relationship between treatment outcome and
therapist variables. Because patients with significant cog-
nitive impairment were generally not enrolled in the exist-
ing empirical studies on geriatric depression, there is also
little known about the impact of cognitive function (e.g.,

reading ability, conceptualization, or problem-solving
skills) on treatment effectiveness or compliance. Future
studies are needed to clarify how these or other covariates
may influence treatment outcome.

In summary, there is a growing empirical literature
showing the effectiveness of CBT and brief psycho-
dynamic therapies in treating depression in physically
healthy elderly patients without dementia (studies involv-
ing physically frail or cognitively impaired depressed indi-
viduals are reviewed later in this chapter). There is evi-
dence that symptom improvements obtained with
psychotherapy are equal to those found with pharmaco-
therapy and that psychotherapy may be associated with
lower drop-out rates than pharmacological interventions
alone. A wide variety of CBT formats, including individual
and group interventions, bibliotherapy, and variants of
CBT (cognitive only and behavioral only), have produced
reductions in depression. In many studies, treatment gains
have been maintained for up to 1 year. The focus of psycho-
therapy literature has primarily been on community-
residing volunteers with a diagnosis of major depression;
however, some studies have shown psychotherapy to be ef-
fective with milder or chronic depressive symptoms as well.
As yet, no empirical studies have examined the efficacy of
CBT or psychodynamic treatments in older adults requir-
ing hospitalization for severe depression. However, the re-
search methodologies and standardized assessment instru-
ments that have been used in outpatient studies of CBT and
psychodynamic interventions should be applicable in fu-
ture research with depressed geriatric inpatients as well.

Reminiscence and Life Review Therapies

There is a growing empirical literature on the effectiveness
of reminiscence and/or life review therapy in elderly pa-
tients. Reminiscence is defined as “the act or process of re-
calling the past . . . a narration of past experiences” (Amer-
ican Heritage Dictionary 1985). In reminiscence therapy,
elderly patients are encouraged to remember the past and
to share their memories, either with a therapist or with
peers, as a way of increasing self-esteem and social inti-
macy. It is often highly directive and structured, with the
therapist choosing each session’s reminiscence topic. In
life review therapy, not only are past experiences recalled,
but an effort is made to help patients reexperience old con-
flicts and rework them so that there is therapeutic resolu-
tion. In other words, life review is one form of reminis-
cence, designed to produce a better understanding and
acceptance of past events (Butler 1963). In the clinical in-
tervention literature, however, reminiscence and life review
are often used interchangeably for any individual or group
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narrative therapy that encourages patients to remember
and describe the past.

Empirical trials have been conducted in which remi-
niscence and life review were used to reduce depression and
anxiety (measured using a variety of self-report measures)
and to increase feelings of self-esteem and life satisfaction
in older elderly patients (Table 36–2). Although some re-
sults have been promising, findings have been inconsistent.
For example, Fielden (1990) observed that life satisfaction
and socialization increased more among reminiscence
group participants than among participants in a “here and
now” current events group conducted at a sheltered hous-
ing complex. In contrast, Lappe (1987) and Rattenbury and
Stones (1989) found that both reminiscence and current
events discussion groups were effective in improving el-
derly patients’ ratings of psychological well-being.
McMurdo and Rennie (1993) reported reductions in de-
pression among retirement home residents who were en-
rolled in either reminiscence or exercise groups, although
depression decreased more in persons who exercised twice
a week. Arean et al. (1993) found that although both remi-
niscence therapy and problem-solving therapy led to re-
ductions in depression among older adults compared with
wait-list control subjects, subjects who underwent reminis-
cence therapy were significantly more depressed after the
conclusion of treatment and at 3-month follow-up than
were those who underwent problem-solving therapy. Still
other studies have found that reminiscence activities had
no significant effects on depression, anxiety, or self-esteem
(Hedgepeth and Hale 1983; Perrotta and Meacham 1981).

A number of variables may contribute to the inconsis-
tent impact of reminiscence on psychological well-being,
including cognitive function. In most studies conducted so
far, persons with obvious cognitive impairment or demen-
tia were excluded from participation, but in almost none of
the studies was a formal cognitive screening tool, such as
the MMSE or Mental Status Questionnaire, used to assess
cognitive function. Other factors that may affect treatment
outcome include intervention frequency and duration
(Baines et al. 1987; Lappe 1987), patient age (Youssef
1990), whether reminiscence therapy is conducted in a
long-term care or community setting (Lieberman and Falk
1971; Molinari and Reichlin 1985) or directed by peer or
professional leaders (Fielden 1990; Lieberman and Bliwise
1985), variability in measures of change used to assess
treatment outcome (Berghorn and Schafer 1987), and
whether environmental stimuli (such as music) are used to
enhance the reminiscence process (Bennett and Maas
1988). The amount of structure provided to the reminis-
cence activity may also affect treatment outcome. For ex-
ample, systematic life review techniques may be more ther-

apeutic than simple reminiscence, given that life review
encourages a reexamination of the emotional outcomes of
past events and may enable an individual to put these events
in a different, more positive perspective (Parker 1995). Fry
(1983) found that “structured” reminiscence was more suc-
cessful than “unstructured” reminiscence in lowering de-
pression posttest scores and significantly increased the
number of reports of self-confidence and adequacy. Haight
(1988) compared the effects of structured life review remi-
niscing in combination with nonstructured “friendly home
visits” with the effects of no treatment. Subjects who en-
gaged in life review reported increased amounts of life sat-
isfaction and increased psychological well-being at 8-week
posttest, and life satisfaction ratings remained higher for
these individuals than for control subjects at 1-year fol-
low-up; however, improvements in other measures of
well-being (e.g., affect balance or depression) were no dif-
ferent from those among controls at 1 year (Haight 1992).
Structured life review strategies have been found to be as
effective as systematic relaxation training (Ingersoll and
Silverman 1978) and CBT (Harp-Scates et al. 1986) in re-
ducing anxiety and improving life satisfaction or self-es-
teem.

The impact of reminiscence techniques may depend
on whether they are used in an individual or a group ther-
apy format. For example, some authors have noted that in-
dividual reminiscence has produced positive outcomes less
consistently than have group interventions (Watt and
Wong 1991). However, other authors have reported im-
provements in mood after individual reminiscence proce-
dures (Fallot 1980; Fry 1983) and have even suggested that
individual interventions may be the treatment of choice for
life review with geriatric subjects (Haight 1988). There is
also some concern that the terms reminiscence and life review
actually describe distinct psychological processes and that
these processes may significantly alter the effectiveness of
reminiscence as a therapeutic technique (Watt and Wong
1991). Indeed, the conceptual differences between simple
reminiscence and active life review have been considered
by a number of authors (see Merriam 1980; Molinari and
Reichlin 1985; Watt and Wong 1991). However, to date
there has been no empirical attempt to define operationally
the processes of reminiscence and life review or to test the
impact of each on selected clinical populations.

In summary, a number of empirical studies of reminis-
cence and life review have indicated that both can help re-
duce negative mood and improve life satisfaction and
self-esteem in geriatric outpatients. However, nonsig-
nificant findings have been reported in several studies,
which has led to speculation about factors that increase the
efficacy of reminiscence strategies. The approach to remi-
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TABLE 36–2. Empirical studies of reminiscence therapy in depressed older adults

Study Subjects Subject age (years) Treatment Treatment duration
Ingersoll and Silverman 1978 17 community residents Mean, 70 Behavior therapy group

Reminiscence/life review group
8 sessions

Fallot 1980 36 female outpatients Mean, 66 (range, 46–85) Individual reminiscence
Individual current or future events

2 sessions

Perrota and Meacham 1981 21 community residents Mean, 75–80 Individual reminiscence
Individual current life events
No treatment (control)

5 sessions

Fry 1983 162 outpatients with
depression

Median, 68
(range, 65–82)

Individual structured reminiscence
Individual unstructured reminiscence
Attention only (control)

5 sessions

Hedgepeth and Hale 1983 60 female outpatients Mean, 76 (range, 60–98) Individual reminiscence (past successes)
Individual reminiscence (present

positive events)
No reminiscence (control)

1 session

Harp-Scates et al. 1986 50 outpatients Mean, 75
(all subjects > 65)

Group cognitive-behavior therapy
Reminiscence group
Recreational activity

6 sessions in 3 weeks

Lappe 1987 83 NH residents Mean, 83 Reminiscence group
Current events group

10 weeks (half met two times/week,
half met one time/week)

Bennett and Maas 1988 26 female NH residents Mean, 82 Music-based life review group
Verbal life review group

6 sessions

Haight 1988, 1992 60 homebound elderly
patients

Mean, 76 (range, 61–99) Individual life review
“Individual friendly visits” (control)
No treatment (control)

6 sessions

Rattenbury and Stones 1989 24 NH residents Mean, 83–87 Reminiscence group
Current topics group
No treatment (control)

8 sessions

Fielden 1990 31 sheltered housing
residents

Mean, 74–75 Reminiscence group
“Here and now” group

9 sessions

Youssef 1990 66 female NH residents All subjects > 65 Reminiscence group (65–74 years)
Reminiscence group (75+ years)
No treatment (control)

6 sessions in 5 weeks



niscence or life review used for the treatment of geriatric
depression has not been standardized, and many protocol
variations exist that could influence treatment outcome.
Although the effectiveness of reminiscence remains incon-
clusive, studies do suggest that structured life review strate-
gies may be more effective than simple narrative reminis-
cence. However, the lack of objective cognitive screening
procedures may have led to a wide variability in subjects’
cognitive status across studies and in subsequent ability to
remember and to benefit from the reminiscence process.
There is also evidence that life review conducted in differ-
ent formats (individual or group) may produce different ef-
fects, but no well-designed comparison studies have been
conducted to evaluate this hypothesis. There has also been
no attempt to identify which clinical groups are most likely
to benefit from reminiscence therapy or under what cir-
cumstances alternative treatments should be considered.

Psychotherapy for Depression in
Elderly Patients With Dementia

There is growing interest in the psychosocial treatment of
depression in patients with dementia because depression is
commonly associated with dementia, and treatment of de-
pression can have a positive impact on the functional status
of cognitively impaired individuals (Teri and Wagner
1992). In this section, we discuss the empirical studies of
treatments specifically geared toward reducing depression
in cognitively impaired individuals.

Abraham et al. (1992) randomly assigned 76 nursing
home residents with mild to moderate cognitive impair-
ment (based on Modified MMSE scores) and depressive
symptoms (GDS scores of at least 11) to CBT, focused vi-
sual imagery, or education-discussion groups (Table 36–3).
No significant reductions in depression, feelings of hope-
lessness, or life satisfaction scores were observed for any
group after completion of the 24-week intervention, al-
though cognitive test scores did improve slightly over the
treatment period. The authors suggested that these nega-
tive mood findings may have been due to participants’
physical frailty and cognitive impairment and to the lim-
ited treatment duration.

A subsequent study involving community-dwelling
patients with Alzheimer’s disease and their caregivers (Teri
et al. 1997) showed that behavior therapy can be effective in
the treatment of major or minor depression in outpatients
with dementia. Treatment was based on a social-learning
model in which depression is viewed as a series of behaviors
that are learned and maintained through positive and nega-
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tive reinforcement contingencies (Lewinsohn et al. 1980).
Consequently, the central aim of treatment is to reduce or
eliminate depressive behaviors by altering the contingen-
cies that maintain them, as well as by introducing new con-
tingencies to stimulate and maintain nondepressive behav-
iors. In the study by Teri et al. (1997), caregiver-patient
pairs were randomly assigned in a double-blind, controlled
clinical trial to one of two behavior therapies (behavior
therapy–pleasant events or behavior therapy–problem
solving) or one of two control protocols (typical care or
wait list). Treatment consisted of nine individual, 60-min-
ute sessions, one per week, with patients and caregivers
participating in varying degrees. The goals of active treat-
ment were to teach caregivers behavioral strategies for im-
proving patient depression by 1) increasing the number of
pleasant events and decreasing the number of unpleasant
events and 2) using behavioral problem-solving strategies
to alter the contingencies that relate to depression and as-
sociated behavior problems.

Significant reductions in depression on standardized
measures (including the HDRS, BDI, and Cornell Depres-
sion in Dementia Scale) were noted in patients in the be-
havior therapy groups but not in those in the control
groups (Teri et al. 1997). Fifty-two percent of patients as-
signed to behavior therapy–pleasant events and 68% of
those assigned to behavior therapy–problem solving im-
proved over the course of treatment, compared with 20%
of subjects in the control groups. Treatment effects were
maintained at 6-month follow-up, and baseline severity of
depression was the only patient characteristic that pre-
dicted treatment response (more depressed subjects were
more likely to benefit from treatment). Interestingly, care-
givers of patients assigned to behavior therapy showed sig-
nificant reductions in depression, whereas caregivers of pa-
tients on the wait list did not. This latter finding was
unexpected, given that patient depression alone was the
treatment target. Increased skill in patient management,
availability of regular therapeutic support, and reduced de-
pression in the family member with dementia most likely
explain these added benefits. Thus, behavioral treatment
of patients with dementia may have the additional advan-
tage of improving caregiver affect and caregiving quality,
both of which are important and are often not assessed in
typical outcome studies (Teri et al. 1992).

Reminiscence and life review techniques have also
been used in studies involving confused, depressed elderly
patients in long-term care settings (Baines et al. 1987;
Goldwasser et al. 1987; Orten et al. 1989). In these studies,
reminiscence storytelling was conducted in a group format
(Table 36–3). Specific topics or themes were suggested by
staff, sometimes with the assistance of personal artifacts,
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newspapers, music, or other memorabilia used to stimulate
residents’ memories. All three studies found that simple
reminiscing led to reductions in depression and improve-
ments in social functioning for the confused participants.
However, changes were not maintained over time in all
treatment groups. The inexperience of group facilitators
and differing levels of patient impairment may have had a
negative impact on long-term treatment effects
(Goldwasser et al. 1987; Orten et al. 1989), although it may
be that treatment based primarily on cognitive effort (e.g.,
reminiscence) should not be expected to have long-term
effects on mood in persons with a progressive dementing
illness. Interestingly, Baines et al. (1987) found that remi-
niscence groups did improve long-term interactions be-
tween nursing home staff and patients, perhaps due to in-
creased staff understanding of patient needs and their
caretaking roles.

One final approach to treating depression that has
been described for use with dementia patients is reality ori-
entation therapy (Baldelli et al. 1993). This form of therapy
was designed to stimulate and consolidate cognitive func-
tions that have not deteriorated. Baldelli et al. (1993) found
that subjects who participated in a reality orientation ther-
apy group for 3 months also had significantly lower ratings
of depression on the GDS after treatment than did subjects
who received no treatment. This study had notable meth-
odological problems, including a lack of random assign-
ment into treatment groups, and the report did not include
information about group sample size, describe how the
GDS was administered to the cognitively impaired partici-
pants, or include follow-up data. The study does, however,
provide further indication that depression in patients with
dementia may be treatable, and additional research regard-
ing potential forms of treatment is warranted.

In summary, behavior therapy that emphasizes specific
skills training and behavior change has been shown to be
effective in reducing major and minor depression in outpa-
tients with progressive dementing illnesses such as Alzhei-
mer’s disease. There is also evidence that treatment for de-
pression in patients with Alzheimer’s disease can improve
caregivers’ mood, even when treatment does not specifi-
cally focus on the caregiver. The empirical literature on the
use of CBT in patients with dementia and their caregivers
is still in its infancy, and such positive early results support
further investigation. In long-term residential settings,
reminiscence techniques have been used to improve mood
and social functioning in severely impaired patients with
dementia. However, changes associated with use of remi-
niscence are not well sustained once treatment is discontin-
ued; therefore, reminiscence therapy may be most appro-
priate in settings in which reminiscence groups can be

available as needed for an unrestricted period (e.g., as part
of an institutional day activity program). Additional infor-
mation is also needed regarding the individual patient
characteristics (e.g., level of cognitive function) that affect
treatment effectiveness in patients with dementia. There
are at present too few data to draw conclusions about the
usefulness of nonbehavioral treatments (e.g., reality orien-
tation therapy) for reducing depression in this group.

Psychotherapy in Medically Ill
Elderly Patients

Elderly patients account for a disproportionally high per-
centage of the medical illnesses, disabilities, and utilization
of health care services in the United States (Keuthen and
Wisocki 1991). Because they also represent one of the fast-
est-growing segments of American society, there is con-
cern that the demand for geriatric medical services will
eventually exceed available resources. An increasing num-
ber of practitioners have begun exploring the supplemental
role of psychosocial interventions in geriatric health care.
For example, a number of studies have shown that the use
of mental health services leads to a reduction in medical
care, particularly in-hospital stays for persons over age 55
(Mumford et al. 1984). Use of behavioral interventions has
been shown to improve elderly patients’ compliance with
difficult medical procedures and their involvement in
wellness programs and exercise regimens (Gutman et al.
1977; Kirschenbaum et al. 1987; Matteson 1989). The ap-
plication and efficacy of psychological interventions in
older adults in chronic pain or undergoing medical rehabil-
itation have been described (Hartke 1991; Saxon 1991).

The majority of controlled experimental studies of
psychosocial interventions in medically ill geriatric pa-
tients have focused on patients’ abilities to cope with
chronic or life-threatening illness (Table 36–4). Most of
these studies have involved a combination of supportive,
educational, and problem-solving strategies drawn from
more systematic cognitive-behavioral, insight-oriented, or
reminiscence-based approaches. For example, adjustment
to declining sensory function has been a focus of some re-
search. Evans et al. (1982) provided problem-solving
group therapy by telephone to legally blind elderly pa-
tients. Participants showed increases in activity levels and
decreases in self-reports of loneliness although no changes
in actual social involvement were observed. Andersson and
colleagues (1995) taught 12 hearing-impaired elderly pa-
tients a combination of relaxation, assertive communica-
tion, and problem-solving skills, with the goal of improv-
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TABLE 36–4. Empirical studies with medically ill older adults

Study Subjects Subject age (years) Treatment Treatment duration
Godbole and Verinis 1974 61 rehabilitation inpatients with

physical disabilities
Mean, 69 (range,

38–82)
Individual confrontational therapy
Individual supportive therapy
No treatment (control)

6–12 sessions in 2–4 weeks

Ibrahim et al. 1974 118 patients with cardiac
disease

Range, 35–65
(67% of subjects > 50)

Supportive group therapy
No treatment (control)

50 weeks

Gruen 1975 70 hospitalized patients with
cardiac disease

Range, 40–69 Individual supportive counseling
No treatment (control)

5–6 days/week until discharge (mean,
3 weeks)

Kaplan and Kozin 1981 28 female patients with
rheumatoid arthritis

Mean, 46–51 (range,
23–63)

Education and supportive counseling
group

Education group

1 education session and 12 counseling
sessions

Spiegel et al. 1981 58 female patients with breast
cancer

Mean, 54–55 Support group
No treatment (control)

One time/week for 1 year

Evans et al. 1982 84 isolated visually impaired
volunteers

Mean, 61–62 (range,
53–78)

Group problem solving by telephone
No treatment (control)

8 sessions

Oldenburg et al. 1985 46 patients with cardiac disease Mean, 56 (range, 29–69) Individual education/relaxation/
counseling

Individual education/relaxation
Standard care (control)

10 weeks (counseling); education
and relaxation instructions on
audiotape

Shearn and Fireman 1985 105 patients with rheumatoid
arthritis

Mean, 55–58 Stress management group
Support group
No treatment (control)

10 sessions

Keefe et al. 1990 99 patients with osteoarthritis Mean, 64 Pain coping skills (CBT) group
Arthritis education group
Standard care (control)

10 sessions

Greer et al. 1992 156 patients with cancer Mean, 51–52 (range,
18–74)

Individual CBT
No treatment (control)

0–13 sessions in 4 months (median,
5 sessions)

Rice et al. 1993 229 alcoholic patients Mean, 39 (range, 18–76;
18% of subjects ≥ 50)

CBT
Relationship-enhancement therapy
Relationship- and

vocational-enhancement therapy

1–2 intake sessions; 1 session/week over
16 weeks; 2 booster sessions
(3 months and 1 year after treatment)

Andersson et al. 1995 24 hearing-impaired subjects Mean, 70 (range, 64–72) Group CBT
No treatment (control)

4 sessions in 5 weeks

Andersson et al. 1997 19 hearing-impaired subjects Mean, 72 (range, 67–75) Individual CBT bibliotherapy
No treatment (control)

1 in vivo relaxation training session and
4 telephone sessions in 4 weeks

Note. CBT = cognitive-behavior therapy.



ing patient adjustment to hearing aids and challenging
environmental situations (e.g., group conversation where
there is background noise). Group participants scored
higher on ratings of relaxation and socially appropriate
body posture in posttreatment videotaped role plays and, at
1-month follow-up, reported a significantly better ability
to handle difficult communication situations than did pa-
tients who received no treatment. In a subsequent study
(Andersson et al. 1997), hearing-impaired patients who
participated in a 4-week bibliotherapy program supple-
mented with brief weekly telephone contacts had better
scores on the Communication Profile for the Hearing Im-
paired as well as in interpersonal role plays of difficult social
situations (e.g., groups) than did control subjects, which
suggests that self-help treatment materials may be of value
for improving patient adjustment to hearing loss.

Studies have also examined the use of psychotherapy in
elderly patients with cancer. Spiegel et al. (1981) found that
patients with metastatic breast cancer who participated in a
year-long, nondirective support group reported signifi-
cantly less anxiety, fatigue, and confusion, as well as im-
proved coping strategies, compared with control subjects.
Greer et al. (1992) studied patients with newly diagnosed
cancer who attended individual CBT sessions to learn a
combination of relaxation techniques, cognitive coping
strategies, and communication skills for improving inter-
personal relationships. These patients reported signifi-
cantly less anxiety, helplessness, fatalism, and depression
and significantly greater adjustment to their disease than
did subjects who received no treatment. Statistical im-
provements were maintained at 4-month follow-up.

Cardiovascular disease (including stroke and heart dis-
ease) is another medical problem in geriatric patients that
may be amenable to psychotherapeutic intervention (Co-
hen-Cole 1989; Lipsey and Parikh 1989). Godbole and
Verinis (1974) studied 61 older adults with a variety of
physical disabilities, including cardiovascular and respira-
tory disease. Subjects were randomly assigned to “confron-
tational therapy,” supportive therapy, or no treatment. Pa-
tients in both active treatment groups showed significant
improvements on measures of depression, anxiety, feelings
of hopelessness, and somatic complaints compared with
control subjects. A number of authors (e.g., Butcher et al.
1984; Imes 1984) have suggested that group psychotherapy
can improve social and psychological functioning in pa-
tients with stroke. The utility of various depression treat-
ment measures for assessing poststroke depression in geri-
atric patients has also been described (Agrell and Dehlin
1989). Surprisingly, no empirical studies have demon-
strated the efficacy of psychotherapy in this population.
Data are available, however, on the use of psychosocial in-

terventions in patients with heart disease.
Ibrahim et al. (1974) compared elderly cardiac patients

assigned to a weekly supportive therapy group and control
subjects. Therapy group participants had slightly better
survival rates and showed a smaller increase in social alien-
ation than did controls during the study period, although
no significant differences on psychological, physical, or so-
cial measures were obtained. In contrast, Gruen (1975)
found that patients who were seen almost daily for support-
ive counseling and education while in intensive care after a
heart attack scored lower on measures of anxiety and de-
pression during hospitalization than did control subjects.
Differences in anxiety between groups were maintained at
4-month follow-up, and subjects in the treatment group
also tended to be less restricted in activity at follow-up
compared with no-treatment control subjects. Oldenburg
et al. (1985) found that patients receiving either brief (6–10
sessions) individual counseling and education or education
alone after hospitalization for a heart attack reported better
psychological and lifestyle functioning at 3-, 6-, and
12-month follow-up than did subjects who received rou-
tine care.

There is a growing literature on the impact of
psychosocial treatments on disability, pain, and depression
in older adults with rheumatoid arthritis or osteoarthritis
(Mullen et al. 1987). Keefe et al. (1990) found that patients
with osteoarthritic knee pain who received a combination
of training in pain coping skills and arthritis education re-
ported significantly lower amounts of pain and psychologi-
cal disability (anxiety and depression) than did patients who
received only arthritis education or standard medical care.
However, earlier intervention studies involving patients
with rheumatoid arthritis yielded less promising results.
For example, Kaplan and Kozin (1981) found no differ-
ences between patients with rheumatoid arthritis who only
received information about their disease and those who re-
ceived information and participated in 12 nondirective
group counseling sessions. Shearn and Fireman (1985) also
found no significant differences in measures of depression,
life satisfaction, or functional disability between patients
with rheumatoid arthritis who participated in either stress
management or mutual support groups for 10 weeks and
control subjects. Thus, the effectiveness of interventions
designed to treat psychological disability and pain behav-
iors in medical patients may be different in select popula-
tions. Other factors that may have confounding effects on
treatment outcome in medically ill elderly patients include
patient age and whether the spouse is involved in treatment
(Keefe et al. 1990).

In summary, although the number of existing con-
trolled studies is still relatively small and results are mixed,
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there is evidence that psychosocial interventions are valu-
able adjunctive treatments for some of the medical condi-
tions that affect older adults. Most studies have included
medical outpatients, and all have involved some form of
psychoeducational, problem-solving, or supportive inter-
vention strategy. Significant improvements in depression,
anxiety, feelings of hopelessness, and coping have been re-
ported in patients with vision and hearing impairment,
cancer, heart disease, and arthritis. Slight improvements in
survival rate and lower risks for rehospitalization have also
been described.

Psychotherapy and
Geriatric Caregivers

The American Association of Retired Persons (1986) esti-
mated that more than 5 million community-dwelling el-
derly people in the United States require some form of as-
sistance to maintain independent living. The vast majority
of this assistance comes from family members, usually
spouses or grown children who are often themselves el-
derly or beyond middle age. Caregiving is often a difficult
task associated with increased levels of depression, anxiety,
insomnia, marital conflict, alcohol and medication use, and
medical illness (Cantor 1983; Clipp and George 1990;
Coppel et al. 1985; Farkas 1980; Gaynor 1989; Pruchno
and Potashnik 1989; Rabins et al. 1982). Research on vari-
ous psychoeducational, psychotherapeutic, and self-help
interventions that have been used with caregivers has been
summarized in reviews (Bourgeois et al. 1996; Knight et al.
1993; Toseland and Rossiter 1989; Zarit and Teri 1991).
The authors of these reviews noted the lack of method-
ological rigor in most of these studies and the relatively
modest treatment effects reported. They also pointed out
the impracticality of expecting short-term supportive or
educational interventions to have substantial impact, given
the complexity and duration of the caregiving role. Never-
theless, research on the impact of psychosocial interven-
tions with caregivers has rapidly grown over the past de-
cade. This research can be divided into two distinct types:
studies of interventions designed to enhance caregiver psy-
chological functioning (here called caregiver-focused inter-
ventions), and studies of interventions designed to teach
family caregivers to alter patient behavior or psychiatric
status (here called patient-focused interventions).

The majority of the empirical treatment studies in-
volving caregivers have been in the caregiver-focused in-
tervention category. A number of these have included het-
erogeneous groups of caregivers and patient types (Table

36–5). For example, Greene and Monahan (1987, 1989) re-
cruited community-dwelling caregivers whose levels of
stress placed their elderly patients at risk for institution-
alization. The majority of patients were living with their
care providers (77%) and had at least one major medical ill-
ness (89%); Alzheimer’s disease had been diagnosed in less
than one-fifth (14%). Significant reductions in caregiver
anxiety, depression, and burden levels were observed after
8 weeks of group counseling that had supportive, educa-
tional, and relaxation components. However, improve-
ments were not maintained at 4-month follow-up, and no
caregiver or patient characteristics were associated with
any outcome. Lovett and Gallagher (1988) studied 107
family caregivers whose patients had a mixture of moderate
to severe memory impairment (40% of patients) and a vari-
ety of medical conditions and disabilities. Caregivers who
participated for 10 weeks in either a behaviorally based
group focusing on increasing the number of pleasant
events or a cognitive, problem-solving group experienced
decreases in depression and increases in morale that were
not observed in wait-list control subjects. Perceived
self-efficacy was more strongly associated with improve-
ment on outcome measures than was an abundance of
pleasant social events in the caregiver’s life.

Other investigators have attempted to control for het-
erogeneity of care providers by focusing on caregivers of
patients with specific disabling conditions rather than on
caregivers in general. Evans et al. (1988) studied caregivers
of stroke patients and found that patients who either 1) par-
ticipated in educational classes on the physical and
psychosocial consequences of stroke or 2) participated in
educational classes plus seven CBT sessions scored signifi-
cantly higher at 6-month and 1-year follow-up on mea-
sures of family functioning, communication, and problem
solving than did caregivers who did not receive education
or CBT. Families receiving CBT had significantly higher
levels of patient adjustment than did those receiving educa-
tion alone or no education or CBT. This finding is particu-
larly important given that 1) anxiety and depression are
common after strokes (Gass and Lawhorn 1991); 2) left un-
treated, depressive symptoms may not spontaneously re-
solve over time (Egelko et al. 1989); and 3) level of depres-
sion and stroke recovery are strongly related to the quality
of patients’ family relationships and response to stroke-re-
lated disability (Evans et al. 1987; S.C. Thompson et al.
1989).

A large number of studies have focused on caregivers
of patients with Alzheimer’s disease or related dementias.
Many of these studies have shown that although caregivers
enjoy participation in supportive and psychoeducational
groups, these treatments produce limited treatment
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TABLE 36–5. Empirical treatment studies with caregiving older adults

Studya Subjects Subject age (years) Treatment Treatment duration
Kahan et al. 1985 40 caregivers of patients with

Alzheimer’s disease
Range, 16–77 (59% of

subjects ≥ 60)
CBT
Wait list (control)

8 sessions

Greene and Monahan
1987, 1989

289 caregivers of patients with
dementia and medical illnesses
(34 groups)

Mean, 58 Group support, education, and relaxation
training

No treatment (control) (self-selected
nonparticipants)

8 sessions

Haley et al. 1987;
Haley 1989

54 family caregivers of patients
with dementia

Mean, 78 Support group
Support and stress management group
Wait list (control)

10 sessions in 4 months
(7 weekly, 2 every other week,
1 after month delay)

Scharlach 1987 37 daughters (of 24 elderly widowed
mothers)

Mean, 50 (range,
38–62)

Group CBT
Support/education group
Wait list (control)

2 sessions

Zarit et al. 1987 119 family caregivers of patients
with dementia

Mean, 62 Support group
Individual and family counseling
Wait list (control)

8 sessions

Evans et al. 1988 188 caregivers of stroke patients Mean, 61–63 Education group
Education group and individual CBT

Standard care (control)

Education group: 2 sessions
Education group and CBT: 9

sessions

Lovett and
Gallagher 1988

111 caregivers of frail elderly
patients

Mean, 59 Behavior therapy group
Problem-solving group
Wait list (control)

10 sessions

Robinson 1988 20 caregivers of patients with
dementia

? Social skills training group
Wait list (control)

8 sessions

Schmidt et al. 1988 20 family caregivers of patients
with dementia

Mean, 61–62 Individual problem solving
Individual emotional expression and

problem solving

4 sessions

Chiverton and
Caine 1989

40 spouses of patients with
dementia

Mean, 71 (range,
58–87)

Education group
No treatment (control)

3 sessions in 4 weeks

Montgomery and
Borgatta 1989

541 families caring for 576 elderly
persons with physical, functional,
or cognitive impairment

? Full family support services (caregiver
seminars, support groups, family
consultation services, and respite)

Caregiver seminars, support groups, and
family consultation only

Caregiver seminars and support groups
Family consultation services only
Respite only
No treatment (control)

6 sessions

(continued)
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Studya Subjects Subject age (years) Treatment Treatment duration
Toseland et al. 1989 56 daughter/daughter-in-law

caretakers of frail elderly patients
Mean, 50–55

(range, 35–66)
Professional-led support and education

group
Peer-led support group
Respite only (control)

8 sessions

Goodman and
Pynoos 1990

66 caregivers of patients with
dementia

Mean, 63–66 Peer telephone network
Telephone mini-lecture series (12 lessons)

2 supportive telephone calls/week
for 12 weeks

Mohide et al. 1990 60 caregivers of patients with
dementia

Mean, 66–69 Caregiver support program (home visits,
respite care, and support group)

Conventional care (home nursing) (control)

6 months

Toseland et al. 1990 154 daughter/daughter-in-law
caretakers

Mean, 50–52 Individual supportive therapy
Support group
Respite only (control)

8 sessions

Toseland and Smith 1990 87 daughter/daughter-in-law
caretakers

Mean, 50 Individual “action-oriented” therapy
with professional counselor

Individual “action-oriented” therapy with
peer counselor

No treatment (control)

8 sessions

Toseland et al. 1992 89 spouses of frail aging veterans Mean, 64–68 Support groups (support, education,
problem solving, stress reduction)

No treatment (control)

8 sessions

Mittelman et al. 1993,
1995, 1996

206 spouse caregivers of patients
with Alzheimer’s disease

87% of subjects ≥65 Individual counseling, family counseling,
and support groups

Usual care (control)

2 individual and 4 family sessions
in 4 months; weekly support
group sessions thereafter
(groups meet indefinitely)

Robinson and Yates 1994 33 caregivers of family members
with dementia

76% of subjects ≥60 Social skills development program (group)
Behavioral management skills development

program (group)
No treatment (control)

6 sessions in 12 weeks

McCurry et al. 1998 36 caregivers of patients with
dementia

Mean, 69
(range 50–86)

Group behavioral treatment
Individual behavioral treatment
Wait list (control)

Group treatment: 6 sessions
Individual treatment: 4 sessions

Note. CBT = cognitive-behavior therapy.
aStudies cited together involved subsamples of the same sample in the larger randomized clinical trial.

TABLE 36–5. Empirical treatment studies with caregiving older adults (continued)



effects. For example, Lawton et al. (1989) found that care-
givers (of patients with Alzheimer’s disease) who were of-
fered a year of formal respite care, and provided with finan-
cial assistance as needed as well as education about the
purpose and range of respite services available, were no dif-
ferent afterward, in terms of depression, subjective burden,
or ratings of affect, from caregivers who received none of
these services. Haley et al. (1987) found no improvements
in community-dwelling caregivers’ self-reports of psycho-
logical or social functioning after participation for 10
weeks in either support-only or support-with-skills-
training groups. At 2-year follow-up, although caregivers
reported high rates of satisfaction with these groups, there
was no evidence of group differences in caregiver outcome,
with the exception that group participation may have facili-
tated placement of patients under skilled nursing care
(Haley 1989).

Mohide et al. (1990) compared live-in caregivers who
received a combination of education, respite, and group
support with caregivers who had standard contact with
community home nursing services. Although neither
group showed improvements in depression or anxiety after
6 months, caregivers who received the combination treat-
ment did report more increases in perceived quality of life
and satisfaction with nursing services and their caregiving
role than did the conventional care recipients. Zarit et al.
(1987) reported reductions in family caregivers’ burden
level and psychiatric symptoms after participation in an ed-
ucation and problem-solving support group for 8 weeks or
8 weeks of individual and family counseling, reductions
that were maintained at 1-year follow-up. However, these
treatment effects were no greater than the changes ob-
served in wait-list control subjects. Finally, as already re-
viewed, Teri et al. (1997) found caregiver depression de-
creased with a patient-focused depression treatment
program.

There are data showing that caregivers can benefit
from brief interventions when the treatment focus is on
some specific element of skills training. For example,
McCurry et al. (1998) taught caregivers of patients with de-
mentia with sleep disturbance a combination of behavioral
strategies to improve sleep (sleep hygiene, stimulus con-
trol, and sleep compression) and provided education about
caregiving resources and management of patient behavior
problems. Caregivers who received individual or group
treatment (n = 21) had significant improvements in self-re-
ported quality of sleep after treatment discontinuation and
at 3-month follow-up compared with wait-list control sub-
jects (n = 15), but there were no reported improvements in
caregiver depression or burden ratings or in patient behav-
ior as a result of the intervention.

Scharlach (1987) examined whether the relationship
between adult daughters and their elderly widowed moth-
ers could be improved while the mothers were still func-
tioning independently. Daughters were assigned to either a
cognitive-behavioral intervention, which focused on re-
ducing unrealistic feelings of responsibility, or a support-
ive-educational intervention, in which daughters were en-
couraged to become more aware of their mothers’ needs.
Daughters who attended the cognitive-behavioral seminar
had greater reductions in feelings of burden than did con-
trol subjects or attendees of the supportive-educational
seminar. Further, subjects assigned to a cognitive-
behavioral intervention reported subjectively greater im-
provements in their relationships with their mothers, and
the mothers reported significantly less loneliness, after the
intervention than did subjects in the other two groups. The
results of this study introduce the possibility that
psychosocial interventions may serve a preventive function
in individuals who are likely to become future caregivers.

A fewer number of controlled trials have been pa-
tient-focused interventions that examined the effective-
ness of caregiver training programs on the behavior and
care outcomes of patients with dementia. In an early study,
Schmidt et al. (1988) randomized 20 caregivers to two
treatment strategies (problem-solving therapy only and
problem-solving therapy plus emotional expression
group); there was no control group. After 4 weeks, no sig-
nificant reductions in caregiver life satisfaction, burden, or
psychiatric symptomatology were noted for either treat-
ment. However, caregivers who received the combination
treatment reported reduction of conflict with their rela-
tives and greater patient trust and submission to caregiver
requests compared with caregivers who underwent prob-
lem-solving therapy only. Robinson and Yates (1994) ran-
domized 33 caregivers to one of three treatments: social
skills development, behavioral management skills develop-
ment, or no treatment. Caregivers were offered the option
of completing a second (alternative) training after the ini-
tial 6-week intervention. At posttest, no significant differ-
ences were reported for any groups in caregiver ratings of
burden or attitudes toward asking for help (including using
senior day programs). Patient behavior problems were
rated, although no information about method of assess-
ment or outcome was provided in the report; caregivers
who completed a second training (n = 6) had significantly
lower levels of objective burden compared with control
subjects, which suggests that some reduction in patient be-
havior problems occurred.

Recent studies have suggested that significant treat-
ment effects can be achieved when spousal caregivers are
offered more intensive or focused programs of education,
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individual and family counseling, or ongoing therapeutic
support. For example, as reviewed earlier, Teri et al. (1997)
found that both outpatients with Alzheimer’s disease and
their family caregivers experienced significant reductions
in depression after completion of a 9-week behavior ther-
apy (focusing on increasing the number of pleasant events
or on problem solving) caregiver training program.
Mittelman et al. (1993, 1995, 1996) randomly assigned 206
spousal caregivers of patients with Alzheimer’s disease to
either active treatment or normal care. Caregivers in active
treatment received six initial (two individual and four fam-
ily) psychoeducational sessions over a 4-month period.
Caregivers were given information about basic communi-
cation, behavior management, and community resources
and received a range of emotional and physical support. At
the end of the 4 months, caregivers were required to join a
support group that met weekly and would continue to meet
indefinitely. In addition, caregivers had access to family
counselors who were available at any time (including eve-
nings and weekends) for support and assistance. The me-
dian time from baseline to nursing home placement was al-
most 1 year (329 days) longer for spouses of participants in
active treatment than for spouses of control subjects, and
treatment had the greatest effect when the impaired spouse
had mild or moderate dementia.

Regardless of whether the caregiver or the patient is
the focus of treatment, a variety of factors may influence
treatment effects in caregiver intervention studies. Tose-
land and colleagues compared the effectiveness of peer-led
versus professional-led “action-oriented” support groups
for caregivers (Toseland et al. 1989), peer-led versus pro-
fessional-led individual counseling (Toseland et al. 1990),
and group versus individual therapy (regardless of type of
leadership) (Toseland and Smith 1990). Significant im-
provements on measures of well-being and social support
and decreases in psychiatric symptoms occurred as a result
of both the peer-led and professional-led interventions, re-
gardless of whether caregivers were seen in an individual or
group context. However, greater reductions in psychiatric
symptoms tended to be associated with individual and
professional-led treatment, whereas greater increases in
social support were noted with the group and peer-led
interventions.

Caregiver relationship to patient may also influence
treatment outcome. Montgomery and Borgatta (1989) as-
signed 541 families caring for impaired elderly individuals
to either no treatment or one of five supportive programs
with various combinations of education, respite, and family
consultation services. After 1 year, they found that adult
children caregivers in any of the active treatment groups
were less likely than control subjects to have institutional-

ized their impaired parents, whereas spouses in active
treatment groups (except for those with access to a family
consultant only) were more likely to have done so.

In summary, the empirical literature on psychosocial
interventions with caregivers is growing. There is evidence
that brief psychosocial interventions can lead to increased
caregiver knowledge, social support, feelings of well-
being, patient behavior change, and delays in patient
institutionalization. However, treatment effects tend to be
modest and inconsistent across studies. There is some
evidence that interventions that target specific caregiver
problems (e.g., depression or sleep disturbance) may be
more likely to have measurable effects, but there have been
few studies in which caregiver outcome goals were nar-
rowly defined. Unfortunately, follow-up data are still not
always obtained in many caregiver studies, treatment tends
to be brief, outcome measures are often poorly tied to in-
tervention hypotheses, and study samples are typically
small. Given the design limitations in many caregiver stud-
ies, the positive findings that have been reported are im-
pressive and support the need for continued research with
caregiver populations.

Psychotherapy and Elderly Patients
in Long-Term Care Settings

A move into a long-term care setting can be difficult, or
even traumatic, for many older adults. Consequently, there
is growing interest in the use of psychosocial interventions
to help ease some of the acute adjustment problems associ-
ated with long-term residential care. The interventions
most commonly used with nursing home residents
(Burckhardt 1987; Gugel 1989; Karuza and Katz 1991), the
importance of outcome instrument selection in long-term
care settings (Rabins et al. 1987), and unique design and ad-
ministrative issues that affect treatment outcome research
(Radebaugh et al. 1996; Rapp et al. 1994; Weiss 1994) have
been identified in reviews. As noted at the beginning of this
chapter, there are also growing numbers of institutional
training programs geared toward teaching staff to manage
specific patient behavior problems or improve independ-
ence in activities of daily living (Baltes et al. 1994; Blair
1995; Heacock et al. 1997; Lantz et al. 1997). Surprisingly,
however, there are few studies that have examined the
impact of psychotherapy on patients’ psychological
well-being and adjustment to nursing home life (Table
36–6).

Dhooper et al. (1993) conducted a pilot project with 16
depressed, cognitively intact nursing home residents. Sub-
jects were randomly assigned to either an active treatment
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TABLE 36–6. Empirical studies with older adults in long-term care

Study Subjects Subject age (years) Treatment Treatment duration
Power and McCarron 1975 30 NH residents with

depression
Mean, 84 (range, 70–98) Individual interactive contact (including

physical touching and socialization)
No treatment (control)

15 sessions

Langer and Rodin 1976 91 NH residents Range, 65–90 Resident responsibility-induced group
Staff conduct (control)

1 session

Schulz 1976 42 NH residents Mean, 82 (range, 67–96) Scheduled visits (visit times chosen by subjects)
Scheduled visits (visit times not chosen

by subjects)
Nonscheduled random visits
No visits (control)

2 months

Berger and Rose 1977 25 NH residents Mean, 77 (range, 48–97) Individual interpersonal skills training
Individual discussion (control)
Assessment only (control)

3 sessions

Lindell 1978

Langer et al. 1979

39 NH residents

54 NH residents

Mean, 81–82
(all subjects > 65)

Mean, 79–80

Supportive group therapy

Group discussion (control)
Individual visit (high self-disclosure)

Therapy: 16 sessions in 8
weeks

Control: 3 sessions in 8 weeks
4 sessions in 6 weeks

Individual visit (low self-disclosure)
No treatment (control)
Pretest only (control)

Dye and Erber 1981 52 new NH residents Mean, 80 Resident-only group
Resident-family group
No treatment (control)

7 sessions

Hanley et al. 1981 57 NH residents Mean, 80 Group reality orientation
Group reality orientation plus ward orientation
No treatment (control)

4 sessions/week for 12 weeks

Hussian and Lawrence 1981 36 NH residents with
depression

Mean, 74 (all
subjects > 60)

Social reinforcement for activity
Individual problem solving
Wait list (control)
Social reinforcement and problem solving
Problem solving plus social reinforcement
Education (control)

10 sessions in 2 weeks

(continued)



group (9 weeks of participation in a “Coping Together
Group,” which included cognitive-behavioral and remi-
niscence treatment components) or an unspecified control
(presumably no treatment) group. Subjects in the active
treatment group reported significantly lower post-
treatment levels of depression (as rated using the Zung
Self-Rating Depression Scale) than did control subjects, al-
though the fact that the study involved small numbers of
subjects, no contact control, and apparently nonblinded
raters may have influenced treatment outcome. No fol-
low-up data were included in the report.

Dye and Erber (1981) described a program in which 52
new residents participated in support groups (with or with-
out family members) to discuss the events that led to their
move, any problems encountered during the admission
process, and problem-solving strategies for coping with in-
stitutional life. Patients who participated in the resi-
dent-only group had lower levels of anxiety and higher in-
ternal locus of control scores than did either control
subjects or patients who participated in the resident-family
group. However, at 6-month follow-up, participants in the
resident-only group were significantly more agitated and
had lower health self-rating scores than did participants in
the family-resident group and control subjects.

In other studies examining residents’ adjustment to
institutionalization, problems in generalization and
long-term maintenance of treatment effects have been re-
ported. Lindell (1978) reported positive changes in
self-concept in long-term residential center and nursing
home patients who participated in nondirective support
groups; however, changes were maintained only in those
subjects who continued to meet with their group regularly
after the formal research study ended. Hussian and Law-
rence (1981) found that depressed nursing home residents
initially showed improvements in mood as a result of sys-
tematic increases in daily activity or training in prob-
lem-solving skills. However, after 2 weeks, only those sub-
jects who both increased their daily activity and learned
new problem-solving strategies continued to show im-
proved mood. At 3-month follow-up, no gains were main-
tained. Thus, although support at the time of transition
into a nursing home appears to enhance patients’ immedi-
ate functioning, this improvement may not be sustained
unless other factors are developed to maintain it.

Interpersonal factors have been shown to be particu-
larly influential in patients’ psychosocial functioning in
long-term settings. For example, Power and McCarron
(1975) found that increasing depressed geriatric patients’
physical contact with staff, their verbal conversation, and
their social interaction with peers led to reductions in
self-reported and observed depression in the patients. Sim-
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ilarly, Moran and Gatz (1987) found that nursing home res-
idents who participated in an interpersonal task group
(which developed a welcoming project for incoming resi-
dents) showed significant improvements in feelings of
self-control and increases in scores of life satisfaction.
Berger and Rose (1977) found that interpersonal skills
could be effectively taught to nursing home residents, al-
though in their study, learned skills were not subsequently
used in novel, unpracticed situations. Thus, although in-
creases in quantity and quality of interpersonal contacts
may enhance patients’ adjustment and functioning in
long-term care facilities, it may be necessary for staff to
provide ongoing opportunities and assistance if these im-
provements are to be maintained.

Other studies have suggested that sustained, successful
coping in long-term care settings is affected by residents’
perception of their autonomy and situational control
(Langer and Rodin 1976; Schulz 1976) and that social in-
teraction may be associated with improvements in their
immediate memory, alertness, and self-initiation (Langer
et al. 1979). Rosen et al. (1997) found that depressed nurs-
ing home residents randomly assigned to a control-rele-
vant intervention (in which they were helped to establish an
individualized leisure activity program) were more likely to
show significant decreases in HDRS scores and to be
judged as treatment “responders” by nursing staff than
were subjects in a wait-list control group. Responders also
showed significant improvements in ratings of community
“cohesiveness” or supportiveness after treatment. How-
ever, improvements were not maintained once the 8-week
intervention was discontinued. Further, the investigators
had unexpected problems with recruitment and compli-
ance. Nevertheless, the study provides evidence that inter-
ventions designed to empower nursing home residents and
to help them reestablish patterns of positive social or recre-
ational activity may be highly effective in ameliorating
chronic depression in residential care settings.

In summary, there have been relatively few empirical
studies on the use of psychotherapeutic interventions in el-
derly patients in long-term care settings. A number of
those studies are more than 20 years old, and the fact that
there are few recent studies is surprising, given the growing
number of older adults who are unable to remain inde-
pendent in their own homes. The existing studies often had
small samples and problematic research designs. Never-
theless, the findings do suggest that treatment can improve
patient self-concept, reduce depression, and enhance so-
cial interaction, although changes may not be well main-
tained without ongoing therapeutic support. Additional
research in this area is clearly needed.

Other Psychotherapeutic
Interventions

In the remaining empirical studies of psychotherapy in
older adults, a variety of intervention techniques were used
to modify depression, anxiety, and other symptoms of emo-
tional distress (Table 36–7). In several studies, medita-
tion-relaxation and cognitive-change techniques were
used, and although samples were small, consistent trends
were observed. DeBerry (1982) found that 10 weeks of
meditation-relaxation training was effective in reducing
the number of self-reports of state and trait anxiety, but not
depression, in a group of depressed elderly women. Sub-
jects who were assigned continued posttreatment practice
with relaxation tapes maintained improvements, whereas
state anxiety scores of those who did not practice showed a
drift back toward baseline. In a subsequent comparison of
meditation-relaxation and cognitive restructuring
(DeBerry et al. 1989), the investigators reported significant
reductions in state anxiety but not trait anxiety or depres-
sion in subjects trained in meditation-relaxation; how-
ever, cognitive restructuring produced no significant
changes in either depression or anxiety (state or trait).
Scogin et al. (1992) offered training in either progressive
relaxation or imaginal relaxation techniques to elderly
patients with symptoms of tension or anxiety that were at
a “subjectively uncomfortable level.” Subjects in both
treatment groups showed significantly greater improve-
ments in state anxiety and psychiatric symptomatology
(as measured by the Symptom Checklist—90) than did
delayed-treatment control subjects, although improve-
ments were not maintained at 1-month follow-up. Inter-
estingly, Alexander et al. (1989) found that both medita-
tion and mindfulness (focused attention) training
resulted in improvements in cognitive functioning,
blood pressure readings, and 3-year survival rates, de-
spite the fact that no changes in anxiety or depression
were associated with either intervention.

In some studies, the focus has been on providing skills
training to elderly patients with depression. Participation
in assertiveness training has been shown to improve effec-
tiveness in interpersonal situations, as well as ratings of
self-acceptance (Franzke 1987). Reich and Zautra (1989)
found that four sessions of individual therapy, designed to
enhance perceived control, significantly increased partici-
pation in positive activities by bereaved and disabled el-
derly subjects and decreased psychological distress as well.
However, these improvements were not maintained after
the treatment was discontinued.

Other studies have examined the impact of therapy on
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TABLE 36–7. Empirical studies (miscellaneous) with older adults

Study Subjects Subject age (years) Treatment Treatment duration
Nevruz and Hrushka 1969 36 psychiatric inpatients Mean, 70 Structured therapy group

Unstructured therapy group
24 sessions in 12 weeks

Mulligan and Bennett 1977 23 isolated outpatients Mean, 77 (all
subjects > 67)

Social visits (subjects at home)
Visit at beginning and end of study (control)

1 hour every 2 weeks for 6 months

Zarit et al. 1981 47 female volunteers Mean, 64 Memory-training group
Personal growth group

7 sessions in 4 weeks

DeBerry 1982 36 women with depression Mean, 63–79 Relaxation-meditation group
Relaxation-meditation group and follow-up

tapes
Pseudorelaxation group (control)

10 weeks (plus 10 weeks of daily
practice for subjects assigned to
relaxation-meditation group and
follow-up tapes)

Lieberman and Bliwise 1985 108 outpatients Range, 60–83 Professional-led support group
Peer-led support group

36 sessions in 9 months

Franzke 1987 84 community-dwelling
subjects

All subjects > 65 Assertiveness training groups
No treatment (control)

6 weeks

Ong et al. 1987 20 discharged inpatients
(most in day hospital
program)

Mean, 74 Support group (psychodynamic and
problem solving

No added treatment (control)

Weekly sessions for 9 months

Alexander et al. 1989 73 NH residents Mean, 81 Transcendental meditation
Mindfulness training
Mental relaxation
No treatment (control)

12 weeks

DeBerry et al. 1989 32 outpatients Mean, 69 (range,
65–75)

Relaxation-meditation group
Cognitive-restructuring group
Pseudorelaxation group (control)

20 sessions in 10 weeks

Reich and Zautra 1989 25 bereaved, 25 functionally
disabled, and 58 matched
control subjects

Mean, 71 Perceived-control intervention

Placebo contact

No contact (control)

4 sessions in 10 weeks

Viney et al. 1989 30 outpatients with
“psychological problems”

Mean, 75 Brief personal construct individual therapy
No treatment (control)
Criterion group (single contact) (control)

5–13 sessions in 24 weeks



subjects’ long-term functioning. For example, isolated
community-dwelling elderly people who received regular
“social visits” in their home for 6 months were more likely
to be living independently in the community at 6-month
follow-up than were control subjects (Mulligan and
Bennett 1977). Geriatric psychiatric patients who partici-
pated in weekly psychodynamic problem-solving groups
for 9 months had a lower rehospitalization rate, despite the
fact that no changes in depressive symptoms were observed
in participants (Ong et al. 1987). Therapy has even been
shown to influence geriatric psychiatric patients’ willing-
ness to leave state hospital wards and try community place-
ment options (Nevruz and Hrushka 1969).

In summary, a variety of nonspecific psychosocial in-
terventions have been used in geriatric subjects. Although a
few studies have included psychiatric inpatients, the major-
ity have been conducted with outpatient volunteers. These
studies have shown that different combinations of relax-
ation, cognitive restructuring, emotional support, and
skills training can improve self-ratings of depression, anxi-
ety, and self-acceptance. There is also evidence that psy-
chosocial interventions lead to improvements in long-term
survival rates and reduced rates of rehospitalization for
chronically ill psychiatric patients. However, long-term
maintenance of improvements in mood or generalization
of newly learned skills has not been consistently reported
after therapy discontinuation.

Summary and Future
Research Directions

Several conclusions can be drawn from the existing litera-
ture on the efficacy of psychosocial interventions in older
adults. First, a variety of interventions have been studied in
physically healthy, community-dwelling older adults.
Cognitive-behavioral strategies have been the subject of
most empirical research, although psychodynamic, remi-
niscence, and various supportive techniques have also been
studied in this population. Each treatment has been found
effective in decreasing depression, and a few studies have
shown this treatment effectiveness to be equal or superior
to the effectiveness of pharmacotherapeutic interventions.
There is some evidence that improvements resulting from
CBT are better maintained at follow-up than those from
the other treatment forms, but there are too few long-term
outcome comparison studies to evaluate the strength of
these findings.

Although research is less plentiful, there is also empiri-
cal evidence for the efficacy of CBT and its variants in pa-
tients with medical illnesses and dementia, elderly care-
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givers, and residents of long-term care institutions. A
few studies have found that psychodynamic therapy,
reminiscence and life review activities, and supportive
interventions can also reduce negative mood and im-
prove life satisfaction and self-esteem in disabled or in-
stitutionalized older adults and their caregivers. In some
cases, long-term improvements (e.g., improved rates of
rehospitalization or delayed nursing home placement)
were reported even in the absence of reductions in acute
depression ratings.

A variety of factors may contribute to differing treat-
ment effects across studies. These factors include patient
variables, such as presence or absence of premorbid per-
sonality disorders, severity of symptoms at the onset of
treatment, cognitive capacity, and patient feelings of
commitment to treatment or expectation of change.
Specific treatment variables have also been implicated in
differing outcomes. For example, structured life review
strategies may be more effective than simple reminis-
cence, participation of family members may enhance
treatment impact, and treatment with professional ther-
apists may produce greater reductions in psychiatric
symptoms than peer-led interventions. In therapy with
patients in long-term settings, and in outpatient therapy
with caregivers, maintenance of therapeutic gains ap-
pears contingent on ongoing, or at least periodic, ther-
apy. Both group and individual therapies have been suc-
cessful in older patients.

Although the empirical treatment literature has grown
substantially over the past several years, additional re-
search is needed concerning the efficacy of psychosocial in-
terventions in elderly patients. Psychosocial interventions
based solely on treatments used in uncontrolled case stud-
ies and treatments described in anecdotal reports are still
widely used with older adults. The interventions in con-
trolled studies that have been conducted represent a mix-
ture of cognitive-behavioral, psychodynamic, relaxation,
supportive counseling, and educational techniques. There
are, as yet, no data to indicate which components of partic-
ular interventions are efficacious in improving psychologi-
cal, physical, or social functioning. Although increasing
numbers of studies (particularly those focused on depres-
sion treatment) now have treatment manuals available,
many interventions used with older adults are not
manualized or adequately described, making replication or
comparison across studies difficult. In these cases, more
rigorous treatment definition is needed. There is little em-
pirical research on the impact of therapist or environmen-
tal variables on therapy outcome. The cultural, intra-
personal, familial, and health factors that are likely to have
an impact on treatment efficacy must be systematically in-

vestigated. The intervention literature has tended to focus
primarily on the management of pathological cognitive or
emotional disorders. The challenges of normal aging de-
serve attention, as well.

Additional research is needed to determine how long
interventions should be continued for maximal treatment
impact and to establish strategies for generalization and
maintenance once the active treatment phase ends. In the
studies reported here, therapy duration ranged from a sin-
gle session or a few sessions to months or years; in some
studies, subjects were exposed to different numbers of ses-
sions over variable lengths of time. Clarifying the signifi-
cance of this variable may be particularly important for
older adults with chronic physical conditions or social cir-
cumstances that have precipitated psychosocial interven-
tion. Because therapy outcome is dependent on how psy-
chosocial functioning is defined and measured, research is
also needed to identify assessment instruments with good
reliability and validity that are sensitive to expected
changes and appropriate for use with various elderly popu-
lations and in specialized contexts.

Given the growing number of older adults who are
medically ill and living in long-term care settings, it is sur-
prising that there are so few controlled studies examining
the psychosocial impact of physical disability and ins-
titutionalization on geriatric patients. Additional studies of
treatment effectiveness in persons with multiple medical,
psychiatric, and social disabilities are needed. The use of
single-case research design strategies may allow investiga-
tors to gather useful information on small numbers of such
individuals with little disruption to medical or residential
facilities. Validity of results could be maximized by apply-
ing such design strategies to multiple settings and using a
broad range of reliable assessment instruments. Single-
case research design strategies may also permit evaluation
of the conjoint impact of pharmacological and psycho-
social interventions on functioning in a range of elderly
populations.

In summary, although more research is needed, the ex-
isting data available on psychosocial interventions in older
adults are surprisingly encouraging. A variety of behavioral
and supportive interventions have produced improve-
ments in psychological functioning in physically healthy,
depressed older subjects, as well as in institutionalized or
medically ill geriatric patients and their caregivers. Gains
from psychological interventions are often comparable to
gains from medical treatments. Efforts now need to be
made to clarify which strategies are most efficacious for
which patient groups and to develop effective new inter-
ventions for elderly patients in both outpatient and inpa-
tient settings.
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37
Neuropsychiatry in

Nursing Homes

Barry W. Rovner, M.D.

Ira R. Katz, M.D.

Constantine G. Lyketsos, M.D., M.H.S.

Existing research demonstrates that nurs-
ing homes are the modern mental insti-

tutions for elderly people in the United States. Unfortu-
nately, training of nursing home staff and physicians,
processes of care, and the recognition and treatment of
mental disorders do not reflect the current level of scien-
tific knowledge in psychiatry (Rovner and Katz 1992).
Consequently, the nursing home represents one of the
greatest challenges in clinical geriatric neuroscience. Al-
though it is important to recognize the promise of basic
and clinical research for developing treatments that may
prevent or cure Alzheimer’s disease, it is also necessary to
apply scientific knowledge about the relationships be-
tween brain disease and behavior to develop strategies for
caring for patients with dementia on a day-to-day basis.

Although the prevalence of nursing home residency
for those over 65 is approximately 5%, 20%–50% of peo-
ple over 65 will live in nursing homes at some point before

death (German et al. 1992). The cost of their care is
enormous:

In 1989 the total cost of nursing home care was $47.9 bil-
lion, or 8% of all health care expenditures. This was a 12%
increase from the year before, and exceeded the 9% aver-
age increase observed for the 1980s overall. The bulk
(64%) of nursing home expenditures are financed by pub-
lic programs, either directly through Medicaid (43%) or
Medicare (about 3%), or indirectly from transfer pay-
ments (i.e., the Medicaid mandated contributions from the
resident’s social security income; 18%). Given the pro-
jected considerable increase in the number and proportion
of older Americans, the use of and expense associated with
nursing homes has become an issue of considerable na-
tional concern. (Wolinsky et al. 1992, p. 173)

The extent of this concern became evident in a study of
projected nursing home costs. Kemper et al. (1991) esti-
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mated that it will cost $60 billion to pay for future nursing
home care for Americans who turned 65 in 1990. This pro-
jection is based on data that indicate that 43% of this cohort
will enter a nursing home during their lives and will spend
an average of 2.8 years there.

Recognizing that the dementia syndrome, so prevalent
in this population, is the expression of a brain disease and
not the consequence of normal aging has been a major ad-
vance, a concept only relatively recently accepted by the
nursing home industry and the governmental agencies that
regulate it. Gradually, making the diagnosis of dementia
(when appropriate) in nursing homes has become an ac-
ceptable, indeed a required, practice (e.g., note the
PASARR [preadmission screening and annual resident re-
view] regulations of the Omnibus Budget Reconciliation
Act of 1987). However, recognizing dementia syndromes
as brain diseases has led to a denial, of sorts, of the non-
cognitive behavioral aspects of these disorders, such as de-
pression, delusions, hallucinations, and states of agitation.
Although supervision and provision of assistance in activi-
ties of daily living are essential components of care for pa-
tients with dementia in nursing homes, these noncognitive
psychiatric symptoms frequently accompany the dementia
syndrome and determine both the patients’ needs for care
and the quality of care they receive.

History

The modern nursing home can trace its origins to the alms-
houses and mental institutions of the nineteenth century,
which, transformed incrementally by public policies, have
come to resemble hospital facilities. As such, these once de-
rided places have gained respectability through their iden-
tification with more credible medical institutions. Along
with that credibility has come the expectation that patients
would be cared for using the expertise, knowledge, and
technology characteristic of the best hospitals. The poli-
cies, procedures, and staffing patterns of most nursing
homes are in fact based on this model:

Indeed, nursing homes appear, at first glance, like a pa-
tient-care floor in a general hospital. As in a hospital, the
center of activity, and often the physical center of the floor,
is a nursing home station. A high-fronted desk, wide
enough to permit 2 or 3 people to sit at it, looks out onto
the corridor. Behind it and to the sides are books and man-
uals, miscellaneous supplies, racks filled with patients’
charts, lockable medicine cabinets, and perhaps doors to a
supply room and a staff bathroom or lounge. Not infre-
quently, diplomas or state licenses hang on the wall behind
the nursing station, along with other official-looking doc-
uments, all neatly framed. (Vladeck 1980, p. 7)

Like patients in hospitals, most patients in nursing
homes have medical disorders such as high blood pressure,
stroke, heart disease, arthritis, or diabetes (Johnson and
Grant 1985). They are cared for by nurses and seen by phy-
sicians, and they receive medications. The patients are ex-
pected more or less to lie in bed passively and receive the
care given by the nursing staff.

The reality of the nursing home, however, is not re-
flected by the sterility of the medical model. Patients have
been moved from sickbeds to Gerichairs, and the nursing
home now echoes the bedlam of the psychiatric hospital in
the era before the development of specific treatments:

The characteristic picture is that of a dozen residents ar-
rayed in front of a television or sitting in a hall, each staring
ahead. If anyone is talking, it is mostly to herself. (Vladeck
1980, p. 26)

Epidemiology

The change in the kinds of patients cared for in nursing
homes over the past 20 years is related to the aging of the
population and the increasing prevalence of dementing
conditions. Patients with these conditions, unlike their pri-
marily medically ill counterparts, are in need of medical at-
tention as a result of their mental, rather than their physi-
cal, symptoms. These changes are evident in successive
nursing home surveys. The 1977 National Nursing Home
Survey indicated that approximately 57% of patients had
“chronic brain syndrome” or “senility” (National Center
for Health Statistics 1979). By 1985, these conditions were
diagnosed in 63% (National Center for Health Statistics
1987).

The Medical Expenditure Panel Survey indicated that,
in 1996, 1.6 million persons resided in 16,800 nursing
homes and approximately 70%–80% of these residents had
dementia (Krauss et al. 1997). However, because only
2,100 nursing homes (12.5%) had dementia special care
units, the majority of residents with dementia received
general custodial care. In addition, the prevalence of be-
havior disorders among residents with dementia is high. In
the 1987 National Medical Expenditure Survey, the char-
acteristics of a national nursing home sample were exam-
ined and 11 behavior problems were grouped into four cat-
egories: wandering or safety problems, aggressive
behaviors, collecting behaviors, and delusions or halluci-
nations (Jackson et al. 1997). Predictors of these behaviors
included male gender, more severe cognitive impairment,
dependence in activities of daily living, incontinence, psy-
chiatric history, receptive communication deficits, and im-
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paired walking and vision. This finding suggests that bio-
logical, psychological, and sociocultural factors all
contribute to the development of behavior problems.
However, nursing homes are ill equipped to treat these
problems effectively.

Treatment of mental disorders in nursing homes is im-
peded by a variety of obstacles, including a shortage of spe-
cialized mental health professionals, lack of knowledge and
training among nursing staff, lack of adequate payment for
mental health care, and difficulty obtaining psychiatric
services.

McGrew (1998) noted that although the traditional
United States health care system distinguishes between
physical and mental health, such a distinction is not made
in nursing homes. Further, dementia, for some reason, has
been segregated from other mental disorders in nursing
homes. Overcoming the barriers that emerge as a conse-
quence will require the cooperation and collaboration of
nursing homes, local service providers, states, and the fed-
eral government.

Fragmentation of funding also accounts for limita-
tions in mental health care for residents with dementia. Al-
though the nursing home industry is generally a private en-
terprise, the public sector, largely through Medicare and
Medicaid, contributes approximately half of the costs,
roughly $40 billion annually. However, both the federal
government and the states attempt to shift the cost of men-
tal health care to the other. The best example of this cost
shifting is the process known as transinstitutionalization, the
movement of state-hospitalized psychiatric patients to fed-
erally supported nursing homes.

National survey findings indicating an increased prev-
alence of dementia are based on nonclinician reviews of
records and interviews with staff rather than on findings
obtained by psychiatrists during direct examination of pa-
tients. The former methods cannot reveal whether psychi-
atric or behavior disorders are the cause or consequence of
institutionalization. Thus, until relatively recently, no
studies had been carried out on the prevalence of mental
disorders among new residents of nursing homes, studies
in which psychiatrists examined large, systematically ascer-
tained samples and made diagnoses using modern diagnos-
tic criteria. In 1987–1989, as part of a National Institute of
Aging Study, we (Rovner et al. 1990a) evaluated 454 resi-
dents newly admitted to a total of eight Baltimore area pro-
prietary nursing homes. The overall objective was to ana-
lyze mental morbidity among nursing home residents,
establish its magnitude and type, and assess its influence on
quality of life.

The following list shows the prevalence of psychiatric
disorders divided into four mutually exclusive diagnostic

groups on the basis of presence and type of psycho-
pathology:

1. Dementia complicated: Patients with dementing disor-
ders complicated by depression, delusions, or delir-
ium (n = 123, 27.1% of the entire sample; 40.2% of
all patients with dementia)

2. Dementia only: Dementia patients without delusions,
depression, or delirium (n = 183, 40.3% of the entire
sample)

3. Other psychiatric disorders: Patients without dementia
but with affective disorders or schizophrenia (n = 58,
12.8% of the entire sample)

4. No psychiatric disorder: Residents without any disor-
der (n = 90, 19.8% of the entire sample)

Overall, 364 new residents (80.2%) were considered
by the examining research psychiatrists to have psychiatric
disorders. The most common diagnosis was dementia
(n = 306, 67.4%). Primary degenerative dementia of the
Alzheimer’s type was the most frequent cause of dementia
(n = 172, 37.9% of the entire sample), followed by
multi-infarct dementia (n = 81, 17.8% of the entire sam-
ple). Other dementia syndromes or causes of dementia in-
cluded the dementia syndrome of depression, Parkinson’s
disease, and brain tumor. Of the patients without dementia
(n = 148, 32.6%), 58 (12.8% of the entire sample) had psy-
chiatric disorders such as affective disorder (n = 47, 10.4%
of the entire sample; 31.8% of those without dementia) or
schizophrenia (n = 11, 2.4% of the total; 7.4% of those
without dementia).

In 1994–1996, a separate study was conducted to assess
the morbidity of nursing home patients with dementia
(Tariot et al. 1993). This study involved 187 consecutive
patients admitted to Copper Ridge, a model nursing home
program for patients with memory disorders and demen-
tia, affiliated with the Johns Hopkins Neuropsychiatry and
Memory Group. Sixty percent of the new residents had
Alzheimer’s disease, 16% had dementia due to cerebro-
vascular disease, and the remainder had dementia due to
other causes, including mixed Alzheimer’s and cerebro-
vascular disease, Parkinson’s disease, alcohol-related de-
mentia, and anoxic dementia. The average Mini-Mental
State Exam score was 9. Patients also had high rates of
noncognitive psychiatric disorders, including delusions
(40%), major depression (21%), sleep disorder (36%), and
hallucinations (15%). In addition, 40% of patients had
been physically aggressive and 49% had wandered in the
2 weeks before admission. Ninety-two percent had at least
one of the aforementioned disturbances.

There was also considerable medical comorbidity; pa-
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tients had a median of five medical disorders. The most
common were hypertension, diabetes, heart disease,
stroke, eye conditions, and dental problems. Impairment
of general health was rated using the Hopkins General
Medical Health Rating (Lyketsos et al. 1997). General
health was excellent in 12%, good in 42%, fair in 38%, and
poor in 8%. It can be concluded, therefore, that on admis-
sion to a nursing home, patients with dementia exhibit a
substantial degree of medical and psychopathological mor-
bidity in addition to dementia.

These 187 patients were followed for 2 years. There
were 47 deaths (mean survival time, 38 months). Cognition
steadily declined, with the Mini-Mental State Exam score
reaching an average of 5. Rates of behavioral disturbance
remained high throughout the 2-year period. Physical ag-
gression was not infrequent: there was a mean of 1.6 inci-
dents per 1,000 resident days. Aggression was most likely to
occur on day or evening shifts rather than at night. There
was no significant variation in rates of aggression over time,
across seasons, or over lunar cycles. Rates of aggression
also were not related to resident density nor to the number
of recently admitted patients. Therefore, it may be said that
dementia patients being admitted to nursing homes exhibit
substantially high rates of behavioral disturbance over
time, resulting in great demands on staff and other provid-
ers of care. These high rates also make necessary an on-site
expert psychiatric team to evaluate and treat such distur-
bances.

We (Katz et al. 1990) reported that the prevalence of
major depression in nursing homes was 20% in 1989 and
stated that major depression was treatable, even though it
was associated with medical disorders that complicated di-
agnosis and treatment (Parmelee et al. 1989).

In 1991, we (Parmelee et al. 1991) showed that pain
was associated with depression in nursing home patients,
particularly when a physical problem was present that was a
potential source of pain. We hypothesized that either pain
causes depression or depression intensifies pain. In 1992,
we (Parmelee et al. 1992a) reported an increased mortality
rate among nursing home residents with major depression,
the increase apparently due to the fact that ill health tends
to accompany major depression. In contrast, studying a dif-
ferent sample of nursing home patients and using different
methods to control for medical illness, we (Rovner et al.
1991) found that depression was an independent risk factor
for mortality over and above severity of medical illness.
Depression increased the risk of death in depressed pa-
tients by 59%. In 1992, we (Parmelee et al. 1992b) found a
6.6% incidence of major depression over 1 year among
nursing home residents and reported that 40% of patients
who were depressed at the time of initial evaluation showed

no remission after 1 year.
As high as they are, the rates of diagnosable psychiatric

disorders may in fact not reflect the magnitude of the neu-
ropsychiatric problems present in nursing homes. In addi-
tion to those patients with major depressive disorder, there
are substantial numbers of individuals with less severe but
nonetheless clinically significant depressive symptoms,
and still others with a persistently flat or blunted affect
(Lawton et al. 1996). Moreover, in addition to the large
numbers of patients with dementia, there may be others
whose more focal deficits in executive functions due to ag-
ing (see Chapters 7 and 8 in this volume) or structural brain
disease may have contributed to an inability to cope with
medical illnesses and function in the community (Royall et
al. 1993). Thus, the prevalence and range of nursing home
residents with psychiatric disorders requires incorporating
basic neuropsychiatric and mental health principles into
the design of the care environment.

The Nursing Home Environment

In spite of these epidemiological and clinical realities, nurs-
ing homes continue to model themselves after general
rather than neuropsychiatric hospitals. The medical staffs
consist primarily of internists, family practitioners, or gen-
eral practitioners, and the nursing staff consists primarily
of individuals trained in medical-surgical nursing. Because
neither the training of the nursing or medical staffs nor
their approaches to care have changed to match the
changes in the population, the original conceptualization
of nursing homes as diminutive hospitals is no longer appli-
cable. Furthermore, the fact that the majority of nursing
home patients have conditions known to be associated with
states of psychopathology including delirium, depression,
delusions, and hallucinations and behavior disorders such
as agitation, combativeness, and wandering has added an
unanticipated sense of acuity and disturbance to the envi-
ronment. Overwhelmed, nursing home staff have turned to
restraints and psychotropic medications—often in an in-
discriminate and uninformed way—to manage these psy-
chiatric syndromes and behavior disorders. Ironically,
nursing homes have returned to their origins as mental in-
stitutions in that most patients have mental disorders or
disruptive behaviors that are difficult to manage and these
patients are frequently physically and chemically re-
strained.

The nursing home environment is also notable for
four additional features that have an impact on the treat-
ment of neuropsychiatric disorders: extensive regulatory
oversight by federal and state agencies, limited research
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into treatment, high rates of incapacity to consent to medi-
cal care, and special care units. Each feature will be dis-
cussed individually here.

Regulatory Oversight

Since the identification of abuses in nursing homes in the
1980s, these facilities have been subject to strict regula-
tions, spelled out in the 1987 Omnibus Budget Reconcilia-
tion Act (OBRA; Omnibus Budget Reconciliation Act of
1987). This legislation has improved identification and
treatment of mental disorders and has made mandatory the
provision of mental health and activity services to resi-
dents. OBRA also raised educational standards for staff and
initiated the gathering of clinical data on-line. However,
some people believe that patient abuse has been defined
very broadly in OBRA and that OBRA has created obsta-
cles to the proper use of psychotropic medications and has
perpetuated a view of psychotropic drugs as chemical re-
straints.

Documentation of specific psychiatric diagnoses and
behavioral indications is now required when a psycho-
tropic medication is prescribed. Garrard et al. (1991) esti-
mated that had these regulations been in effect from 1976
to 1985, 50% of neuroleptic use in almost 9,000 nursing
home residents would have been out of compliance. We
(Rovner et al. 1992) found a 36% reduction in the number
of prescriptions for neuroleptics from the 3 months before
OBRA went into effect until 3 months afterward, but there
was no increase in the number of prescriptions for seda-
tive-hypnotics. The same trends existed 1 year later. Al-
though quality assurance data on the prevalence of medical
events such as bedsores, weight loss, falls with fractures, ad-
verse incidents, urinary tract infections, and death revealed
small but significant changes, the data were difficult to in-
terpret because comparable data from previous years were
unavailable.

Along with the pharmacoepidemiological studies
demonstrating a nationwide downward trend in the use of
psychotropic medications (except for antidepressants),
clinical trials have shown that educational efforts may di-
rectly facilitate reduction of medication use. Meador et al.
(1997) conducted a randomized controlled trial of an edu-
cational program to reduce antipsychotic prescribing for
patients in nursing homes and found that use of anti-
psychotics in the six homes offering the educational pro-
gram decreased from a frequency of 25.3 per 100 days at
baseline to 19.7 per 100 days by month 6, a 23% reduction
relative to control homes (P = .014). This study showed
that focused educational programs may facilitate reduction
of antipsychotic prescribing, above and beyond that attrib-

utable to regulatory changes. However, the durability of
the changed prescribing practices and the degree to which
they increase the quality of life for residents remain uncer-
tain. Other studies have also demonstrated the feasibility of
reducing use of these medications (Avorn et al. 1992).

Limited Research Into Treatment

Before the implementation of OBRA, depression was often
unrecognized and untreated in nursing homes. Heston et
al. (1992) found that of 868 persons with depression, only
10% were treated with antidepressants. More patients re-
ceived neuroleptics and benzodiazepines, but most re-
ceived no treatment at all. Similar findings were obtained
by us (Rovner et al. 1991). Educational efforts to increase
recognition of depression (the efforts being fueled by
awareness of adverse outcomes of depression, such as mor-
tality and disability) and the availability of newer antide-
pressants have led to increased antidepressant treatment.
Lasser and Sunderland (1998) reported that 69% of nurs-
ing home patients referred to a geriatric psychiatry service
were taking at least one psychotropic medication. Al-
though many of these patients were taking benzodiaze-
pines (32%) or antipsychotics (42%), antidepressants were
most commonly prescribed; 61% of patients prescribed
psychotropic medications were taking antidepressants,
and 53% of this subgroup were taking serotonin reuptake
inhibitors.

Llorente et al. (1998) examined the pharmacy records
of 1,573 nursing home residents from the period
1994–1996 and found that 17.7% were receiving anti-
psychotic medications during that time. Seventy-one per-
cent had appropriate diagnostic indications, 90% were re-
ceiving doses within recommended limits, and 90% had
documented, appropriate target symptoms. Lower rates of
use of anticholinergic agents, low doses of tricyclic antide-
pressants, and low rates of tricyclic antidepressant use were
noted in patients with Alzheimer’s disease, findings that re-
flect the fact that anticholinergic medications should be
avoided in such patients, given the cholinergic deficit asso-
ciated with the disease. In addition, all dosages of psy-
chotropic medications were within the ranges given in the
Health Care Financing Administration guidelines. The in-
vestigators concluded that newer-generation psychotrop-
ics have had a substantial impact on the prescribing
practices of primary physicians treating nursing home
residents.

Inappropriate medication use by nursing home resi-
dents is not limited to psychotropic drugs. Beers et al.
(1991) reviewed the literature indicating inappropriate use
of antihypertensives, nonsteroidal anti-inflammatory
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agents, oral hypoglycemics, analgesics, and a variety of
other commonly prescribed medications. They proposed
explicit criteria for inappropriate use of these medications
and also suggested that these criteria might be useful for
quality assurance review and clinical practice guidelines.

Borson and Doane (1997) examined psychotropic
drug use in 39 skilled nursing facilities during the period
1989–1992 and found that the number of prescriptions for
antipsychotics, sedative antihistamines, and sedative-
hypnotics decreased significantly and that the prescribing
of anxiolytics increased. In addition, they noted that the
number of research studies on psychotropic drug use in-
creased after the implementation of OBRA but that few stud-
ies focused on the effectiveness of drug treatment. The inves-
tigators recommended research into treatment outcomes as
the next step to improve the care of this population.

There have been a number of well-designed clinical
trials of treatment for agitated nursing home patients with
dementia (see also Chapter 22 in this volume). Finkel et al.
(1995) found that thiothixene (dose range, 0.25–18 mg)
was significantly more effective than placebo in patients
who were treated for 11 weeks. There were no notable
changes in cognition scores or function. We (Katz et al.
1998) reported the results of a large randomized controlled
trial of risperidone in a similar sample. We found that
risperidone at 1 mg/day was more effective than placebo in
reducing aggression and psychotic symptoms and did not
cause significant extrapyramidal symptoms. Treatment at
higher doses (2 mg/day) produced marginally better re-
sponses but was associated with extrapyramidal symptoms
in approximately one-quarter of the patients.

In another study, we (Rovner et al. 1996) evaluated the
efficacy of a dementia care program, consisting of activi-
ties, guidelines for use of psychotropic medications, and
educational rounds. We found that, after 6 months, the
program had reduced the number of behavior disorders
and the use of antipsychotic medications and restraint, in
comparison with the control group. The most important
therapeutic element, in our opinion, was the establishment
of a safe environment and active routines, to minimize de-
mentia patients’ exposure to unstructured situations.

Incapacity to Consent to Medical Care

The Patient Self-Determination Act mandates that feder-
ally funded nursing facilities inform patients of their rights
under state law 1) to make decisions to accept or refuse
medical or surgical treatment and 2) to formulate advance
directives (Sabatino 1993). Advance directives allow cur-
rently competent patients to record the kind of medical
procedures they desire should they become incompetent in

the future. These directives decrease the probability that a
guardianship hearing will be necessary. Most states allow
two types of advance directives: the living will and the dura-
ble power of attorney (see Chapter 41 in this volume).

As previously stated, the prevalence of dementing con-
ditions and other psychiatric disorders in nursing homes is
high. This situation suggests that many nursing home pa-
tients may not be competent to execute advance directives
or to consent to medical procedures. Thus, although the
Patient Self-Determination Act may improve autonomy in
decision making, its intentions may not be fully realized.
We (Janofsky and Rovner 1993) investigated the preva-
lence of advance directives among 186 nursing home pa-
tients. Of 29 residents assessed to be competent, 14 (48%)
had a durable power of attorney or a living will. One person
(3.5%) had a guardian. The remaining 14 patients (48.5%)
had no advance directive. One hundred fifty-seven patients
were assessed to be incompetent; 61 (39%) had a durable
power of attorney or a living will, 44 (28%) had a guardian,
and the remaining 52 (33%) had no form of advance direc-
tive. These data showed that substantial numbers of resi-
dents lacked either guardians or advance directives.

Special Care Units

Special care units in nursing homes have evolved as poten-
tially innovative approaches to care. The underlying the-
ory of treatment generally is based on the identification
and treatment of excess disability, compensation for lost
abilities through environmental and social support, and
systematic evaluations of residents for potentially revers-
ible medical and neuropsychiatric disorders. These units
are usually costly to develop because they require modifi-
cation of existing designs or creation of new ones, as well as
recruitment and training of personnel, to create higher
staff-patient ratios. Special care units often charge higher
daily rates, and therefore the care may be out of reach for
most nursing home patients with dementia.

Ohta and Ohta (1988) were among the first to note the
variability among dementia special care units and the het-
erogeneity of the patients who reside there. Perhaps for
these reasons, it has been difficult to assess the effectiveness
of special care units. Gold et al. (1991) found that such units
appeared to be associated with care of a higher quality than
that on traditional units but that the quality of special care
units was by no means uniform. Holmes et al. (1990) com-
pared the characteristics of patients with dementia residing
on these units with the characteristics of their counterparts
on other units within the same facilities and found that the
two groups differed in levels of cognitive impairment, be-
havior, functioning, and physical status. They also found
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that despite a higher prevalence of behavior disorders
among special care patients, staff caring for these patients
did not view the disturbances as more severe, and the inves-
tigators suggested that the specialized staff were able to ad-
just to these behaviors. Sloane et al. (1991) conducted a
case-control study involving 625 patients with dementia on
31 dementia special care units and 32 traditional units in
five states. They found that special care units were associ-
ated with reduced use of physical restraints but not of
psychotropic drugs and that different variables determined
the use of physical restraints and psychotropic medications
on the two types of units.

In another study, Sloane et al. (1998) examined the
prevalence of agitated behaviors in a representative sample
of Alzheimer’s disease special care units, to determine the
extent to which agitation is associated with aspects of the
treatment environment. They found that the proportion of
residents exhibiting agitated behavior varied from 0% to
38%. Independent correlates of low agitation levels in-
cluded favorable scores on measures of the physical envi-
ronment and of staff treatment activities, low rates of use of
physical restraints, small unit size, low levels of resident
functional dependency, and fewer comorbid conditions.

Two single-site studies evaluated the outcome of treat-
ment on special care units. Benson et al. (1987) reported in-
creased levels of mental, emotional, and self-care function-
ing in patients admitted to special care units, and we
(Rovner et al. 1990b) found that the functional capacity of
patients on special care units remained stable, whereas that
of patients on other units declined.

Phillips et al. (1997) examined Minimum Data Set as-
sessments of 77,337 residents in more than 800 facilities,
including 1,228 residents in 48 facilities with special care
units. They found no statistically significant difference in
the rate of decline (nine outcomes were measured) among
residents on special care units and residents on traditional
units. They concluded that although special care units may
have provided unmeasured benefits to families and resi-
dents, those benefits did not include slowing rates of func-
tional decline.

Principles of Care

In practice, the perceptions of nursing staff are critical in
determining whether or not a behavior disorder is present.
Different observers may have differing views about
whether a particular behavior is an expected and accepted
occurrence or a disturbance that offends or threatens care-
takers and the homeostasis of the environment. In this
light, the definition of a behavior disorder includes ele-

ments of the dispositions of the patient and of the observer
and their interaction within the environment. This point
underscores the importance of education of caregivers in
nursing homes.

The underlying brain disease exists independent of the
environment, but how the disease manifests itself (i.e.,
whether or not a behavior disorder emerges as a symptom
of disease) reflects the interaction of a number of processes.
A clarifying distinction in this regard is the recognition of
predisposing features and precipitating factors. Patients with
dementia are predisposed to behavioral disturbances on
the basis of 1) specific syndromes marked by depression,
delusions, and hallucinations; 2) delirium; and 3) poor im-
pulse control, impaired judgment, and poor regulation of
mood secondary to the brain damage. Precipitating factors
may be environmental events such as recent nursing home
placement, a change of rooms, changes of caregivers,
uninformed approaches to care, or exposure to threatening
activities or circumstances that overwhelm cognitive
capacities.

This reasoning leads to parallel but distinctive treat-
ment interventions. From the neuropsychiatric perspec-
tive, recognizing that a patient’s behavior is the reflection
of brain disease, rather than of a willful or manipulative na-
ture, and that depression, delirium, delusions, and halluci-
nations may represent biological aberrations and symp-
toms of the underlying disease leads to the directing of
treatment toward the somatic therapies found to be benefi-
cial in other patients with these neuropsychiatric symp-
toms.

Although neurological influences are important in the
genesis of behavior disorders, psychosocial influences are
important as well. Patients are exposed to environments
and persons whom they may not fully comprehend or rec-
ognize, predisposing them to a sense of uncertainty, frus-
tration, and lack of direction. Because of these predisposi-
tions, the provocations or precipitating factors in the
environment may lead to behavioral disturbance. It is thus
important to understand the behavior in its social context
within the nursing home so that interventions can be de-
signed within that context to prevent the emergence of be-
havior disorders.

Treatment is optimized when it is possible to evaluate
and treat patients on site and transfer patients in need of
acute care at a psychiatric hospital. The latter is necessary
because some residents require brief psychiatric hospital-
ization for stabilization. Hospitalizations of agitated pa-
tients with dementia are associated with reductions in gen-
eral psychiatric symptoms and agitation and improvements
in depression and global functioning, without adverse ef-
fects on cognitive states (Kunik et al. 1996).
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Optimizing Care and
Related Care Issues

Essential to the success of any psychiatric program in a
nursing home is proper education of clinical and adminis-
trative staff. This education is an ongoing effort that incor-
porates use of written material, formal lectures, and hands-
on teaching during patient care. Staff should be presented
with basic facts and terminology about psychiatric disor-
ders, information about available treatments, and data sup-
porting the efficacy of those treatments. Special attention
should be paid to psychopharmacology, electroconvulsive
therapy, and the ability to effect change through psycho-
therapy or environmental and other behavioral interven-
tions.

Staff should learn how to obtain histories from patients
and informants, understand the process of neuropsychiat-
ric diagnosis, and develop optimal clinical approaches and
environmental modifications. Basic rating scales can be
used to facilitate patient evaluation and outcome assess-
ment. We propose the use of the Mini-Mental State Exam
(Folstein et al. 1975) or the Severe Impairment Rating
Scale (Rabins and Steele 1994) to rate cognition, the Cor-
nell Scale for Depression and Dementia (Alexopoulos et al.
1988) to rate depression and dementia, and the Psycho-
geriatric Dependency Rating Scale (Wilkinson et al. 1980)
or the Neuropsychiatric Inventory (Cummings et al. 1994)
to rate behavioral disturbance.

It is also helpful for nursing home staff to develop an
accurate understanding of the OBRA regulations. This un-
derstanding increases awareness of the restrictions under
which nursing homes operate but also clarifies the fact, for
example, that any appropriate psychopharmacological
treatments are permissible with proper documentation.
The intent of the OBRA regulations is not to direct the
practice of medicine but rather to ensure the protection of
patients. Thus, the practice of neuropsychiatry according
to current standards of care is not only possible—it is nec-
essary. Of particular importance in this process is a close al-
liance with the consulting pharmacists who oversee admin-
istration of medications in the nursing home.

Another important aspect of psychiatric practice is pa-
tient decision-making capacity. As noted earlier, most pa-
tients are not capable of directly providing informed con-
sent and making treatment decisions. It behooves the
psychiatrist to involve the patient’s family in the clarifica-
tion of the patient’s advance directive soon after the patient
has been admitted. The preferred method is to convene a
diagnostic conference at which nursing home staff (e.g., a
nurse and a social worker) are also present. Such a confer-

ence allows for clear communication between families and
staff about treatment preferences, creates rapport between
the neuropsychiatrist and the family, and helps the
neuropsychiatrist understand how families make health
care decisions.

The development of special staff expertise also helps
improve care. Given the high volume and complexity of
neuropsychiatric disturbances, and the inability of most
patients to report response to interventions, the neuro-
psychiatrist must rely on nursing home staff to appraise a
patient’s response. This staff can include “psychiatric ex-
pert” nurses or aides who understand psychotropic medi-
cations and behavioral interventions and who are familiar
with standardized rating scales.

The success of a nursing home neuropsychiatric pro-
gram depends as well on the integration of neuropsychiat-
ric care with all other forms of care, including care by activ-
ity therapists, nurses, social workers, occupational and
physical therapists, and especially physicians treating the
patient’s comorbid medical disorders. In addition, the
neuropsychiatrist must meet regularly with other health
care professionals to evaluate new patients and assess their
responses to treatment. At the very minimum, rapid rounds
can be conducted each day by nursing staff, with other pro-
fessionals invited to participate. Such rounds permit iden-
tification of patients who are developing new behavioral
disturbances or new medical problems. These rounds are
best conducted at the change to the evening shift. In addi-
tion, a weekly interdisciplinary round is critical, in which
all professionals meet to review patient progress and dis-
cuss difficult cases. This meeting also serves as a learning
opportunity for all professionals in attendance.

Admission evaluations should include a review of the
present illness, psychiatric symptoms, family and personal
histories, medical history, and current medications. Also at
the time of admission, cognitive function, independence in
activities of daily living, behavior, and general health
should be rated, with input from outside informants taken
into account, using standardized scales. An experienced
nurse can complete a patient evaluation, rating scales in-
cluded, in 1–2 hours. The neuropsychiatrist working with
the nursing team can review evaluations on rounds, to de-
cide whether further assessment is necessary before treat-
ment is begun. In instances in which patients entering a
nursing home are already under psychiatric care by out-
sider providers, it is important to involve these providers.

In the case of patients who are found not to have neuro-
psychiatric disorders on admission, reassessment every 6–9
months is useful to detect possible incident changes. Neu-
ropsychiatric reassessment might also be performed in re-
sponse to a particular change in a patient (e.g., the onset of
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significant behavioral or mental disturbances) or to a sig-
nificant change in score on one of the standardized scales
(e.g., a decrease in score of more than three points on the
Mini-Mental State Exam in a patient without a previous di-
agnosis of dementia).

The majority of patients admitted to nursing homes
have chronic diseases, many of which are progressive or in-
curable. Most patients are entering the final residence of
their lives. The vast majority of nursing home patients will
live in the nursing home for an average of approximately
3–4 years before death. For these patients, the goals of care
relate to quality of life (being symptom free and comfort-
able), functioning (maintaining the highest possible lev-
els), longevity, and maintaining of dignity. It is important
that staff adopt a can-do philosophy rather than a nihilistic
one. Small improvements are almost always possible and
can be of tremendous benefit in terms of boosting staff and
patient morale.

Knee-jerk responses or prescribing of medications for
poorly defined problems should be avoided. The latter of-
ten occurs when there is a crisis after hours: a nurse calls a
physician to report an “agitated” patient, and the physician
prescribes an antipsychotic medication without carefully
assessing the patient. Interventions ought to be evidence
based as much as possible. Unfortunately, as indicated ear-
lier, scientific evidence regarding outcomes of treatment
for neuropsychiatric disorders in nursing homes is sparse.
However, an increasing number of studies have been con-
ducted that can inform neuropsychiatric practice. Overall,
treatment in the nursing home requires flexibility, opti-
mism, hope, and willingness to work with an interdisciplin-
ary team on all aspects of care.

By the time of admission to the nursing home, most pa-
tients have moderate to severe dementia. The underlying
disease causing the dementia is typically incurable (see
Chapter 24 in this volume). However, for patients with Alz-
heimer’s disease, even at moderate to advanced stages, vita-
min E at dosages of 1,000–2,000 IU/day may be prescribed,
in an attempt to slow disease progression. For post-
menopausal women, estrogen replacement therapy should
be considered; this treatment prevents heart attacks and os-
teoporosis and may slow the progression of dementia.
There is also evidence that treatment with nonsteroidal
anti-inflammatory agents may slow the progression of dis-
ease, although this has not been proven conclusively. In
treating vascular dementia, persistent efforts should be
made to reduce risk factors for stroke (see Chapter 23 in
this volume). Good control of diabetes, hypertension, and
heart disease, as well as smoking cessation (required in
most nursing homes), is necessary. Treatment with
low-dose aspirin or an anticoagulant such as ticlopidine or

warfarin may be appropriate.
In addition to treating the disease causing the demen-

tia, the focus of interventions in patients with dementia is
on relieving cognitive symptoms and possibly preventing
functional decline, using cholinesterase inhibitors.

The use of tacrine and donepezil has been approved for
these purposes. The use of other new medications, which
are cholinesterase inhibitors as well, appears close to ap-
proval. Side effects of treatment with tacrine and donepezil
are consistent with those associated with systemic eleva-
tions of acetylcholine levels and include increased stomach
acid secretion, nausea, vomiting, diarrhea, increased vagal
tone with bradycardia and syncope, and muscle cramps.
Tacrine also affects the liver; use of the drug requires liver
function tests every 2 weeks. The efficacy of treatment with
these medications in patients with advanced dementia is
not well established. However, because some of these pa-
tients may benefit, use of tacrine or donepezil should be
considered in all cases.

Perhaps the most important type of care for patients
with dementia is supportive care. Stabilization and expert
management of comorbid medical conditions are essential.
Patients with dementia are vulnerable to delirium, which
may manifest itself as uncooperativeness and aggression.
Sudden changes in behavior should always be investigated,
with the possibility kept in mind that they were caused by a
new medical condition (e.g., a urinary tract infection). In
addition, patients are vulnerable to the toxic effects of med-
icines; confirmation, on admission, of medical diagnoses
and medications being taken can prevent polypharmacy
and the attendant drug interactions.

The three main safety concerns related to patients in
nursing homes are falls, wandering, and aggression. Pa-
tients should be assessed periodically for gait apraxia and
deconditioning, particularly after periods of illness that
may have restricted mobility. Physical therapy should be
used liberally to improve conditioning. Additionally, in the
case of patients who cannot walk, efforts should be made to
maintain mobility and independence through the use of
devices such as safety chairs that enable walking, wheel-
chairs, walkers, and canes.

The risk of wandering and leaving the nursing home is
high, particularly when a locked unit is not available. Risk
factors include sleep disorder, male gender, and advanced
dementia. Patients who have a history of wandering benefit
from locked units or electronic tags that indicate departure
from the nursing home. One of the best ways to prevent
wandering is to engage patients in structured activities, so
that the boredom and uncertainty that lead to wandering
are avoided.

Aggression is a particularly common problem and can
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be divided into two types (see Chapter 22 in this volume).
The first type of aggression occurs in the context of daily
care and is directed at staff attempting to assist the patient.
This type of aggression does not respond well to pharma-
cological therapy and may be best addressed through
teaching by staff of practical behavioral management skills.
Aggression occurring outside the context of daily care and
directed toward other residents or visitors is often unpre-
dictable. Many aggressive patients also have exacerbations
of medical problems, delirium, depression, delusions, hal-
lucinations, or very severe dementia. Treatment of other
comorbid conditions is important and typically leads to re-
duced aggression. In rare instances, patients may remain
unpredictably aggressive despite environmental and phar-
macological interventions. Ongoing trial-and-error ap-
proaches, including trials of antipsychotics or benzodiaze-
pines at high doses, may be necessary. Although the use of
restraint generally should be avoided, severely aggressive
patients require restraint for protection of themselves and
others.

Conclusions

Although many of the clinical observations and recom-
mendations in this chapter may seem obvious, and al-
though they are essential elements of care in other medical
and neuropsychiatric settings, they are new to the care of
patients in nursing homes. One need only recall that recog-
nizing the high prevalence of dementia and the excessive
use of restraints and psychotropic medications is a recent
advance. Much remains to be accomplished in the area of
care for nursing home patients. The lack of knowledge
about, lack of interest in, and lack of resources for such care
have all contributed to the maintaining of “warehousing”
as the standard of care in nursing homes. Because of this ap-
proach to care, few administrators or physicians in nursing
homes have emphasized the need for psychosocial rehabili-
tation for dementia patients or organized a system of care
to provide it.

Because of the lack of public awareness as well, and the
reluctance of federal agencies to provide reimbursement,
psychosocial rehabilitation programs are far from being
regular and essential aspects of nursing home care. The
chief obstacle is cost; lack of mental health professionals
trained in geriatrics is another obstacle. With regard to the
former, 82% of nursing home administrators and 73.6% of
directors of nursing who participated in the 1992 National
Telephone Survey of Nursing Homes said that current re-
imbursement was insufficient for care of residents with de-
mentia and associated behavior disorders (Lombardo
1994). Access to psychiatrists was considered by survey

participants to be limited significantly by low Medicaid re-
imbursement rates. The failure to finance mental health
services adequately is the consequence of the division of
governmental financing between acute and long-term care
and the fragmentation of benefits for medical, social, and
income needs.

Fifty percent of participants in a survey of long-term
care nursing directors reported that an inadequate number
of psychiatrists were available, and 66% reported that psy-
chiatrists, though capably providing diagnostic and medi-
cation recommendations, were not offering advice on
nonpharmacological management techniques, staff sup-
port, and family conflicts (Reichman et al. 1998). These
concerns were believed by the nursing directors to be
highly important in the day-to-day management and main-
tenance of mental health in nursing home patients and
staff. Reichman et al. (1998) also found that a formal con-
tract for psychiatric services increased the frequency of
consultation and satisfaction with the service provided.
These data demonstrate the importance of reimbursement
mechanisms in terms of determining, at the very least, the
frequency and quality of psychiatric care. Reichman and
colleagues wrote: “This differential outcome is particu-
larly important with respect to aspects of comprehensive
care that are currently non-reimbursable, poorly reim-
bursed, or burdensome to bill under Medicare-fee-
for-service rules. These fall mainly in the domain of liaison
function such as psychosocial care planning, staff-support,
and help with families” (p. 325)

Unfortunately, the prospect for devoting more re-
sources toward improving psychiatric care in nursing
homes is doubtful, given the current national emphasis on
cost control. Even if costs could be demonstrated to be off-
set—by showing, for example, that psychiatric services
prevent hip fractures due to mismanagement of psycho-
tropic medications—reimbursement reform would not
likely be forthcoming. Until patients and their families de-
mand improvements in mental health care, the situation is
not apt to improve. Our hope is that indicators of nursing
home quality can be developed, to ensure provision of ex-
pert psychiatric care and to establish a rational basis on
which care is reimbursed.

Psychosocial rehabilitation programs should become
an integral part of reasonable and expected care. Mental
health programs should prevent behavior disorders and
functional decline due to inactivity and thus enable patients
to achieve their highest levels of functioning and
well-being. As Bachrach (1992) noted:

[Although] the gains that some can make are so small as to
seem out of proportion to the effort it takes on the part of
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patient and personnel to produce them . . . they are so im-
portant that the institution must give each long-term pa-
tient encouragement and help to achieve his maximum of
restoration. (p. 172)

We are stressing the importance of psychosocial reha-
bilitation and, even more basically, humanistic treatment
of nursing home residents with dementia or other neuro-
psychiatric disorders. All too often, such appeals set off
empty debates about the relative importance of high tech-
nology versus highly personal approaches to care. Such de-
bates would be pointless here. There is a need for vigorous
approaches to neuropsychiatric diagnosis for all patients
with dementia and behavioral disturbances, to identify
those with hallucinations, delusions, depression, or delir-
ium. There is also a need for assessment of deficits (e.g.,
amnesia, aphasia, apraxia, and agnosia) and ensuring that
all aspects of nursing home care are carried out with the
knowledge of these deficits. Here there must be interac-
tions between clinical neuroscience and front-line staff. If
environmental interventions are to prevent or treat behav-
ioral disturbances, they must be more than well-
intentioned humanistic endeavors; they must be inferred
from what is known about cognitive deficits in dementia,
both in general and in the individual patient.

To provide this level of care, a complete revision of the
nursing home industry will be required, to meet acceptable
standards of neuropsychiatric care for patients in nursing
homes. Elon (1993) discussed the disparity between the
ideals and the realities of nursing home medical director-
ship and indicated that to fill the role adequately, greater fi-
nancial commitment by facilities and reimbursement sys-
tems will be necessary. In the absence of such leadership, it
will be difficult to implement other promising and innova-
tive efforts, such as enriched educational and practice pro-
grams for nursing staff, the use of geriatric nurse practitio-
ners, and collaborative relationships with psychiatrists.
Future efforts to improve nursing home care might profit-
ably be modeled on successful approaches already used in
modern psychiatric, neuropsychiatric, and rehabilitation
hospitals.

Summary

In this chapter, we reviewed the high prevalence of neuro-
psychiatric conditions and behavioral disturbances in nurs-
ing homes. We discussed how nursing homes currently are
based on a medical model that may not be appropriate for
the problems of their patients. Nursing homes are staffed
by personnel who direct their care toward the treatment of

medical conditions but not neuropsychiatric ones. This sit-
uation may lead to inappropriate use of physical and chemi-
cal restraints, an inability to reduce behavior disorders, and
failure to improve the psychosocial functioning of patients.
Improving the care of nursing home patients with neuro-
psychiatric disorders requires appreciation of the brain dis-
turbances and how environmental circumstances contrib-
ute to both the genesis of problems and the potential for
maximizing patients’ cognitive, emotional, and physical
functioning.
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38
Genetic Interventions

Kirk C. Wilhelmsen, M.D., Ph.D.

Genetics, the science that deals with he-
redity, is having an increasingly perva-

sive influence on medicine and biological science. This
influence is due in large part to the success of genetics in
elucidating biological processes in experimental systems
and in the identification of genes involved in human dis-
ease. Over the last 100 years, investigators have devel-
oped the concept of the gene and the chromosomal the-
ory of heredity, which included the elucidation of the
structure of DNA (Watson 1987). These developments
have resulted in an explosion of information about the or-
ganization and structure of genes and their roles in dis-
eases. Genetic analysis is expected to lead to the identifi-
cation of genes that play key roles in behaviors. The
impact of genetics on geriatric neuropsychiatry will be
more apparent as DNA analysis is used to predict both fa-
vorable and unfavorable responses to medications and es-
tablish presymptomatic susceptibility to disease.

Most of the successes of human genetic analysis have
been in the identification of rare mutations that produce
diseases with simple patterns of inheritance, called Mende-
lian traits (e.g., cystic fibrosis [Kerem et al. 1989a, 1989b;
Riordan et al. 1989] and Huntington’s disease (“A Novel
Gene Containing a Trinucleotide Repeat That Is Ex-
panded and Unstable on Huntington’s Disease Chromo-
somes” 1993). In Mendelian traits, one-fourth or one-half

of the relatives of affected individuals are affected.
Non-Mendelian traits do not have predictable modes of in-
heritance. The causal mutations for most common genetic
diseases with Mendelian inheritance have been identified
(McKusick and Almon 1998). But it will be many years be-
fore mutations are identified for all of the well-described,
rare heritable diseases. New mutations are continually be-
ing identified, increasing our understanding of gene struc-
ture and function.

The work on Mendelian traits has become the founda-
tion for efforts to identify genes that play roles in common
diseases produced by the complex interaction between
genes and environment, diseases we refer to as complex
traits. The vast majority of behaviors and diseases of inter-
est to geriatric neuropsychiatry are complex traits.

Because specific genetic findings relevant to geriatric
neuropsychiatry are limited, most of this chapter is of a
general nature. It will be important for all caregivers and
investigators to understand the meaning and context of ge-
netic findings that are made in the next decade.

Genes, Expression, and Diversity

Proteins form the scaffold and machinery in cells and are
made of chains of amino acids determined by the structure
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of DNA. The order of amino acids determines in large part
how proteins fold. Some proteins require the assistance of
other proteins to adopt the proper three-dimensional
structure. The machinery needed to replicate and maintain
DNA and to translate its coded information into proteins is
made of protein and RNA, a molecule similar in structure
to DNA.

DNA is a long macromolecule composed of two paired
helical strands of repeating subunits called nucleotides. Each
nucleotide contains a phosphate group, a five-carbon
sugar, and a cyclic nitrogen–containing base. The back-
bone of each strand is composed of alternating sugars and
phosphates with phosphodiester linkages. Cyclic nitrogen
bases covalently bond to the sugar group and form hydro-
gen bonds between the strands, strictly according to
base-pairing rules. Thus the bases adenine and thymine are
paired, as are guanine and cytosine. RNA differs from
DNA in that RNA uses a different sugar and is usually sin-
gle stranded, and the cyclic nitrogen base uridine replaces
thymine.

Cellular machinery replicates DNA by separating its
strands and applying hydrogen-bonding rules to recon-
struct the paired strands. Similarly, RNA molecules are
“transcribed” from one of the temporarily separated DNA
strands using base-pairing rules. Elaborate protein- and
RNA-containing complexes edit primary RNA transcripts,
often “splicing” out internal segments, called introns, be-
fore making proteins. Proteins are linearly encoded in
RNA using a set of three adjacent nucleotides, called a
codon, to specify the order of polymerization of amino acids
in proteins. Additional DNA and RNA nucleotide se-
quences adjacent to protein coding sequences are used to
regulate the timing and level of protein production. The
DNA used to encode a protein and its regulatory elements
is referred to as a gene. Humans have between 50,000 and
100,000 genes encoded in 3.3 billion nucleotide pairs of
DNA.

Before cell division, nuclear DNA molecules in cells
are replicated. During cell division, nuclear DNA mole-
cules in cells are coiled and condensed into microscopically
visible elements called chromosomes. One copy of each chro-
mosome ends up in each daughter cell that results from the
division of the parental cell. Humans have 22 paired chro-
mosomes and 2 sex chromosomes. One sex chromosome
and 1 of each of the 22 paired chromosomes are derived
from the chromosomes present in the sperm and oocyte
that fuse to form a zygote. Generally speaking, the struc-
ture of chromosomes remains intact through the replica-
tion of chromosomal DNA, from the time the sperm and
oocyte are fused until new sperm and oocytes are produced.
During spermatogenesis and oogenesis, the homologous

chromosomes align. They also frequently break and rejoin
through a process called recombination. Thus a particular
maternal chromosome may be derived from both maternal
grandparents.

With the exception of genes that are encoded on sex
chromosomes, all individuals have two copies of each gene.
However, not all genes have identical DNA sequences.
Some sequence changes affect how, when, and where genes
are expressed, whereas others change the amino acids in the
protein product. Common variants in proteins, called
allozymes, are found throughout the population. However,
rare gene variants are frequently referred to as mutations,
particularly when the DNA changes produce disease or
have been the result of recent errors in DNA replication.
Sexual reproduction with chromosomal recombination
and new mutations creates a limitless variation in genetic
constitution. The bulk of human diversity comes from the
interaction between common gene variations and environ-
mental factors.

In addition to nuclear DNA, there is also mitochon-
drial DNA. Mitochondria are intracellular organelles that
use oxidation of carbon compounds to produce adenosine
triphosphate (ATP), the cellular currency for energy. The
mitochondrial genome is a 16,000–base-pair circle of
DNA. Each mitochondrion has several genomes that repli-
cate and are divided between daughter organelles as the
mitochondrion divides. Most cells have many mitochon-
dria that appear to be divided by chance between daughter
cells during division. Rare genetic diseases have been iden-
tified with maternal inheritance, a consequence of the fact
that all human mitochondria in the zygote come from the
oocyte and none come from the sperm. Changes in the se-
quence of genes also occur during the development and re-
generation of tissues in an organism. Some changes stem
from errors in DNA replication or repair, called mutations,
which can cause diseases such as cancer (Hansen and
Cavenee 1988; Kinzler and Vogelstein 1996). Other DNA
sequence changes in non–germ line cells are the result of
cellular processes that affect specific genes. For example,
rearrangements in the immunoglobulin gene allow the
generation of new types of antibodies (Hayday et al. 1985;
Tonegawa 1988).

Processes that do not affect DNA sequence can also af-
fect gene expression. The best studied of these effects are
imprinting and X chromosome inactivation. Imprinting is
the result of differential expression of maternally and pa-
ternally inherited genes (Cassidy and Schwartz 1998;
Lewin 1998; Surani 1998). X chromosome inactivation
permits balancing of effects of genes on sex chromosomes
(Brockdorff and Duthie 1998; Jaenisch et al. 1998). Males
have an X chromosome and a Y chromosome, and females
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have two X chromosomes. This arrangement could result
in twice the amount of expression of some X chromosome
genes in females. To compensate for this, each female cell
has an inactivated X chromosome. This chromosomal in-
activation stops genes from being used to make proteins.
Thus a female is a mosaic of cells in which the X chromo-
some from either the mother or the father is inactivated.

In addition to imprinting and inactivation, there are
other mechanisms that modulate gene expression, but
these mechanisms are less well understood. For example,
exposure to certain stimuli can result in long-term changes
in gene expression. Technology to measure gene expres-
sion for thousands of genes simultaneously has been devel-
oped (Lashkari et al. 1997). This technology has allowed
investigators to study the correlation of cellular- and tis-
sue-specific patterns of gene expression for large collec-
tions of genes after cells or organisms are exposed to drugs,
toxins, or other stimuli such as learning.

Effects of Aging of the Genome

Changes in DNA occur as we age. Most changes are non-
specific mutations (Osiewacz 1997). Aging is the most im-
portant risk factor for cancer that appears to be the direct
result of mutations. The extent to which accumulation of
mutations affects the process of aging is not certain.

One consistent finding in studies of aging is that muta-
tions can be detected with an increasing frequency in mito-
chondrial DNA. These studies have focused on the accu-
mulation of specific mutations detected by powerful
molecular biology techniques. Most experts would argue
that because there are many mitochondria per cell and be-
cause mitochondria have more than one copy of DNA, the
observed mutations would not have a significant effect on
function. On the other hand, all of the deleterious muta-
tions combined could have an effect on function. This view
is supported by the observation that certain mitochondrial
functions (e.g., cytochrome-c oxidase activity) decline in
muscle fibers as we age (Brierley et al. 1997).

It has been widely observed that cells from normal tis-
sue can divide only a limited number of times (Berube et al.
1998; Shore 1998). This finding suggests that there is some
cellular mechanism that regulates the number of times a
cell divides. One candidate for this mechanism is the short-
ening of telomere length. Telomeres are the ends of a chro-
mosome’s arms. The enzyme that synthesizes a new strand
of DNA, DNA polymerase, requires a single strand of
DNA with a small bound “primer strand” to add new com-
plementary bases. DNA synthesis with DNA polymerase
proceeds in only one direction, and the end of a chromo-

some is not replicated by DNA synthesis. Thus without an-
other mechanism to regenerate the ends of chromosomes,
such chromosomes would become smaller with each round
of DNA replication. Some cells have an enzyme, called
telomerase, that can increase the length of the telomeres.
But in most non–germ line cells, telomerase is not made
and telomeres become shorter with each cell division.

Whether telomere length plays a physiological role in
human aging is not known. Additional work on model sys-
tems suggests that there are other mechanisms that regu-
late cellular life spans. In addition, mutations in genes that
can increase the life span of cells and organisms have been
identified (Shore 1998). One of the most interesting exam-
ples of a mutation that can affect life expectancy in humans
was identified by the positional cloning of the gene for
Werner’s syndrome (Yu et al. 1994, 1997). Patients with
Werner’s syndrome have a defect in a putative
topoisomerase gene, appear to age rapidly, and have an in-
creased risk of developing cancer. A defect in topoisome-
rase could be predicted to lead to a rapid accumulation of
genetic defects.

Molecular Basis of Genetic Analysis

The goal of human genetics is to show that specific gene se-
quences predispose an individual to specific traits. There
are many intermediate observations that can help investi-
gators identify the chromosome location for, and ulti-
mately the genes responsible for, specific traits. This pro-
cess of using further refinements of the location of a gene to
identify a gene is called positional cloning (Collins 1995).
The positional cloning of the gene for Huntington’s dis-
ease is an important example.

Linkage Studies

The focus of most previous positional cloning efforts has
been on simple Mendelian traits. To find the genes in-
volved in Mendelian disorders, researchers have studied
the outcome of chromosomal recombination events in
families. Thinking of a chromosome as color coded (see
Figure 38–1) allows one to visualize graphically how a sim-
ple Mendelian trait would be localized. One would simply
look for a correlation between inheriting a specific
color-coded chromosome segment and development of a
particular disease in a family.

In practice, markers are used to distinguish chromo-
somes. Markers are tools for monitoring the inheritance of
chromosome segments. A marker is any feature that segre-
gates from generation to generation as a simple trait with a
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specific chromosome location. The earliest markers were
morphological features such as color blindness; these were
followed by the more numerous and useful biochemical
traits such as ABO blood type. The use of morphological
and biochemical markers has largely been supplanted by
the study of specific DNA sequence variations (Botstein et
al. 1980; Weber and May 1989). Tens of thousands of seg-
ments of DNA in which the sequence varies have been
identified.

The alternative forms of a marker are called alleles. By
studying the inheritance of alleles for many different mark-

ers, one can establish the sequence of markers on chromo-
somes and detect the location of meiotic recombination
events. There is usually no direct relationship between the
markers used and the trait. In fact, the alleles on the chro-
mosome associated with a disease are often different in dif-
ferent families.

Geneticists have developed mathematical methods to
measure the likelihood that a gene for a trait is located at a
specific chromosome location given the family structure
and the observed marker and clinical data (Ott 1991). Some
methods, referred to as parametric methods, take into
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FIGURE 38–1. Each hypothetical organism represented in this diagram has one shared chromosome and a straight or crooked
tail. Each homologous chromosome is a different color in the parental generation (top). During sexual reproduction, one chromo-
some from each parent is transmitted to the offspring (bottom). In some cases, chromosomes are broken and rejoined, so that an
individual receives portions of two grandparental chromosomes. In this example, a red crooked tail is inherited with at least a por-
tion of the red chromosome; individuals with straight tails have inherited the yellow chromosome from their parent with the red
tail.



account the effect of allele number (i.e., whether it takes
one or two alleles to cause a trait [dominance]), variable age
at onset, the possibility that some gene carriers are unaf-
fected (penetrance), and the possibility that multiple genes
can produce the same condition (locus heterogeneity). Be-
cause parametric methods require estimates of parameters
that are difficult to estimate in advance, there has been a
trend toward using nonparametric analyses that rely on
simple paradigms, particularly for complex traits.

The simplest form of nonparametric analysis is called
the sib-pair method, in which excess chromosome sharing is
looked for (Blackwelder and Elston 1985). When two sib-
lings (a sib pair) are concordant for a trait, it is more likely
that they inherited the same chromosome that has the gene
for the trait from both parents. In the case of a random
chromosome, siblings are expected to have inherited the
same chromosome from both parents, the same chromo-
some from one of their parents, or different chromosomes
from both parents (probability of one in four, two in four,
and one in four, respectively). In a population of siblings,
the average number of chromosomes shared between sib-
lings is one. In a population of siblings concordant for a
trait, there is excess chromosome sharing (an average of be-
tween one and two) for the chromosomes containing the
responsible genes. It is possible to extend this analysis to in-
clude large families and information from both affected
and unaffected individuals.

The sib-pair method lends itself to simple para-
meterization including describing the size of particular
gene effects and the effects of gene-environment interac-
tions (Hauser et al. 1996; Risch 1990a, 1990b). The most
commonly used parameter to describe the size of effects of
a particular gene is analogous to the sibling relative risk
(λs). λs is the frequency of a sibling of an affected individual
being affected, divided by the population frequency for the
trait. λs, as it is measured in most conditions, in fact indi-
cates both genetic and environmental effects. Ultimately, it
should be possible to break down λs to recurrence risk for
individual genes and recurrence risk for environmental
factors. The interaction between these relative risks, be
they additive or multiplicative, will tell us much about the
biology of underlying disease. Unfortunately, we cannot
yet divide recurrence risk into its primary components in
advance. The recurrence risk for common genes will not be
greater than the total sibling recurrence risk. Estimating
the size of the gene-specific recurrence risk allows one to
estimate the sample size needed (Hauser et al. 1996).

With enough relatives of individuals who have specific
diseases or traits, it is possible to map susceptibility loci.
This approach has been strikingly successful for simple
traits. As few as 13 individuals in a nuclear family may be

needed to map a susceptibility locus for an autosomal,
dominant, simple Mendelian trait. However, it may take
several thousand samples to map a susceptibility locus for
complex traits.

The key to all genetic studies is the careful definition of
a trait that has a significant heritability, along with the col-
lection of the right family members in order to optimize
the efficiency of the analysis. In gene mapping studies, a
disease susceptibility locus can usually be localized to a
broad chromosomal segment that represents approxi-
mately 1

100–1
600 of the entire human genome. Collection of

additional samples can often lead to reduction of this seg-
ment to less than 1

3000 of the entire genome, but hundreds to
thousands of samples are usually required.

Allelic Association Studies

An approach referred to as allelic association analysis has been
used to map genes precisely for positional cloning. This ap-
proach has been used for many years with the histocom-
patibility complex, which has as a result been implicated in
many diseases, including diabetes, multiple sclerosis, anky-
losing spondylitis, and even narcolepsy (Kostyu 1991).

The basis of allelic association studies can be illus-
trated easily by studying the chromosomes of the
descendents of a “founder” with a rare disease (Figure
38–2). The mutation that causes a rare disease in the
founder is associated with specific marker alleles along a
chromosome. After many generations, all of the individu-
als who have inherited the founder’s mutation have a por-
tion of the founder’s chromosome. The likelihood that a
specific allele will continue to be associated with a disease
after many generations depends on the distance along the
chromosome between the sequence and the mutation. As
the distance between the mutation and the marker in-
creases, it is increasingly likely that recombination events
will break the association on the founder’s chromosome.

Allelic association can also be seen with common traits.
DNA sequence changes for common traits can either be
due to sequence changes that occurred in prehistoric times
that have been disseminated throughout the population or
be due to the occurrence of many recent mutations. For
traits due to ancient mutations, only markers linked ex-
tremely closely to the causal sequence variation will show
an association because there will have been many opportu-
nities for recombination during the many generations
since the founder. Diseases in which there are many new
mutations do not show allelic association because there are
many founders.

Allelic association studies can be used to localize sus-
ceptibility genes precisely. The precision is dependent on
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the number of different mutations, the total number of
generations since mutations occurred, and the number of
individuals with each mutation. With traits that were es-
tablished thousands of years ago, it is possible to localize
disease susceptibility loci to chromosome segments that
represent less than 1

3000 of a human genome (approximately
1 million base pairs of DNA, or 20–40 genes). Frequently,
association studies are used to show that specific DNA se-
quence variations cause disease. Before strongly associated
sequence variations can be considered responsible for a dis-
ease, supporting data must usually be obtained.

The most common study design used in allelic associa-
tion analysis is the case-control design. Use of the case-
control design has resulted in the making of spectacular
claims that ultimately have not been substantiated. The
principal reason for such unsubstantiated conclusions is
that there are many reasons an association can be detected,
only one of which is significant.

The most common pitfall in case-control designs is
population stratification. Case patients and control sub-
jects need to have the same genetic background. The find-
ing that a specific DNA sequence variation is more com-
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FIGURE 38–2. Chromosomes from a “founder” and his progeny who have inherited a mutation. The location of the mutation
on the chromosome is indicated by an arrow. Only chromosomes from affected individuals are shown. The founder’s chromo-
some is in black. Other chromosomes are variegated because there are limitless combinations of possible alleles for each gene and
marker. Each meiotic segregation is an opportunity for chromosomes to recombine. With each generation, a smaller portion of
the original founder’s chromosome is present in the individuals who carry the founder’s mutation. After many generations, there
is essentially a random distribution of colors at any position on a chromosome, except for segments that contain the mutation.



mon among selected short Inuits than among selected tall
African tribespeople should not lead one to assume that the
DNA sequence variation studied affects stature. It is more
likely that the presence of a specific DNA sequence varia-
tion is the result of the effects of the separation of the popu-
lations for tens of thousands of years. There are apt to be
many other sequence changes that also correlate with be-
ing part of one of the two populations. Unfortunately,
case-control studies are subject to much subtler popula-
tion-stratification effects. One of the more common errors
has been to use laboratory personnel as control subjects in
studies of diseases that occur in clinic populations.

Many association studies have been reported in the last
decade. The most creditable are extensions of family-based
linkage studies in which disease genes are further localized.
Frequently, association studies have been conducted to test
the hypothesis that a gene plays a role in a disease process.
Such hypotheses can be supported but not disproved by as-
sociation studies. Many reports describing associations be-
tween specific DNA sequence variation in the dopamine,
subtype 2 (D2), receptor and the occurrence of alcoholism
have been published in recent years (Blum et al. 1990).
Since the initial observation by Blum and colleagues, stud-
ies that replicated or failed to replicate the original obser-
vation have been reported. These discrepant results could
mean that alternative D2 receptor alleles affect susceptibil-
ity to alcoholism but that such susceptibility may be detect-
able only in certain populations with specific genetic back-
grounds and environmental influences. An alternative
explanation is that subtle effects of population stratifica-
tion are being detected in some of the case-control studies.
In a meta-analysis of all available data, it was concluded that
we still do not know whether sequence variation in the D2

receptor affects susceptibility to alcoholism (Gejman et al.
1994; Gelernter et al. 1993).

Two case-control studies have suggested that the DNA
sequence variation of the dopamine, subtype 4 (D4), recep-
tor leads specifically to novelty-seeking behavior
(Benjamin et al. 1996; Ebstein et al. 1996). But one has to
question whether these findings were due to a causal rela-
tionship between the specific DNA sequences and nov-
elty-seeking behavior or to biases in the collection of sam-
ples from individuals who scored similarly on measures of
novelty-seeking behavior.

The fundamental problem with the aforementioned
studies focusing on alcoholism (Gejman et al. 1994;
Gelernter et al. 1993) and novelty seeking (Benjamin et al.
1996; Ebstein et al. 1996) is the case-control design. It is ex-
tremely difficult to identify the appropriate control subject
for each individual in a population. Recently, two study de-
signs have been introduced in an attempt to overcome the

problems of the case-control design. The first study de-
sign, described by Spielman and Ewens (1996), involves the
transmission disequilibrium test (TDT). In this approach,
samples are obtained from a population of affected individ-
uals and from their parents. A comparison is made between
the frequency at which alleles are found in affected individ-
uals and the frequency at which nontransmitted parental
alleles are found. The nontransmitted parental alleles serve
as the control chromosomes for the affected individuals.
The rationale for the TDT is that the nontransmitted al-
leles come from individuals with same genetic background
as that of the subjects. The TDT is just now coming into
use, but it is recognized as the tool of choice for future asso-
ciation studies.

Unfortunately, particularly in the case of late-onset
diseases, it is not always possible to collect DNA samples
for genetic analysis from the parents of affected individu-
als. This limitation can be overcome by performing a fam-
ily study (i.e., by collecting samples from large numbers of
siblings of affected individuals, to reconstruct the genetic
constitution of the parents). But more recently, the practi-
cal approach of comparing the frequency at which alleles
are found in affected individuals with the frequency at
which alleles are found in their unaffected siblings has been
suggested (Boehnke and Langefeld 1998; Spielman and
Ewens 1998). If the siblings have the same genetic back-
ground, the disease-associated allele is likely to be
underrepresented in the individuals who do not manifest
the trait. The likelihood of seeing an association in a discor-
dant–sib-pair study will diminish if there are large numbers
of unaffected siblings who have a specific disease suscepti-
bility sequence but, because of other genetic or environ-
mental factors, do not manifest the trait.

Case-control studies can be used with greater confi-
dence when family-based studies demonstrate linkage. As-
sociation studies have the power to localize disease genes
with extreme precision. It has been suggested that in the fu-
ture, when it is possible to screen hundreds of thousands of
DNA sequence variations, the TDT will be the method of
choice for identifying genes for complex traits (Risch and
Merikangas 1996).

Dementia

Cognitive decline is a prominent feature associated with
aging (see Chapter 8). The general population considers
failure to remember recent events and misplacing items
not only evidence of aging but a possible harbinger of Alz-
heimer’s disease (AD), the most common form of
neurodegenerative cognitive impairment. The impor-
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tance of cognitive function in the geriatric population is il-
lustrated by the observation that elements of cognitive
function can be used to predict life expectancy in normal
sexagenarians (Siegler et al. 1982). Although interest in the
genetics of normal cognitive function is increasing, most of
the effort in human genetics is focused on neuro-
degenerative diseases that affect cognition. Recent devel-
opments in this area have practical import for geriatric
neuropsychiatry.

Alzheimer’s Disease

The clinical and pathological features of AD have been de-
scribed in Chapter 24. From a geneticist’s point of view, the
salient feature of AD is that few patients with AD have posi-
tive family histories. The diagnosis of AD is based on the
finding of β-amyloid–containing senile plaques and
neurofibrillary tangles composed of hyperphosphorylated
tau protein. A key to proving that a particular gene plays a
role in the pathogenesis of AD is determining how the gene
leads to the key pathological findings.

In the rare cases of familial AD, families have muta-
tions in the β-amyloid precursor protein gene, leading to
Mendelianly inherited AD (Chartier Harlin et al. 1991).
More common mutations in presenilin 1 (Sherrington et
al. 1995) and presenilin 2 (Levy-Lahad et al. 1995) also pro-
duce Mendelian, inherited AD, with an early age at onset.
Presenilin 1 and 2 have no known function, but these muta-
tions affect the biological processing of the amyloid pre-
cursor protein, increasing β-amyloid production in experi-
mental models (Scheuner et al. 1996).

More relevant to the current practice of geriatric
neuropsychiatry has been the identification of alternative
allozymes of apolipoprotein E (APOE) as susceptibility loci
for AD (Roses 1994). Common variations in the APOE
gene result in three protein products, referred to as ε2, ε3,
and ε4, with allele frequencies of 0.07, 0.77, and 0.16. The
risk for developing AD is substantially higher in individuals
who have inherited two ε4 alleles (2.5% of the population)
than in individuals who have two of the more common ε3
alleles (59% of the population) (Figure 38–3). The average
age at onset of AD for individuals with two ε4 alleles is ap-
proximately 15 years less than for individuals with two ε3
alleles.

The alternative alleles of the APOE gene are appropri-
ately referred to as allozymes rather than mutations. The se-
quence variations that result in the three alternative alleles
were fixed into the human genome tens, if not hundreds, of
thousands of years ago. These alternative alleles have es-
sentially normal function as determined by the final arbiter
of genetics, reproductive fitness. They have become widely

distributed throughout the population, which suggests
that there is no obvious disadvantage to having the alleles
that would predispose a person to AD.

Results of genetic epidemiological analysis suggest
that additional genetic susceptibility factors for AD are yet
to be identified. Studying families who have late-onset AD
has led to the identification of another susceptibility locus,
on chromosome 12 (Pericak-Vance et al. 1997). It is uncer-
tain whether this locus plays a major role in the susceptibil-
ity to AD in the general population.

Frontotemporal Dementia

In behavioral neurology clinics, frontotemporal dementia
(FTD) is the next most common cause of heritable demen-
tia (Brun 1993; “Clinical and Neuropathological Criteria
for Frontotemporal Dementia” 1994). Because it may be
misdiagnosed as AD, the prevalence of FTD in the popula-
tion is not clear. In behavioral neurology clinic popula-
tions, estimates of the percentage of dementia that results
in FTD range from 1% to 15%. Most of the variability in
the observed frequency in FTD is probably related to re-
ferral biases and different levels of detection sensitivity.

The prototypical forms of FTD characteristically are
associated with positive family history in 60% of cases
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FIGURE 38–3. Onset curves estimated by Kaplan-Meier
product limit distributions for apolipoprotein E genotypes.
The proportion of individuals without Alzheimer’s disease is
plotted as a function of time for the five most frequent geno-
types.
Source. Reprinted from Roses AD: “Apolipoprotein E Affects
the Rate of Alzheimer Disease Expression: Beta-Amyloid Bur-
den Is a Secondary Consequence Dependent on APOE Geno-
type and Duration of Disease.” Journal of Neuropathology and
Experimental Neurology 53:429–437, 1994. Used with permis-
sion.



(Gustafson 1993). Many large families have been identified
in which FTD is inherited as a Mendelian trait linked to
chromosome 17q21-22 (a region containing the tau gene).
Mutations in the tau gene have been identified in several
families with FTD and in individuals with a variety of other
clinically and pathologically distinct but overlapping con-
ditions with linkage to 17q21-22. Mutations have also been
identified in both coding and presumed regulatory se-
quences. In the vigorous attempts to find tau mutations in
other families, the focus has primarily been on the coding
sequences. These efforts have failed, but more systematic
efforts are under way. It is possible that some cases of FTD
are due to mutations in other genes. In one family with
FTD, the condition was due to the mutation of another
gene on chromosome 3 (Brown et al. 1995).

A characteristic feature in all of the families with tau
mutations has been the presence of aggregates of
hyperphosphorylated tau proteins. Some mutations cause
neurofibrillary tangles, as seen in AD. Interestingly, very
few amyloid plaques are seen in any individuals with tau
mutations, and tau mutations have not been identified in
classic AD. This finding suggests that the neurofibrillary
tangles seen in AD are induced by biology of the β-amyloid
precursor and that the biochemistry of the tau gene may be
responsible for neuronal death.

Genetic Testing

When a mutation is identified, it is possible to confirm a di-
agnosis or make a presymptomatic diagnosis in a relative.
As with all genetic diagnostic studies, it is important that
testing be performed in the appropriate clinical setting and
that genetic counseling occur before and after testing. The
clinician should recognize that confirming the diagnosis of
a disease by mutation detection can have an effect on family
members who may be unwilling participants in the search
for knowledge.

DNA from individuals can be sequenced to permit
searching for mutations in the amyloid precursor pro-
tein, the presenilin genes that are predictors of AD, and
the tau mutations that cause FTD. These tests are rela-
tively specialized and less widely available than the now
routine tests for Huntington’s disease. Because muta-
tions in these genes are only rarely responsible for AD
and because sequencing is expensive, this type of analysis
is usually reserved for subjects with strong family histo-
ries. It is uncertain what fraction of FTD cases are due to
mutations in tau. Because the tau gene is large and has
complex regulation, it is necessary to screen large seg-
ments of DNA sequence for mutations before conclud-

ing that a patient has FTD caused by a non-tau mutation.
Although it is commercially available, it is inappropri-

ate to use APOE genotyping for predictive testing on the
general population or on children of patients with AD
(Post et al. 1997). The major reason for this is that the avail-
able test does not have a high enough predictive value.
Many people who have the ε3/ε3 genotype develop AD,
and many people who have the ε4/ε4 genotype do not de-
velop AD. Further APOE genotyping cannot be used to
predict the age at onset of disease, and children of patients
with AD may be at risk because of mutations in other genes.
In the appropriate setting, APOE genotyping can aid in
confirming AD diagnosis in populations (Mayeux et al.
1998). Typically, 10% of the patients with a clinical diagno-
sis of probable AD do not have a pathological diagnosis of
AD. A higher concordance rate with pathological diagnosis
is observed among patients with a clinical diagnosis who
also have at least one ε4 allele. In the near future, APOE
genotyping may be relevant to clinicians if it can be used to
help tailor therapy when multiple therapeutic options are
available and their effectiveness is dependent on genotype.

Although medical therapies for most diseases are based
on the administration of small molecules, human genetics
is spurring the development of alternative strategies. The
products of genes identified by human genetic analysis may
require delivery to cells in a tissue-specific way. Methods
have been developed to insert genes into somatic cells in
whole animals. Most approaches rely on the use of modi-
fied viruses. The problems of cell targeting, low efficiency,
and random DNA insertion are just a few of the obstacles
that need to be overcome for this approach to be practical.
It is doubtful whether this approach will ever be useful for
repairing a mutation that causes a gene to produce a protein
with a new toxic function. An approach that has received
less attention in the area of genetic disease is the transplan-
tation of tissue to repair an organ (as opposed to organ
transplantation). Both fetal neural and autoallogous adre-
nal tissue have been implanted (Freeman 1997) into the
striatum in patients with Parkinson’s disease, with mixed
results (Kordower et al. 1997; Lieberman et al. 1989) (see
Chapter 26). A more practical approach being developed
involves transplanting engineered cells grown and selected
in vitro.

Summary

Human genetic analysis has already led to the identifica-
tion of genes that play roles in the most common causes of
cognitive decline in the geriatric population. Additional
genes will be implicated in these and other traits of interest
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to geriatricians. In some cases, it is now possible to make
presymptomatic diagnoses on the basis of DNA analysis.
More important, the identification of genes responsible for
human disease offers the opportunity for rational develop-
ment of drugs to treat and prevent disease. Confirmation of
the role of the amyloid precursor protein by the finding of
mutations in patients with AD has led to a concerted effort
to develop drugs that modify the biochemistry of the gene
product. Mice that have pathological features of AD have
been genetically engineered to overexpress this gene.
These mice are being used as reagents to study the interac-
tion of genes and as systems to test treatment strategies.

Genetic analysis will become an integral part of patient
care as treatment is tailored to a patient’s genetic constitu-
tion. All clinical trials designed to discover agents for the
prevention and treatment of AD should now include strati-
fication based on APOE genotype. Ideally, therapeutic
agents that have general efficacy for the treatment of AD
will be developed, but this may not be the case if they have
been designed to alter the enzymatic action of APOE.

In the future, analysis of APOE through study of a pa-
tient’s DNA sequence and as-yet unidentified genes will
become a routine part of medicine and geriatric neuro-
psychiatry when genotypes are used to tailor therapy. De-
spite the promise of genetics to predict our fates, we should
recognize that our fate is not entirely determined by our
genes. Genetics and epidemiology are becoming increas-
ingly linked, such that it may not be possible to identify
genes or environmental factors for some complex traits.
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39
Rehabilitation

Bruce H. Dobkin, M.D.

Goals of rehabilitation programs are to
lessen physical and cognitive impair-

ments of patients, increase patients’ functional independ-
ence, decrease the burden of care provided by significant
others, reintegrate patients into their families and
communities after illness, and improve the quality of life
for patients and their families. Rehabilitation is a
problem-solving process with a scope so broad that a spe-
cialized team of therapists is needed to make efforts
successful.

Physical, cognitive, and behavioral interventions
could begin at the first sign of any functional decline in ge-
riatric patients. The causes and natural history of neuro-
psychiatric disablement in geriatric subjects are not well
understood (Wade 1996). More often, efforts are imple-
mented at the time of an accident or of diagnosis of an ill-
ness. The most common instigators of a functional evalua-
tion are stroke, traumatic brain injury (TBI), Parkinson’s
disease, memory loss, dementia from Alzheimer’s disease
or cerebral ischemia, and injuries secondary to loss of bal-
ance, gait dysfunction, and falls. Acute strategies are de-
signed to prevent the medical and psychosocial complica-
tions that accompany immobility and new physical and
cognitive impairments and disabilities. Evaluation and
treatment of impairments and disabilities can take place in
an inpatient or outpatient setting. The long-term goal of

neuropsychiatric rehabilitation is to lessen disability and
handicap.

Assessments, treatments, and outcome measures in re-
habilitation are performed by clinicians on at least three
levels. Impairments include sensorimotor and other neuro-
logical, physical, and cognitive deficits, such as a new left
hemiparesis and left hemianopsia with hemi-inattention to
surroundings. A chronic hip contracture that premorbidly
affected walking is a type of impairment that could cause
greater disability than one might expect to result from a
new stroke. Premorbid impairments in recent memory,
word finding, or mood are especially likely to lead to
greater-than-expected cognitive dysfunction and disability
after a new brain injury. The clinician can use standardized
timed tests of physical functioning in elderly patients to ob-
tain a global view of the effects of impairments on impor-
tant activities. For example, in the Physical Performance
Test, a variety of activities are timed, such as walking 50
feet, putting on and removing a jacket, writing a sentence,
and climbing a flight of stairs (Reuben and Siu 1990). An
obstacle course set up in a hallway was described as a way to
assess mobility and balance (Means 1996). Results of tests
of postural sway, carried out with or without force plate
measures, have been related to the likelihood of falls and
disability (Hughes et al. 1996; Wolfson et al. 1992). Signifi-
cant correlations have been made between speed of walk-
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ing and levels of independence in activities of daily living
(ADLs) in elderly individuals, with speeds of less than 0.3
m/second associated with dependence in one or more ac-
tivities on the Barthel Index (Potter et al. 1995).

Disabilities are the functional restrictions induced by
impairments, such as not being able to walk across a room
without assistance because of hemiparesis. The Barthel In-
dex is often used to grade the level of independence in
ADLs but does not include a behavioral or cognitive do-
main. The Functional Independence Measure is another
ordinal scale. It includes several broad measures of cogni-
tion (Tables 39–1 and 39–2) (Granger et al. 1986;
Ottenbacher et al. 1996).

Handicaps arise from impairments and disabilities.
Handicaps include the disadvantages that limit or prevent
fulfillment of a usual role, such as no longer being able to
visit a friend because left hemiparesis prevents stair climb-
ing. In elderly persons, social isolation may follow develop-
ment of a physical impairment that limits the ability to walk
or drive a car. Handicap can be measured in part by the
Frenchay Activities Index (Pedersen et al. 1997).

Health-related quality of life is connected to impair-
ment, disability, and handicap. This measure includes a pa-
tient’s perception of his or her physical functioning, as well
as the mental, psychosocial, and emotional state.
Health-related quality of life has been measured using the
Sickness Index Profile and the Medical Outcomes Study
36-Item Short-Form Health Survey (SF-36) (Garratt et al.

1993). Many other scales have been used in neuro-
rehabilitation and geriatric studies (Dobkin 1996a; Wade
1992).

Disabling neuropsychiatric diseases that are common
in the geriatric population cause impairments in
sensorimotor skills, cognition, behavior, and emotional
control. For example, about half of stroke survivors and
persons with chronic multiple sclerosis have cognitive dys-
function, along with about 20% of those with Parkinson’s
disease (see Chapters 27 and 30). TBI is especially likely to
impair attention and executive functions, particularly in
older patients after even a mild head injury (see Chapter
28). The combination of physical, cognitive, or behavioral
impairments and prescribed and overused centrally acting
medications, psychosocial stresses, and other health- and
non–health-related issues can lead to profound disability.
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TABLE 39–1. Components of the Functional
Independence Measure

Bladder management
Bowel management
Social interaction
Problem solving
Memory
Comprehension
Bed-to-chair and wheelchair-to-chair transfer
Toilet transfer
Tub and shower transfer
Locomotion (walking or wheelchair)
Climbing stairs
Eating
Grooming
Bathing
Dressing (upper body)
Dressing (lower body)
Toileting

TABLE 39–2. Scoring for the Functional
Independence Measure

Independence (another person not required for performance
of activity; no helper required)

7: Complete independence (all of activity’s tasks
typically performed safely without modification, use
of assistive devices, or use of aids and within
reasonable amount of time)

6: Modified independence (performance of activity
involves use of assistive device, more than a
reasonable amount of time, and/or safety [risk]
considerations)

Dependence (another person required for performance of ac-
tivity, either to supervise or to lend physical assistance, or ac-
tivity not performed; helper required)

Modified dependence (patient expends ≥ 50% of effort)
5: Supervision or setup required (patient requires no

more help than standby assistance, cueing, or
coaxing, without physical contact; or helper sets up
needed items or applies orthoses)

4: Minimal contact assistance required (with physical
contact, patient requires no more help than touching
and expends ≥ 75% of effort)

3: Moderate assistance required (patient requires no
more help than touching and expends ≥ 50% but
< 75% of effort)

Complete dependence (patient expends < 50% of effort;
maximal or total assistance required, or activity not
performed)
2: Maximal assistance required (patient expends < 50%

but ≥ 25% of effort)
1: Total assistance required (patient expends < 25% of

effort)



Neuropsychiatric rehabilitation involves not only
physicians and nurses but also physical, occupational, rec-
reational, and speech-language therapists; social workers;
neuropsychologists; orthotists; dieticians; and sometimes
engineers. These professionals work as a team to optimize
the physical, cognitive, behavioral, psychosocial, and voca-
tional potential of people who are disabled by their impair-
ments. The primary approach of neuropsychiatric rehabil-
itation is to lessen disability through training and
adaptation. Patients should be able to learn and should be
motivated and goal directed. Of course, some geriatric pa-
tients may not meet these requirements. An aging brain
and body may have confounding effects on rehabilitative
therapies; physical, cognitive, and behavioral rehabilita-
tion can be a most difficult challenge for the rehabilitation
team.

Rehabilitation services are often organized in relation
to the disease being managed. The primary distinction is
between acute events such as brain and spinal cord trauma
and stroke; the more static conditions in which disability
might increase with aging and overuse of muscles and
joints, such as cerebral palsy and polio; and the variably
progressive disorders such as multiple sclerosis and Parkin-
son’s disease. Services should also be driven by the oppor-
tunity to optimize home and community activities and re-
turn the patient to the community as soon as possible. A
return to the home is often as dependent on the services
available in the community as on the severity of the disabil-
ity and the capacity of the family and caregivers to assist the
patient.

Rationale for Gains

Some of the neurobiological mechanisms that might con-
tribute to improvements and, sometimes, increases in im-
pairments and disabilities are outlined in Table 39–3.
These mechanisms overlap, and some depend on each
other over time. For example, partial recovery of a function
because of a partially spared pathway, combined with
partial substitution for a function through retraining, may
account for gains. Although care must be taken in extrapo-
lating from animal studies of recovery for human interven-
tions (Dobkin 1997), at least a few of these potential mech-
anisms suggest strategies that can be used by the
rehabilitation team to improve outcomes.

Many lines of animal and human research suggest that
partial recovery after a stroke can be due to a functional
shift to neighboring neurons. Nudo and colleagues (Nudo
and Milliken 1996; Nudo et al. 1996) induced an injury of
less than 1 mm to the motor cortex of primates in the neu-

rons that represented movement for the arm. The number
of perilesional neurons that represented movements of the
digits decreased if the monkey did not practice using its
hand to scoop pellets out of a narrow well (Nudo and
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TABLE 39–3. Neurobiological mechanisms for
recovery of function

Network plasticity
1. Recovery of neuronal excitability

Resolution of cellular toxic-metabolic dysfunction
Resolution of edema; resorption of blood products
Resolution of diaschisis

2. Activity in neurons adjacent to injured ones and in
partially spared pathways

3. Alternative behavioral strategies
4. Representational adaptations in neuronal assemblies

Expansion of representational maps
Recruitment of cells not ordinarily involved in an activity

5. Recruitment of parallel and subcomponent pathways
Altered activity of distributed functions of cortical and

subcortical neural networks
Activation of pattern generators (e.g., for stepping)
Recruitment of networks not ordinarily involved in an

activity
Dependence on task-related stimulation

Neuronal plasticity
1. Altered efficacy of synaptic activity

Activity-dependent unmasking of previously ineffective
synapses

Learning tied to activity-dependent changes
(e.g., long-term potentiation, long-term depression)
in synaptic strength in peri-injury and remote
regions

Increased neuronal responsiveness from denervation
hypersensitivity

Decrease in number of neurons, as in apoptosis
Change in number of a variety of receptors
Change in neurotransmitter release and uptake

2. Regeneration and sprouting of axons and dendrites
Signaling gene expression for cell viability, growth, and

remodeling proteins
Modulation by neurotrophic factors
Actions of chemoattractants and inhibitors in milieu

3. Remyelination
4. Transsynaptic degeneration
5. Ion channel changes on fibers for impulse conduction
6. Actions of neurotransmitters and neuromodulators

Source. Adapted from Dobkin 1996a.



Milliken 1996), but the size of neighboring representations
for the digits, wrist, and forearm increased with practice
(Nudo et al. 1996). Thus, cortical representational changes
are especially likely to occur during training that involves
learning and the acquisition of specific skills. The neurons
of the ischemic penumbra of an acute cerebral infarction
may play an important role in functional gains because this
region has a large potential for the learning mechanism of
long-term potentiation (Dobkin 1998).

Representational plasticity probably arises when pre-
viously silent synapses within thalamocortical and
intracortical circuits are unmasked (Donoghue 1997). In
some instances, this plasticity is accompanied by sprouting
of dendritic arbors over short distances (Jones et al. 1996).
Indeed, these findings are further evidence for a key princi-
ple of behavioral neuroscience, namely, that experience
continuously modifies brain structure, especially at the
synapse, beyond the period of neurodevelopment and even
in the geriatric population. The rules that govern the plas-
ticity of cortical maps appear to parallel those that drive
synaptic plasticity (Buonomano and Merzenich 1998).
Neocortical modifications in dendritic length, branching,
spine density, synapse size and number, glial size and num-
ber, and metabolic activity can be produced not only by a
stroke or other brain injury but also by aging, sex hor-
mones, neurotrophins, stress, richer environments, and
training in specific tasks (Kolb and Whishaw 1998). Al-
though the specific mechanisms that drive these changes
are still not certain, they can be related to increases in affer-
ent drives on interneuronal activity, which in turn increase
gene expression and protein synthesis. This cascade causes
stronger synaptic interactions within neuronal assemblies
that participate in a task and leads to behavioral gains.

Substrates for improvements in motor function in-
clude the combination of partially spared pathways, flexi-
ble neuronal assemblies that represent movements and
sensation, and multiple representional maps for move-
ments in a parallel, distributed system. Large anatomical
networks also serve cognitive domains, including those for
language, spatial awareness, explicit memory and emo-
tional valence, working memory and executive functions,
and face and object recognition (Mesulam 1998). The
components of each of these networks are interconnected
by the convergence of afferent sensory inputs and the di-
vergence of outputs. Thus, afferent drive from practice
should modulate neuronal activity, gene expression, learn-
ing, and behavioral change. Positron-emission tomogra-
phy (PET) and functional magnetic resonance imaging
(MRI) studies have begun to reveal changes in the organi-
zation of these interactions for particular tasks during nor-
mal learning and after a cerebral injury (Dettmers et al.

1997; Frackowiak 1994; Karni et al. 1995; Pizzamiglio et al.
1998).

Are the neurobiological mechanisms that have been
associated with gains any less likely to evolve when a neuro-
psychiatric illness affects an aging brain? Few anatomical
studies have compared motor recovery in older patients
with that in younger patients. Age-related differences in
brain regions associated with cognitive processes have
been better researched. Greater age has been correlated
with a decrease in the number and length of the primary
branches of dendrites, the number of dendritic spines, and
the density of synapses (Anderson and Rutledge 1996). Be-
cause the synapse is the primary site of activity-dependent
plasticity, the finding of a decrease in numbers with in-
creasing age beyond 50 years suggests that neuronal adap-
tations and learning may be limited after a brain injury.

Cognitive rehabilitation strategies have been devel-
oped based on the theory that improvements might be me-
diated by engaging residual links in a distributed cognitive
network with therapy (Mountcastle 1997). This strategy is
reflected in the primary approaches to cognitive rehabilita-
tion, which include 1) retraining that stresses mental
exercises and general cognitive stimulation; 2) training
strategies built on theoretical models of specific neuro-
psychological and neuropsychiatric impairments; 3) tech-
niques drawn from studies in educational, behavioral, and
cognitive psychology; and 4) and a psychosocial approach
that addresses the cognitive, behavioral, social, and emo-
tional bases and sequelae of any impairment and disability.

A treatment emphasis on behaviorally relevant tasks,
with an optimal schedule of practice and feedback, might
increase cognitive gains, given that this approach has been
found in human and animal studies to enhance up-
per-extremity and locomotor functions after a brain or spi-
nal cord injury (Dobkin 1996b; Taub and Wolf 1997). This
approach may be especially useful for treatment of
aphasias, apraxias, and visuospatial, visuoperceptual,
attentional, memory, and disruptive behavioral disorders.
The optimal duration and intensity of training are uncer-
tain, but more intensive practice seems to enhance subse-
quent performance (Kwakkel et al. 1997). Unfortunately,
most patients receive only a few months of formal inpatient
and outpatient retraining, at a modest level of intensity and
spread across many tasks.

Physical Approaches

A recent emphasis of geriatric rehabilitation has been on
the prevention of falls. Thirty percent of people over age 65
who live in the community fall each year, and this propor-
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tion reaches 50% in people over age 80. Falls are a strong
predictor of placement in a skilled nursing facility (Tinetti
and Williams 1997). A simple test of standing up, walking,
and balance can help predict disability in ADLs (Guralnik
et al. 1995). Programs of selective muscle strengthening,
stretching, and conditioning exercises can improve
strength and safety of mobility in frail elderly individuals
(Fiatarone et al. 1994). Indeed, frail nonagenarians who
participated in an 8-week program of high-intensity resis-
tance training increased their regional muscle mass, gained
in strength by an average of 175%, and improved their
walking speed by 48% (Fiatarone et al. 1990). Depression
may presage a decline in physical performance as well as
follow chronic disability in elderly persons (Penninx et al.
1998). Some studies suggest that aerobic exercise improves
sleep quality (King et al. 1997) and neuropsychological
testing subscores (Dustman et al. 1984).

Exercise programs that bring geriatric patients to-
gether in a social setting might lessen the likelihood of
physical decline and depressed mood. For many people, a
home-based program preceded by instruction is effective.
Rehabilitation interventions might have practical goals,
such as improving the elderly patient’s ability to cross a
street within the time limits of a stoplight, climb a flight of
stairs, get in and out of a car, or reduce back or leg joint pain
that interferes with mobility. A variety of approaches to
physical therapy are used.

Exercise and Compensatory
Functional Training

Most therapy programs emphasize education about im-
pairments and disabilities, compensatory techniques for
ADLs and mobility, and repetitive passive and active exer-
cises to progress from less complex to more functional
movements. In the therapeutic-exercise approach, residual
motor skills in affected and unaffected extremities are used
to compensate for impairments. The acquisition of
self-care and mobility skills may take precedence over the
quality of movement, as long as patients are safe. Up-
per-extremity splints, lower-extremity braces such as an-
kle-foot orthoses, and assistive devices such as walkers and
canes tend to be used early in treatment to promote
functional compensation. Therapists also make use of
general conditioning exercises and energy conservation
techniques.

Conditioning and Strengthening

Light resistance exercises are generally safe and effective in
improving strength and sometimes function in patients
with upper motor neuron (UMN) diseases or diseases of

the motor unit, including postpolio syndrome, amyo-
trophic lateral sclerosis, and myasthenia gravis (Agre et al.
1997; Damiano and Abel 1998; Dobkin 1993; Engardt et al.
1995; Milner-Brown and Miller 1988). Resistance exer-
cises can be carried out without an increase in spasticity in
patients with UMN diseases and without muscle injury in
patients with neuromuscular diseases. Along with specific
retraining programs, medications may be useful, including
hormones that limit disuse atrophy, such as androgens and
human growth factor (Roy et al. 1991), and drugs that act
on the neuromuscular junction, such as pyridostigmine; on
muscle, such as β2-adrenergic agonists (Signorile et al.
1995); or on demyelinated axons, such as the amino-
pyridines (Bever et al. 1996).

Fitness training is valuable and feasible in patients with
UMN, extrapyramidal, or motor unit diseases. For exam-
ple, treadmill walking has been used with success as an aer-
obic workout in elderly patients with hemiparetic stroke
(Macko et al. 1997).

Neurophysiological Approaches

Approaches have been developed that focus on enhancing
the movement of paretic limbs affected by UMN disease
(Dickstein 1989). These approaches use sensory stimuli
and reflexes to facilitate or inhibit tone, as well as sin-
gle-muscle and whole limb–muscle movements in and out
of mass actions called synergies. Some therapists try to ad-
minister therapy in a sequence reminiscent of the
neurodevelopmental evolution from reflexive to more
complex movements. Some techniques permit whereas
others inhibit spastic, overflow, or synergistic movements.
Mobility activities might be performed in a developmental
sequence, with the patient rolling onto the side, with arm
and leg flexion on the same side; then extending the neck
and legs while prone; lying prone while supporting himself
or herself on the elbows; doing static and weight-shifting
movements while crawling on all four extremities; sitting;
standing; and finally walking.

When these approaches have been compared with
other therapies in patients with stroke or cerebral palsy, no
real differences in outcomes related to gains in ADLs have
been found (Ashburn et al. 1993; Giuliani 1995). However,
movement, rather than specific ADLs, is taught in these
approaches, so perhaps outcome measures have been inap-
propriate. More important, the studies in neuroplasticity
reviewed earlier suggest that therapy structured around
learning new sensorimotor relationships in the wake of al-
tered motor control will be more effective than will meth-
ods that aim to foster a developmental sequence.
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Motor Learning and
Task-Oriented Practice

Another approach involves the use of visual, verbal, and
other sensory feedback to achieve task-specific move-
ments, rather than sensory stimuli to facilitate and inhibit
movement patterns (Lister 1991). The emphasis is on solv-
ing a motor problem rather than on relearning a particular
pattern of movement. Studies of motor learning in subjects
without brain injuries suggest that practice that is ran-
domly ordered and randomly reinforced produces better
posttraining retrieval than do repetitious drills and contin-
uous feedback. Only a few studies have compared these ap-
proaches in people with brain injuries, with the same re-
sults (Hanlon 1996; Winstein 1999).

Outcomes

Clinical trials that have focused on elderly patients with
particular diseases or risk factors for falls have generally
shown a significant functional benefit from physical and
occupational therapies during inpatient or outpatient re-
habilitation. For example, a meta-analysis of the seven ran-
domized trials of interventions to prevent frailty and falls
(Frailty and Injuries: Cooperative Studies of Intervention
Techniques [FICSIT]) pointed to the benefit of balance,
strengthening, and other exercises in terms of reducing
falls. Applegate et al. (1990) found that functional assess-
ment and a team approach to medical care, rehabilitation,
and psychosocial support were more effective in producing
gains in ADLs than was usual community care. Clinical tri-
als of exercise in patients with multiple sclerosis (Di Fabio
et al. 1998) or Parkinson’s disease (Comella et al. 1994;
Patti et al. 1996) pointed to the beneficial effect of an ongo-
ing strengthening and conditioning program on perfor-
mance of functional activities. Patients with dementia also
show physical benefits from an exercise program (Pomeroy
1993).

Rehabilitation outcomes for other common diseases
with neuropsychiatric sequelae, such as stroke, TBI, and
spinal cord injury, are affected by advanced age. Rehabilita-
tion team efforts, particularly assessments and functionally
oriented services performed in an organized way, appear to
improve outcomes in elderly stroke patients more than ef-
forts by less organized medical units involving less orga-
nized outpatient services (Hui et al. 1995; Indredavik et al.
1997, 1998; Kaste et al. 1995). Functional gains made dur-
ing stroke rehabilitation were maintained during 2 years of
follow-up in patients under age 70 and in patients 70 years
and older, although the older group had a greater risk of
death and placement in a nursing home (Borucki et al.

1992). After a traumatic head injury necessitating admis-
sion for rehabilitation, age greater than 60 years has been
associated with longer confusional states, slower recovery,
and worse overall outcome, but inpatient and lengthy out-
patient programs appear to improve outcomes (D. I. Katz
and Alexander 1994). Although the prognosis for func-
tional gains and 2-year survival is worse and the likelihood
of nursing home placement is greater after a spinal cord in-
jury in elderly patients than in patients under age 60
(DeVivo et al. 1990; Penrod et al. 1990), gains in ADLs are
common with rehabilitation efforts in elderly individuals.
Several randomized clinical trials of older persons with an
acute stroke demonstrate that both inpatient and outpa-
tient therapy that is task-specific in its treatment strategy
will lessen disabilities (Kwakkel 1999; Walker 1999).

Cognitive Rehabilitation

Cognitive disturbances are common in patients with re-
cent stroke, TBI, multiple sclerosis, Parkinson’s disease, or
degenerative brain disease. A prospective study of 227 pa-
tients with acute stroke revealed that 35% had measurable
cognitive impairments 3 months after onset (Tatemichi et
al. 1994) (see Chapter 27). In another study, cognitive de-
cline was observed 3 months after a stroke in 45% of pa-
tients ages 55–64 years and in 74% of those ages 75–85
years (Pohjasvaara et al. 1997). Cognitive dysfunction is es-
pecially common after TBI (see Chapter 28). Greater se-
verity and longer duration of impairments are associated
with lower Glasgow Coma Scale scores on admission for
acute care and longer duration of posttraumatic amnesia.
Greater severity of cognitive sequelae is strongly associ-
ated with age over 60 years (D.I. Katz and Alexander 1994;
Levin et al. 1990b). Up to one-half of patients with trau-
matic spinal cord injury, usually from falls or automobile
accidents in geriatric patients, will have cognitive impair-
ments from an associated TBI that may not be obvious
early in their care. Of course, any toxic-metabolic or infec-
tious disease will exacerbate cognitive disabilities. A blad-
der infection or a seizure, for example, often precipitates
greater confusion that can last days in a person with demen-
tia or aphasia. Some of the impairments that are often dealt
with by the rehabilitation team are listed in Table 39–4.
These impairments can also impede gains in mobility,
ADLs, and community reintegration.

The amount and rate of recovery of neuropsy-
chological functions vary with the patient’s age; the sophis-
tication of the measures used; the type and severity of im-
pairment; the type, severity, and distribution of lesions; and
the time since onset. Other more subtle factors, such as the
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interactions of pathologies, associated sensorimotor and
cognitive impairments, and premorbid intellect and educa-
tion, can affect the efficacy of a particular therapeutic ap-
proach, as well as the natural history of gains. Comparisons
between interventions are often confounded by differences
in intensity and duration of treatment, lack of specification
of the methods of treatment, differences in personal inter-
actions between therapist and patient, and the family’s
level of success in reinforcing desired behaviors.

Overview of Therapy

In addition to cognitive strengths and weaknesses, behav-
iors of everyday life must be assessed in a cognitive rehabili-
tation program for a geriatric patient. The assessment
should reveal functional capabilities, along with barriers to
normal functioning at home and in the community. Func-
tional goals are then set by the team of therapists and physi-
cians with the patient and his or her significant others.
Goals must be reasonable for the level of impairment and
disability of the individual patient at the time of the evalua-
tion. For a therapeutic approach to be effective outside the
hospital or clinic, interventions for neuropsychiatric prob-
lems need to be provided under conditions similar to those
of the patient’s normal environment. Trips to a grocery
store, a movie theater, or even the hospital cafeteria pro-
vide a chance for the patient and therapist to test the pa-
tient’s balance, walking ability, selective attention, ability
to plan, social communication skills, judgment, and com-
pensatory skills. Goals must be set within the constraints of
the amount of therapy available, the safest living arrange-
ment for the patient, the patient’s financial state, and the
availability of community supportive resources. For exam-
ple, if a patient with an elderly spouse is able to walk, eat,
toilet, and dress with supervision by the end of inpatient re-
habilitation for a stroke but acts impulsively and becomes
confused or delusional at night, a discharge to the home is
suitable only if the patient has a caregiver other than the
spouse, who cannot be expected to manage the patient.

General approaches to management include training
in particular functional adaptive skills, behavioral modifi-
cation, and remediation of specific cognitive processes. In
the adaptive approach, therapy is used in an attempt to cir-
cumvent the effects of cognitive impairments on targeted
daily activities. Repetition, internally generated and exter-
nally generated cues, and cognitive assistive devices are
used in training. Learning to perform a particular task usu-
ally does not mean that learning to perform other tasks not
closely related will follow. Behavioral modification techniques
are most often used in acute and transitional living settings
for patients with TBI. Rewards are given for accomplishing
a task or for reducing antisocial actions. In the cognitive
remediation approach, impairments identified by neuropsy-
chological testing are managed individually through ad-
dressing some of the components that make up a particular
cognitive skill. The emphasis of the techniques is on inter-
ventions that cause the patient to use intact cognitive skills
to help compensate for more impaired ones. Techniques
usually merge as the team experiments with interventions
that address the most difficult problems. Outpatients with
TBI are the most likely group to require multimodal pro-
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TABLE 39–4. Cognitive impairments managed
during rehabilitation

Language
Aphasia
Affective expression

Attention
Alertness
Speed of mental processing
Awareness of disability and impairment
Focused attention on single stimulus
Sustained attention to task
Selective attention during distraction
Divided or alternating attention among tasks

Memory
Retrograde and anterograde memory
Immediate, delayed, cued, and recognition recall

Learning
Visual learning
Verbal learning
Procedural/skills learning

Perception
Visual perception
Auditory perception
Visuospatial perception

Executive functions
Planning
Initiation
Organizational skills
Maintaining of goals or intentions
Conceptual reasoning
Hypothesis testing and ability to shift responses
Self-appraisal
Self-monitoring

Intelligence
Verbal intelligence
Performance
Problem solving
Abstract reasoning



grams that stress training in task-specific skills by
remediating techniques, awareness about impairments and
limitations, and skills needed for independent living and
work (Ben-Yishay and Diller 1993).

Aphasia, memory disturbances, and hemi-inattention
can cause great disability in older patients. Discussion of
these cognitive problems and rehabilitative approaches to
them follow.

Aphasia

Incidence. The reported incidence of language disor-
ders in patients with stroke or TBI has varied across studies.
In a British health district of 250,000 people, the number of
new cases of aphasia in patients with stroke was on average
202 per year (David and Enderby 1990). By 1 month
poststroke, 165 of the survivors were potential candidates
for speech therapy. In a prospective, community-based
Danish study of acute stroke, Pedersen et al. (1995) found
that 38% of 881 patients were aphasic on admission, and
aphasia was rated as severe on the Scandinavian Stroke
Scale in 20% of patients admitted. Nearly one-half of the
patients with severe aphasia died shortly after stroke onset,
and one-half of the patients with mild aphasia recovered by
1 week. Only 18% of survivors were still aphasic at the time
of their acute care and rehabilitation hospital discharge.
Patients received speech therapy as needed and were re-
tested at 2-week intervals for 6 months. In 95% of patients
with mild aphasia, the highest level of recovery was reached
at 2 weeks, whereas best gains were achieved at 6 weeks in
those with moderate aphasia and within 10 weeks in those
with severe aphasia. Only 8% of patients with severe apha-
sia fully recovered by 6 months. The best predictor of re-
covery was a lesser severity of aphasia close to the time of
the stroke.

Treatment. Twenty percent to 50% of patients with
aphasia have some features of the traditional aphasia sub-
types (e.g., nonfluent or Broca’s aphasia, fluent or
Wernicke’s aphasia) (Willmes and Poeck 1993). The tradi-
tional classification systems with their lists of broadly de-
fined features often do not take sufficiently into account
the underlying disturbances of language, so they may not
be optimal for directing rehabilitation treatment. The goal
of neurolinguistic assessment of aphasia is to specify prob-
lems occurring in the units of language, such as simple
words, sentences, and discourse. For each unit, the thera-
pist ascertains how the disturbance affects linguistic forms,
such as phonemes, syntax, and meaning.

Speech therapists most often attempt to find ways to
help patients compensate for defective language function.

These therapists use a wide variety of stimulation-
facilitation techniques, including visual and verbal cueing
during picture-matching and sentence-completion tasks,
along with frequent repetition and positive reinforcement
as the patient approaches the desired responses. Initial
treatments also involve tasks that relate to self-care, the im-
mediate environment, and emotionally positive experi-
ences. To prevent patient withdrawal and isolation, it is es-
pecially important to quickly find a way to obtain reliable
verbal or gestural yes–no responses. Behavioral techniques
can be used, particularly for patients with TBI, to help pa-
tients improve eye contact skills, initiate and stay on a topic,
learn to take turns during conversation, adapt to a listener’s
needs, and use speech to warn, assert, request, acknowl-
edge, or comment.

In addition to the stimulation-facilitation approach to
therapy, a variety of more or less well-defined theoretical
models for therapy have been proposed. Therapy tech-
niques have been designed for specific aphasia syndromes
and neurolinguistic impairments (Helm-Estabrooks and
Albert 1991; LaPointe 1990). Examples of a few of the spe-
cific approaches for particular problems follow.

The evidence for the efficacy of melodic intonation
therapy (MIT) is especially strong (“Assessment” 1994). In
MIT, the therapist and the patient melodically intone
multisyllabic words and commonly used short phrases
while the therapist taps the patient’s left hand to mark each
syllable. Gradually, the therapist stops intoning and tap-
ping. MIT works best in patients with Broca’s aphasia who
have sparse or stereotyped nonsense speech and good audi-
tory comprehension.

Patients in whom a single sound, word, or phrase over-
whelms any other attempted output can benefit from a pro-
gram for Voluntary Control of Involuntary Utterances. In
this type of program, pauses and other self-monitoring
techniques are used to help the patient gain control over
perseverative intrusions.

The agrammatism of Broca’s aphasia has been treated
using the Helm Elicited Language Program for Syntax
Stimulation, in which the goal is for the patient to build in-
creasingly more difficult syntactic constructions. The
therapist uses a standard series of drawings of common ac-
tivities and provides a brief verbal description that ends
with a question. The question contains a target phrase. The
patient tries to use and build on the words of the target
phrase in question. As the patient’s responses with target
words improve, the patient is asked to complete a story
about the drawings without having heard the target sen-
tence.

Some patients with minimal or stereotyped output and
impaired comprehension have improved with multi-
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ple-input phoneme therapy (Stevens 1989). In this 22-step
program, the therapist analyzes phonemes produced spon-
taneously by the patient and then attempts to elicit first a
target phoneme, then blends of consonants, then
multisyllabic words, and eventually simple sentences. In
another approach, some mute or nonfluent aphasic pa-
tients can acquire a limited but useful repertoire of gestures
using, for example, American Indian sign language.

Comprehension in patients with global or Wernicke’s
aphasia has been managed using the sentence-level audi-
tory comprehension program, in which patients are
trained to discriminate consonant-vowel-consonant words
that are the same or that differ by only one phoneme (e.g.,
bill, pill, and fill). Patients then try to associate word sounds
with the written form of the word and later try to identify
the target word embedded in a sentence. In patients with
global aphasia, visual action therapy (in which patients
learn to communicate through pantomime) has decreased
limb apraxia and improved auditory comprehension. In an-
other technique, the emphasis is on conveying of ideas in
face-to-face interactions, rather than on linguistic accu-
racy. The aim of this technique is to develop any modality
that can be used to transmit a message, including hand and
facial gestures and drawing.

Acquired dyslexia evolves into one of several varieties
that permit specific treatment approaches. In one subject
who had phonological dyslexia and read only common
whole words, training to go from spelling to sounding out
words that were read was associated with a change in brain
activation on functional MRI from the left angular gyrus to
the left lingual gyrus (Small et al. 1998). Computer soft-
ware has been designed to aid patients with specific lan-
guage impairments. For example, the computer provided
voiced and printed words along with concept images and
storyboards, and improved expressive communication
(Steele et al. 1992). Performance of visual-matching and
reading comprehension tasks on the computer improved
performance of several language tasks not involving a com-
puter (R.C. Katz and Wertz 1997).

Aphasia therapy always includes family training so that
those closest to the patient can provide the stimulation and
structured environment needed for maximal communica-
tion. Frustration and depression in the patient can be man-
aged with behavioral techniques and antidepressant medi-
cation (see Chapter 13).

Aging, as well as Alzheimer’s and Parkinson’s diseases,
is often accompanied by impairment in word finding, espe-
cially in the finding of proper names. Some of the interven-
tions just described may help, but rehearsal of a person’s
name before an anticipated meeting or, on making a new
acquaintance, repeating the person’s name a few times to

oneself and linking it to some related image seems to work
best. In some instances, a person with high-frequency sen-
sorineural hearing loss who begins wearing hearing aids may
realize thatheor shemaynothaveclearlyheardnamesofoth-
ers introduced in the past, which interfered with recall.

Outcome. The wide range of cognitive and linguistic
and nonlinguistic communication strengths and weak-
nesses of people with aphasia has made trials of interven-
tions difficult to perform and the results difficult to inter-
pret. Robey (1998) performed a meta-analysis of 55 trials
that met reasonable criteria for inclusion in this analysis of
studies of outcomes of speech therapy in patients with
aphasia after a stroke. Differences between treated and un-
treated patients were significant at all stages of recovery.
Better outcomes were obtained when therapy was started
in the acute stage. Treatments in excess of 2 hours per week
produced greater gains than did lesser amounts of therapy.
Patients with severe aphasia made large gains when treated
by a speech-language pathologist. A language stimula-
tion-facilitation technique was tested in enough cases for
the analysis to show its greater-than-average effect. There
were not enough studies to permit comparison of effects of
treatments across different types of aphasia. Family mem-
bers, under the direction of a therapist, have been shown to
be able to help patients progress.

Memory Disturbances

Memory disturbances can have a profoundly negative in-
fluence on compensation and new learning in patients un-
dergoing neurorehabilitation.

Incidence. The incidence of and risk factors for mem-
ory loss and dementia caused by one or more strokes have
become increasingly appreciated (Desmond et al. 1996;
Gorelick 1997; Henon et al. 1997; Kokmen et al. 1996;
Moroney et al. 1996; Pohjasvaara et al. 1997; Tatemichi et
al. 1992) (also see Chapter 23). The incidence of dementia
in population- and community-based studies ranges from
nine times greater in the first year after a stroke and two
times greater each subsequent year, compared with the ex-
pected incidence of dementia in an age-controlled group;
to an incidence of about 20% at 3 months after a stroke; to
an incidence of 30% among all stroke survivors in a popula-
tion survey. The frequency of dementia increases with in-
creasing age and varies with the definition used to desig-
nate dementia. Even mild aphasia may affect verbal
memory and can interfere with verbal learning during re-
habilitation (Ween et al. 1996).

Memory impairments after TBI have been related to
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the time from injury to assessment as well as to the nature of
the memory task and the severity of the injury. A group of
102 patients with TBI, ages 10–60 years, who were hospi-
talized after any period of unconsciousness or after
posttraumatic amnesia of more than 1 hour or with evi-
dence of cerebral trauma were examined at 1 and 12
months postinjury (Dikmen et al. 1987). At 1 month, these
patients scored significantly lower on the Wechsler Mem-
ory Scale and the Selective Reminding Test than did an
age-matched control group. Those who could not follow a
command for the longest duration of time beyond 24 hours
postinjury scored lower on more subtests of the Wechsler
Memory Scale, compared with control subjects. Tests of
orientation and short-term memory were not as sensitive
to memory deficits as tests that required storage of new in-
formation for later use. At 1 year, patients performed better
than they had 1 month after onset.

Treatment. Most rehabilitative techniques to im-
prove attention, encoding of new information, recogni-
tion, and retrieval have been developed for people with
TBI. However, the techniques are applicable to most geri-
atric patients with neuropsychiatric disturbances. Memory
interventions include methods to improve learning ability
and assist compensation through the use of memory aids.
Rehabilitation of some people with memory impairment
may require a different approach than usual. For example,
block practice with mass repetition of a drill improves per-
formance during the acquisition of a task or new informa-
tion in people with normal memory. However, long-term
retention is less compared with when random schedules of
practice are used. With contextual interference, in which
repetition is spaced out or several tasks are intermingled
during practice, performance may be worse in the short
term. Retention, however, and even generalization of per-
formance under different conditions will greater (Schmidt
1988). Frequency of feedback on performance must also be
addressed during training. In normal subjects, constant
feedback may improve immediate performance, but an in-
termittent schedule may improve long-term retention.
Much less is known about the optimal way to enhance
learning in a patient with an aged brain and with a focal or
diffuse brain injury or degenerative disease. Severely am-
nesic subjects learn poorly with trial-and-error training.
More frequent feedback that prevented errors was shown
to improve retention (Wilson et al. 1994). On the other
hand, a study of people with hemiparesis from a chronic
stroke revealed that sensorimotor damage to the brain ef-
fects the control and execution of motor skills but not the
ability to learn those skills (Winstein 1999).

Because there are differences in how implicit and ex-

plicit memories are retained, a variety of approaches to re-
training can be used. In priming, amnesic patients are ex-
posed to verbal and especially nonverbal information, and
then the patients are aided, through cues and prompts, in
recalling that information. Priming does not require se-
mantic processing for encoding. Priming is rather specific
to the particular properties of the input and relies on per-
ceptual representations stored by modality-specific mem-
ory subsystems, such as those that process word forms and
visual objects. Tests of recognition memory are especially
sensitive means of detecting residual memory in patients
with severe amnesia. This implicit memory can even sup-
port the rapid acquisition of novel verbal and nonverbal
material. The implicit memory system is independent of
the hippocampal and diencephalic structures that are af-
fected in amnesia (Musen and Squire 1992). Priming seems
particularly useful during rehabilitation to enhance proce-
dural memory for the acquisition of motor skills.

In cognitive remediation of amnestic disorders, patients
are trained in the use of the subcomponent processes that un-
derlie declarative and nondeclarative memory. Therapists
canthentakearestorativeorcompensatoryapproachtoaffect
particular memory skills for functionally important activities.
For example, Sohlberg and Mateer (1989) suggested address-
ing—in order—attentional impairments that could interfere
with memory training, through use of strategies to improve
focused, sustained, selective, alternating, and then divided at-
tention. Impairments in encoding and recall of information
are thenaddressedbyemployingassociativeandexternal cues
meant to prompt an action, with increasingly longer intervals
being used.

Many patients with moderate to severe TBI underesti-
mate their memory and emotional impairments, even as
they acknowledge physical and other cognitive problems.
They may deny having the impairment and withdraw or
become angry when attempts at rehabilitation are made.
The rehabilitation team must provide the counseling and
insight required to overcome this problem. Patients with
minor TBI often complain about difficulty in sustained and
alternating attention. They struggle to keep information
and tasks in mind when forced to deal with more than one
item at a time, and they quickly become fatigued when
working on a modestly demanding task. The same sort of
attentional and executive dysfunction may arise during ag-
ing and with neurodegenerative diseases. The most practi-
cal rehabilitative interventions for memory, attentional,
and executive dysfunction include the patient’s limiting
subjects to one task at a time, blocking out telephone calls
and other interruptions, and writing down the order in
which things need to be done.

In patients with moderate to severe TBI, even repeti-
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tive drills can have little impact on general recall or on
memory outside the training session. Patients can be
helped with external aids such as a calendar and appoint-
ment diary and internal strategies such as rehearsal and vi-
sual imagery. Some memory devices are listed in Table
39–5. Electronic pagers that carry messages (Wilson et al.
1997) or electronic calendars with alarms are especially
useful for reminding people to perform daily tasks.

Computers, which might one day serve as neural pros-
theses, have been tried out extensively in cognitive
remediation and skills training. Although software pro-
grams abound for working on reaction times, aspects of at-
tention, language, problem solving, and other cognitive
tasks, the efficacy of this approach has not been clearly
demonstrated. Some amnesic patients have been able to be
trained in tasks such as data entry, database management,

and word processing because of preserved cognitive abili-
ties, including the ability to respond to partial cues and ac-
quire procedural information (Glisky 1992). This
knowledge often will not be carried over when even modest
changes are made in the tasks. Through reliance on proce-
dural memory, verbal and visual mnemonic strategies have
been used to teach subjects a computer graphics program
(Prevey et al. 1991). Cooking and vocational tasks were
taught using an interactive software program that cued
each subtask in order to build up to the desired task (Kirsch
et al. 1992).

Studies involving single subjects and small groups have
suggested that some medications may benefit patients with
impairments in attention and memory. TBI may lead to
damage in a particular neurotransmitter system, such as
cholinergic neurons (Schmidt and Grady 1995).
Presynaptic cholinergic neurotransmitter concentrations
were abnormal in a human postmortem study of TBI
(Dewar and Graham 1996). Thus, cognitive rehabilitation
trials of cholinergic-enhancing drugs such as donepezil
and citicoline (Spiers et al. 1996) seem warranted. Neuro-
trophic factors have been shown in animal models of
trauma to protect cholinergic septal neurons from
apoptosis and to improve cognition (Sinson et al. 1997).
Replacement therapies for other neurotransmitters, such
as dopaminergic (Dobkin and Hanlon 1992; McDowell et
al. 1998) and noradrenergic agents (Mattay et al. 1996),
have a few human studies to commend them (Plenger et al.
1996; Powell et al. 1996). For example, bromocriptine im-
proved performances on prefrontal tests, such as tests in-
volving carrying out dual tasks, in patients with TBI who
had impaired capacities in working memory (McDowell et
al. 1998). The ampakines, a new class of drugs that enhance
AMPA receptor–mediated currents, show some promise in
improving encoding aspects of memory in people with nor-
mal memory and may be tried in those who need cognitive
rehabilitation (Ingvar et al. 1997).

Outcome. Memory-related processes tend to improve
in the first 3 months after a stroke, but the rehabilitation
team must be on the watch for any need of compensatory
aids or other strategies for patients with memory deficits.
After a mild TBI, memory usually recovers by 3 months.
The rate and degree of improvement noted varies with the
test used to measure severity, the time from injury to test-
ing, and the comparison group (Dikmen et al. 1986). One
year after severe closed head injury, patients whose case
data were entered in the Traumatic Coma Data Bank had
greater impairments in verbal and visual memory, as well as
other neurobehaviors such as naming items shown and
copying constructions with blocks, compared with healthy
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TABLE 39–5. Aids and strategies for patients with
memory impairment

External aids and strategies
Having others remind
Tape recorder
Writing note on hand
Time reminders

Alarm clock, telephone call
Personal organizer, diary
Calendar, wall planner
Orientation board

Place reminders
Labels
Codes (colors, symbols)

Person reminders
Name tags
Clothes that offer a cue

Organizers
Lists
Personal organizer, diary
Posted numbered series of reminders
Items grouped for use

Electronic pagers
Internal aids and strategies
Mental retracing of events
Visual imagery
Alphabet searching
Making associations to what is already recalled
Rehearsal
First-letter mnemonics
Chunking, grouping items



individuals (Levin et al. 1990a). Selective rather than global
cognitive impairments were likely at 1 year. Memory was
disproportionately impaired compared with overall intel-
lectual functioning in 15% of the moderately injured and
30% of the severely injured patients. Subjects in these stud-
ies did undergo rehabilitation, but no specific program was
provided to all patients.

Hemi-Inattention

Hemiattentional disorders can arise from injury within any
node in the cortical-limbic-reticular network that directs
attention and integrates the localization and identification
of a stimulus, as well its importance to the person (Watson
et al. 1994). Unilateral neglect arises from injuries to the
posterior parietal cortex, the prefrontal cortex that encom-
passes the frontal eye fields, and the cingulate gyrus; these
regions include representations for sensation, for motor
activities such as visual scanning and limb exploration, and
for motivational relevance, respectively. Subcortical areas
such as the thalamus, striatum, and superior colliculus co-
ordinate the distribution of attention. Atrophy of frontal
white matter and the diencephalon contributes to persis-
tent anosognosia (Starkstein et al. 1992). The anterior and
posterior extensions of a lesion could also produce impair-
ments in attentional and intentional processes that con-
tribute to neglect (D’Esposito et al. 1993).

Incidence. In a community-based study involving 281
patients who had had a first acute stroke 3 weeks earlier and
who had left or right cerebral lesions, visual neglect was de-

tected in 10% by having subjects copy a Greek Cross and
complete the Raven’s Colored Progressive Matrices
(Sunderland et al. 1987). Only about one-half had
hemianopsia or visual extinction. The neglect was modestly
associated with poorer ADL scores and slower recovery. Se-
vere neglect was rare beyond 6 months. In another study
(Stone et al. 1992), visual neglect, documented by a battery of
seven tests by 3 days after a stroke, was greater in right than in
left hemisphere cases. In this study and others, however,
right-sided inattention was detected in 15%–40% of
nonaphasic patients with acute left cerebral infarcts.

Treatment. The initial choice of intervention de-
pends on the proposed mechanism of unilateral neglect or
hemispatial inattention to which the team ascribes
(Halligan and Marshall 1994). For example, the patient can
be treated for an underaroused injured hemisphere that has
difficulty processing sensory inputs. A powerful bias of the
intact hemisphere for attention to contralateral space
could necessitate finding a way to lessen the imbalance.
Some patients have difficulty disengaging from sensory in-
puts. Other strategies might have to be developed if the
mental representation of contralesional space has been de-
graded or if a unilateral impairment in the activation of mo-
tor programs delays or prevents the intention to move to
the contralesional side. If the initial theory-based interven-
tion is not successful, others should be tried. Some of the
ways that clinicians have tried to manage hemi-inattention
are listed in Table 39–6. These approaches have not pro-
duced robust or consistent results.
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TABLE 39–6. Interventions for hemi-inattention

Intervention Study
Multisensory visual and sensory cues, then fading cues Ben-Yishay and Diller 1993
Verbal elaboration of visual analysis Hanlon and Dobkin 1992
Visual imagery Smania et al. 1997
Environmental adaptations Loverro and Reding 1988
Video feedback Tham and Tegner 1997
Monocular and binocular patches and prisms Butter and Kirsch 1992; Dobkin 1996a; Rossi et al. 1990;

Serfaty et al. 1995
Warning sound at time of left visual event Robertson et al. 1999
Left limb movement in left hemispace Robertson and North 1992
Head and trunk midline adjustments Karnath et al. 1991; Mennemeier et al. 1994; Simon et al. 1995;

Taylor et al. 1994; Wiart et al. 1997
Vestibular stimulation Rode et al. 1992; Rubens 1985; Vallar et al. 1990
Reduction of hemianoptic defects Kerkhoff et al. 1994
Pharmacotherapy Fleet et al. 1987
Computer training Gray et al. 1992; Robertson et al. 1990



Outcome. In most patients, hemiattentional disorders
improve or resolve without specific interventions. Persis-
tence of spatial hemineglect can increase disability. Of 150
consecutive patients with moderate disability after a new
stroke, 32% had visual neglect (Kalra et al. 1997). The ne-
glect was modestly associated with poorer ADL scores and
slower recovery, though severe neglect was rare beyond 6
months. In another study, only 14 of 84 patients with initial
neglect had Barthel Index scores indicating moderate or
severe dependence in ADLs in follow-up (Stone et al.
1993). Using data from the National Institute of Neuro-
logical Disorders and Stroke (NINDS) Stroke Data Bank,
Marshall et al. (1994) examined the effect of hemineglect
on the ADL scores at 7–10 days and 1 year after onset of a
first stroke. Patients who had anosognosia, visual neglect,
tactile extinction, motor impersistence, or auditory neglect
had the lowest Barthel Index scores at 1 year, even after ad-
justment for initial ADL scores and for poststroke rehabili-
tation.

Recovery from neglect has been reported to be most
rapid within the first 2 weeks, regardless of the side of the
stroke, and to plateau at 3 months, when most patients have
little visual neglect. Severe visual neglect and anosognosia
in the first week tend to predict some level of persistent im-
pairment at 6 months. Many patients have more subtle and
lingering impairments that are detected only with more
sensitive measures. For example, a group of patients with
right hemisphere stroke showed a strong, consistent right-
ward attentional bias soon after stroke onset, as well as an
inability to reorient their attention leftward (Mattingley et
al. 1994). Twelve months after onset, the attentional bias
continued, but they could fully reorient to left hemispace
when performing line bisection and cancellation pen-
cil-and-paper tasks.

Behavioral Disorders

Neurobehavioral and affective disorders can be a primary
focus of rehabilitation efforts after stroke and TBI and can
confound reintegration of a patient into the home or com-
munity.

Personality Disorders

Alterations in personality have been reported in up to 75%
of patients from 1 to 15 years after TBI and tend not to im-
prove beyond 2 years after onset (Van Zomeran and Saan
1990). In one study (Brooke et al. 1992a), agitated motor
and verbal behaviors—which are difficult to define and
treat (Fugate et al. 1997)—were found in 11% of patients

with TBI during inpatient rehabilitation, and restlessness
was present in 35% of patients. Agitation is an emotional
state that may include generalized or more focused fear and
anxiety, uncertainty, repetitive behaviors, restlessness, and
explosiveness. Agitated patients are not always aggressive.
Aggression is common in patients after serious TBI and can
be verbal or physical against self, objects, or other people
(see Chapter 22). As cognition improves, agitation de-
creases, but directed and nondirected aggressive, impulsive
behavior may evolve. Persistent aggression and emotional
dyscontrol suggest premorbid mood and behavioral disor-
ders (Fugate et al. 1997).

Interventions include a medical assessment to deter-
mine whether exacerbating problems such as pain and
drug-induced confusion exist, behavioral modification
with positive and consistently applied reinforcements, a
structured milieu, individual and group psychotherapy,
and pharmacotherapy. Hypoarousal sometimes improves
with administration of stimulants such as methylphenidate
and amphetamine or treatment with dopamine agonists.
Aggressive or agitated behavior is sometimes decreased by
blocking dopaminergic and noradrenergic receptors with
haloperidol or risperidone, each of which has a rapid ac-
tion. Buspirone can be useful for treating aggressive or agi-
tated behavior but may take a week or more to reach a ther-
apeutic level. β-Blockers can also decrease irritability. In a
randomized trial of propranolol with a dose escalation to
420 mg/day, there was a reduction in intensity of agitation,
but not frequency of episodes, compared with placebo in
patients with TBI (Brooke et al. 1992b). Hypomanic be-
havior may respond to lithium therapy. Anticonvulsants
such as carbamazepine sometimes prevent outbursts re-
lated to episodic dyscontrol.

Affective Disorders

Depression is very common after stroke (see Chapter 27).
In the community-based Framingham Study, depression
was diagnosed in 47% of 6-month survivors of stroke and in
25% of age- and sex-matched controls (Wolf et al. 1990). In
a population-based cohort of Swedish stroke patients
whose mean age was 73 years, the prevalence of major de-
pression was 25% at the time of hospital discharge, 30% at
3 months poststroke, 16% at 1 year, 19% at 2 years, and
29% at 3 years poststroke (Astrom et al. 1993). In this and
many other studies, a left anterior infarct, dysphasia, and
living alone contributed to depression at time of discharge.
At 3 months, greater dependence in ADLs and relative so-
cial isolation were associated with depression. Also con-
tributory were few social contacts at 1 and 2 years.

Anxiety is another stroke-related affective disorder
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(see Chapters 15 and 27). A generalized anxiety disorder
was present in 28% of patients with recent stroke and was
associated with greater social isolation and greater depend-
ence in ADLs (Astrom 1996). Apathy was found in about
one-quarter of patients within 10 days of a stroke. It was as-
sociated with greater cognitive impairment, poorer ADL
scores, and some major, but not minor, depression
(Starkstein et al. 1993).

Depression is diagnosed in 25%–60% of patients with
TBI (see Chapter 28) (Gualtieri and Cox 1991). Late-onset
depression has been associated with premorbid psychiatric
history and lower psychosocial function (Jorge et al. 1993).

Clinicians should manage mood disorders aggres-
sively, especially when progress in rehabilitation falls short
of expectations. Patients with depression may respond to
any class of antidepressant medications and require the
same care in dosing that is usually taken with any elderly
person (Lebowitz et al. 1997). The same medications can
help alleviate pseudobulbar emotional incontinence with
its involuntary weeping, grimacing, and laughing. Patients
must be closely monitored for adverse reactions to the anti-
depressants, including sedation; insomnia; anticholinergic
effects on the bowel, the bladder, and salivation; orthostatic
hypotension; cardiac arrhythmias; anxiety; extrapyramidal
symptoms; and serotonin syndrome (see Chapter 34).

Treatment of depression after stroke can be quite effec-
tive. In natural history studies, 60% of patients who were de-
pressed at less than 3 months after stroke onset were recov-
ered at 1-year follow-up (Astrom et al. 1993). About 20% of
patients were found to have a persisting generalized anxiety
disorder 3 years after a stroke (Astrom 1996).

Conclusions

A rehabilitation team with experience in the management
of physical, behavioral, and cognitive impairments and dis-
abilities can lessen the handicaps and social isolation expe-
rienced by some aging patients, especially those with acute
or chronic neuropsychiatric disease. Programs of physical
exercise and problem solving that promote more inde-
pendent ADLs and community activities can also lead to a
better quality of life.
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40
Ethical Issues

Peter J. Whitehouse, M.D., Ph.D.

Avariety of ethical issues confront geriat-
ric neuropsychiatrists and other health

care professionals caring for elderly persons with illnesses
that may affect decision-making abilities. Dealing with
conflicts of human values and with different views of what
it means to be a healthy human being is an important part
of the care. Yet it is this art, which is not well understood
or well taught, that differentiates the physician from the
technologist. Practicing this art in geriatric neuropsy-
chiatry raises special issues of relevance to healer, patient,
and society.

The practice of geriatric neuropsychiatry is challeng-
ing from an ethical point of view for several specific rea-
sons. First, much of ethics, particularly in the Western
world, is based on engaging a rational autonomous self
(Engelhardt 1996; Whitehouse and Deal 1995). Neuro-
psychiatric diseases threaten the rationality and autonomy
of our patients. Second, the later stages of life are associated
with specific concerns about quality of life and, eventually,

quality of death (Whitehouse and Rabins 1992).
Moral and ethical issues will become more prevalent in

the future practice of geriatric neuropsychiatry. One rea-
son stems from the fact that there will be a greater number
of older individuals, not only in the Western world but also
in countries that are currently less industrialized (see
Chapter 2). Thus, the ethical problems surrounding the
care of older patients with neurological and psychiatric dis-
ease will increase. A second reason that moral and ethical
issues will become more prevalent is that the revolution in
molecular medicine, particularly genetics, will continue to
lead to new technologies, with attendant moral issues (see
Chapter 38). Third, revolutions in health care system eco-
nomics, which are occurring, in part, in response to the
graying of our population, will themselves generate new
value conflicts for physicians and other providers.

The history of ethics extends back centuries—cer-
tainly most notably, in Western traditions, to the Greek
philosophers. It is beyond the scope of this chapter to

This work was supported by the National Institute on Aging, Sir John Templeton, and various grants from the pharmaceutical industry.
I thank Professor Stephen Post for his contributions to this chapter and dedicate this chapter to Professor Van Rensselaer Potter.
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review the world’s literature on how human beings have ex-
plored their differences concerning fundamental issues
about life. However, it is critical—particularly as our clini-
cal practices include patients from more and more ethnic
groups—that we respect the vastly different cultural beliefs
concerning self, family, community, society, and spirit. At
the same time, we need to recognize the universal issues
relevant to human beings with neuropsychiatric diseases.

The field of bioethics itself is new; the word bioethics
was not coined until 1970 (Brody 1992; Chambers 1998;
Fox 1990; Potter 1971, 1988; Reich 1995). A consideration
of this modern time may be most helpful to the geriatric
neuropsychiatrist to understand the current methods of
biomedical ethicists. But we must not forget, as physicians
and scientists frequently do, that these considerations oc-
cur in rich historical and cultural contexts.

Bioethicists are becoming more unified and the field is
becoming more professionalized, as illustrated by the
merging of several organizations to form the new Ameri-
can Society for Bioethics and Humanities. The field will
continue to evolve as members of this organization and
others consider the rules for specialization in clinical
bioethics consultation and the content of new doctoral
programs in bioethics. Defining the knowledge base of this
inherently interdisciplinary field is challenging. Tensions
exist between those who approach ethics through philoso-
phy and those who approach it through practical clinical is-
sues. There is much discussion within the field about the
future of bioethics, the emergence of bioethics as a profes-
sional field, and the contribution of bioethics to society
(Carter 1998; Pellegrino 1993). Issues associated with geri-
atrics and neuropsychiatry will play important roles in this
evolution of bioethics.

In this chapter, I first discuss the concept of bioethics
and consider its methods, particularly in relationship to
ethics consultations. I then review issues that arise in the
clinical practice of geriatric neuropsychiatry and issues that
arise in research. Finally, I discuss issues that will likely be
more prominent in geriatric neuropsychiatry and in bio-
medical ethics in years to come. One theme in this chapter
will be constant: an understanding of ethical issues requires
a knowledge of the science and practice of medicine, plus a
view of the broader social context combined with a passion
for human beings as individuals and humanity as a whole.

Some of the ethical problems that I discuss in this
chapter are general ones faced by all health care providers.
More attention is paid in this chapter to those issues spe-
cific to the practice of geriatric neuropsychiatry. It is, of
course, the patient populations (and, to a certain extent, the
types of research) that define the ethical problems that
need to be considered. I consider that the practice of geriat-

ric neuropsychiatry is focused on three broad groups of pa-
tients: those patients with mental retardation, those with
newly acquired cognitive impairments such as dementia,
and those with mental illness. Each of these groups brings
special issues to the table for ethical deliberation. Patients
with mental retardation have never had entirely normal in-
tellects and may never have been able to understand fully or
even appreciate that there are ethical issues involved in
their participation in research or their receiving of clinical
care. Patients with an acquired dementia may have had the
opportunity to write advance directives or at least to con-
verse with others about their health care. Patients with
mental illness, such as schizophrenia or depression, often
have fluctuating decision-making ability. Combinations of
mental retardation, dementia, mental illness, and other
conditions such as delirium can occur in individual pa-
tients. In the case of all three groups of patients, the care-
givers—either substitute decision makers by legal defini-
tion or close family members with intimate knowledge of
the patient and his or her values—play important roles in
the resolving of ethical dilemmas.

Methods in Ethics

As mentioned earlier, an ethical issue involves conflict of
human values or differences of opinion about what consti-
tutes good or poor quality of life. An ethicist assists others,
be they professionals or patients, in exploring and resolv-
ing such conflicts. What are the methods by which an ethi-
cist would accomplish this aim?

The dominant mode of ethical practice for those ex-
posed to contemporary bioethics is based on understand-
ing and application of three principles: autonomy, benefi-
cence, and justice (Beauchamp and Childress 1989). Each
ethical situation is analyzed in terms of these three ideas.
Autonomy refers to the preservation of the right of the indi-
vidual to make decisions about his or her life course. Benefi-
cence relates to the responsibilities of human beings to each
other, particularly the principle of nonmaleficence (i.e.,
doing no harm to others). Finally, justice involves extending
the scope of ethical analysis to include society, with ques-
tions asked about the fairness of health care decisions in
terms of their impact not only on the patient and the pa-
tient’s immediate family but on society at large.

In geriatric neuropsychiatry, these principles can be
applied in various ways. In clinical practice and research,
we wish to respect the rights of individuals to make their
own choices as much as possible. However, in the case of an
individual who is decisionally impaired, we need to con-
sider how to provide health care that reflects the values of
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the patient as expressed through a substitute decision
maker or that reflects consideration of the best interests of
the patient. In research, the principal issue is how to bal-
ance potential risk and benefit to the individual and to soci-
ety. As the number of elderly individuals with neuropsychi-
atric conditions increases, the issues of distributive justice
(e.g., in discussions of health care rationing) will become
more important. The question of how much health care
should be provided to individuals with severe dementia, for
example, might be considered with the concept of distribu-
tive justice in mind.

Although ethical analysis based on these three princi-
ples has been helpful, there are other ways of approaching
ethical issues. Another important approach is discourse or
communicative ethics (Post et al. 1994). In contrast to princi-
ple-based ethics—in which the focus is generally on ab-
stract principles and in which the ethicist may assume a phi-
losopher role rather than a more clinical role—discourse
ethics takes its cue from the practical, real-world struggle
that individuals face in the care of someone with a neuro-
psychiatric condition. The focus here is on the quality of
communication between the parties involved in the ethical
dispute. Ethics consultation frequently involves consider-
able effort to clarify the positions of the different parties in-
volved in a dispute and to facilitate more effective commu-
nication among these parties.

Two other methods in ethics that are relevant to physi-
cians are casuistry and narrative ethics (Jonsen and Toulmin
1988; Nussbaum 1992). In both these forms of ethical de-
liberation, the focus is on the life stories of the individuals
and groups dealing with value issues. The importance of
how a story is told is made clear with these approaches.
Much of medicine involves a stylized presentation of peo-
ple’s life histories. What is selected and what is ignored are
critical in the definition and resolution of ethical problems.
In both casuistry and narrative ethics, the true richness of
an individual life is stressed. The value conflicts involved in
a particular life situation are exceedingly complex. Any eth-
ics consultation should be undertaken with humility and
respect for this complexity.

There is a dynamic tension between ethics and law (see
Chapter 41). Practitioners, and especially ethicists, must be
aware of the laws of the various jurisdictions in which they
practice. Ethical issues are broader in scope and may not be
addressed by specific laws. However, it is often difficult to do
what is perceived to be right if it is different from what is legal.
Every health care organization has a set of ethical guidelines
concerning certain common clinical dilemmas such as “Do
not resuscitate”orders,medical futility, andphysician impair-
ment. Professional organizations frequently develop ethical
guidelines for their members as well.

Clinical Ethics

Diagnostic Disclosure

In geriatric neuropsychiatry, labeling an individual as a pa-
tient has ethical implications. Labeling an individual as
having a disease, such as schizophrenia, can profoundly af-
fect the behavior of other individuals toward this person.
What information should be provided to the patient and
his or her family concerning the diagnosis and prognosis is
often not clear. This is particularly true in the case of a con-
dition such as Alzheimer’s disease, with its grave prognosis.
Most physicians, at least in this country, support the princi-
ple of autonomy and believe individuals should be in-
formed of their diagnosis, but how much information
should be provided is often less clear. The clinician should
attempt to understand the patient and his or her family’s
prior understanding of the disease and share new informa-
tion on the basis of this understanding. The clinician must
also remember that what one tells people (or thinks one
tells) is often different from what is heard.

Selection of Therapeutic Agents

Geriatric neuropsychiatrists are able to suggest a variety of
interventions to patients with neurological and mental dis-
ease. Many of these interventions are nonpharmacological,
namely individual and group psychosocial therapies (see
Chapter 36). In many cases, the efficacy of these interven-
tions is not well understood. Selection of therapy is often
based on training biases or personal experiences as much as
on scientific findings.

The selection of medication is a similarly complex pro-
cess, in which trade-offs between different benefits and
side effects are made. Particularly in neuropsychiatry, with
the strong influence of pharmaceutical companies, physi-
cians must attempt to ensure that the decision to use partic-
ular medications is based on the best scientific evidence.

Physician involvement in the business of medicine also
raises ethical issues. Geriatric neuropsychiatrists who have
a financial interest in health care may have a conflict of in-
terest. Use of equipment or admission of a patient to a par-
ticular facility should not be determined by the financial re-
ward to the physician involved in the care of that patient.
Establishing appropriate guidelines for pharmaceutical
company involvement in the continuing education of phy-
sicians is a difficult task. Conflicts or confluences of interest
are part of life and are issues of growing importance in clin-
ical and research practice (Kodish et al. 1996).
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Managed Care

The business of medicine is rapidly changing. Physicians
have experienced a significant loss of control over the indi-
vidual care for their patients as care pathways, limited drug
formularies, and other mechanisms have been introduced
that limit physician choice in diagnosis and treatment. The
most startling change in the health care system in the
United States (similar forces are at work in all industrial-
ized countries) has been the introduction of managed care.
In a fee-for-service environment, the ethical dilemma fac-
ing physicians is that the more tests and interventions a pa-
tient undergoes, the more the patient’s physician’s income
is likely to increase. Thus, incentives exist for ordering
more tests and procedures rather than conserving diagnos-
tic and therapeutic resources. In managed care, in which a
certain dollar amount is provided to the health organiza-
tion for a specified set of health care benefits, the incentives
are reversed. It may be to the financial advantage of the
physician, or at least the health care organization with
which he or she is affiliated, if fewer tests and interventions
are performed and fewer hospitalizations occur. The ethics
of managed care is a growing part of biomedical ethics
(Berenson 1998) and is evolving as some of the original ex-
cesses of managed care (e.g., the gag rule to prevent physi-
cians from fully discussing treatment options with patients)
are being eliminated. The balance of power among the
forces at work—consumers, professionals, governments,
and the private sector—will continue to shift, to reflect, it is
to be hoped, wise social policies.

Driving health care reform in Western Europe, North
America, and Japan is the fact that health care costs are be-
coming an increasing burden on the economy. The grow-
ing number of older individuals, combined with lower
birth rates, creates dependency ratios with fewer workers
in the economy supporting more retirees. As the introduc-
tion of expensive technology continues, the dilemma be-
comes that of providing care in face of escalating costs.
Some form of health care rationing already occurs, as in the
state of Oregon, and such rationing will likely become
more common. Ideally, rationing should be based not only
on the cost of the intervention but also on the intervention’s
efficacy. Even efficacy (i.e., data adequate for regulatory
approval) is not enough, as effectiveness (i.e., contribution
to a meaningful population impact) is becoming a central
issue. Much of the practice of medicine is not based on re-
sults of well-controlled, randomized, double-blind trials.
Medicine is becoming more outcome-research based and
evidence based. However, randomized trials of all inter-
ventions that geriatric neuropsychiatrists wish to consider
offering their patients cannot be performed as they would

be too expensive. Outcome research will be helpful, but im-
proving society’s processes for long-term decision making
will be more critical. Thus, scientific and political pro-
cesses for weighing evidence and making decisions about
what interventions are effective and congruent with social
values will continue to be exceedingly complex (Bulger et
al. 1995).

Moreover, even when we have decided whether an in-
tervention is valued appropriately in terms of cost, ques-
tions remain: Who shall pay? Who shall be eligible for
these services? In the United States, we have been ambiva-
lent about whether a basic minimal package of health care
should be available to all, regardless of income, and if such a
package were made available, what mental health care
should be included.

These decision-making issues about allocation of re-
sources indicate that, in the future, the organizational as-
pects of health care may be as much a concern in bioethics
as bedside dilemmas. In general, ethicists—especially phy-
sician and other clinical ethicists—are used to focusing on
value conflicts in individual cases. In the future, value con-
flicts within and among organizations may well become
more important in the theories and practice of bioethics.
The use and distribution of power among the major players
in health care will be topics of particular interest (Brody
1992).

End-of-Life Care

A particularly important subject of ethical discussion for
geriatric health care providers is end-of-life care. Too often
in American medicine, there has been a preoccupation with
the goal of preventing death from illness (i.e., quantity
rather than quality of life). Physicians have considered
themselves failures when their patients died. However,
people do die, and older people are at more risk for death.
The fact that the hospice movement has grown is a good
sign. Some people believe that hospice care is appropriate
for those with conditions besides cancer, conditions in-
cluding severe Alzheimer’s disease (Post and Whitehouse
1998b; Whitehouse et al. 1996).

Major changes have also occurred in our country in at-
titudes toward physician-assisted suicide and euthanasia.
Geriatric neuropsychiatrists may become involved in de-
ciding whether specific treatments (or, for example, provi-
sion of food and fluids in the case of patients with severe de-
mentia) should be considered at the end of life. As a rule, all
of the current laws and regulations that relate to the issue of
euthanasia or assisted suicide require a patient to be com-
petent to participate in the procedure. In the future, we will
have to ask whether advance directives concerning eutha-
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nasia in later stages of severe neuropsychiatric disease are
appropriate means for expressing values of patients. The
Royal Dutch Medical Society is preparing a report on this
topic as it relates to patients with dementia or other neuro-
psychiatric conditions. The concept of human dignity fig-
ures large in this analysis of physician involvement and so-
cial sanctions of assisted death in patients with dementia.
Ethical exploration of the concept of dignity in health care
will be essential in the future (Moody 1998).

Advance Directives

The use of advance directives has been encouraged, for
good reason, by a variety of patient and professional groups
(see Chapter 41). It makes sense for individuals to express
in writing their wishes concerning care in circumstances in
which they may not be able to make their own decisions.
The rules regarding how advance directives should be
used, particularly in circumstances in which cognitive im-
pairment is involved, vary from state to state. The advance
directive can take the form of a living will, a document that
lists conditions or events that may occur in the future and
the patient’s desired responses to those situations. Another
form of advance directive is a durable power of attorney, by
which a patient appoints an individual who would make de-
cisions if the patient became incompetent. In my view, ad-
vance planning should incorporate both features. In the
event that the patient becomes incompetent, the clinician
can weigh the evidence from written documents concern-
ing the patient’s wishes and the wishes of the identified sub-
stitute decision maker. The surrogate decision maker can
make the decision on the basis of how he or she believes the
patient would have made the decision under the circum-
stances—a true substituted judgment. Another decision
standard is best interest, which reflects the surrogate deci-
sion maker’s views concerning what is judged optimal for
the patient at the time of decision making. Both forms of
reasoning are appropriate but should be made explicit be-
cause substitute decision makers may not entirely follow
the wishes of the impaired individual.

Geriatric neuropsychiatrists will have to ensure that
advance directives play an appropriate role in their provi-
sion of health care. Currently, only a relatively small num-
ber of individuals execute advance directives.

Competency Assessment

Geriatric neuropsychiatrists may be called on to attest to
the competency of patients (Appelbaum and Grisso 1995).
The declaration of competency is made by a judge. Ideally,
if the advance directives are used to identify surrogate deci-

sion makers, legal proceedings can be minimized. How-
ever, a durable power of attorney must be executed when
the patient is competent to designate such decision maker.
If the patient is already incompetent, the courts may need
to appoint a guardian.

A variety of approaches have been suggested for mak-
ing a recommendation to the courts about a patient’s com-
petency (see Chapter 41). Formal neuropsychological tests
can be administered, as can mental status tests with a focus
on judgment or problem-solving abilities. The clinician
can discuss with the patient circumstances that are similar
to the decision facing that individual and can evaluate the
patient’s ability to make judgments about these practical,
real-world problems.

Levels of competency are definable. At the lowest
level, the patient recognizes that there is a decision to be
made. Competency at higher levels (defined legally in a hi-
erarchical fashion) includes an understanding of the con-
texts and possible ramifications of decisions beyond the im-
mediate situation.

Also during the assessment for competency, the clini-
cian should assess who would be an appropriate surrogate
decision maker, should one need to be appointed by the
court. In situations in which the courts are involved, there
are frequently conflicts among family members. Assess-
ment of the family structure and process is as important as
assessment of the individual patient.

Ethical Issues in Research

Conflict of Interest

A variety of conflicts of interest can occur in research (Le-
vine 1998). When a professional is both a clinician and a re-
searcher, a conflict of interest exists. A clinician must con-
sider currently available therapies for his or her patient first
and participation by the patient in research second. Being
involved in research gives the professional the incentive to
recruit the individual into the protocol. This conflict of in-
terest should be made explicit to potential subjects and the
research team. If the conflict is of sufficient magnitude, an
independent individual should be assigned the role of ob-
taining informed consent. Clinicians and researchers alike
must recognize that patients and families often find these
conceptual differences between the roles of patient and
subject difficult to understand.

Financial conflicts of interest may also exist. Increas-
ingly, scientists and clinicians have financial stakes in the
performance of products being evaluated in research.
These stakes are frequently bigger for basic biological sci-
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entists, who may, for example, start biotechnology compa-
nies after making basic research discoveries. Clinicians
may, for example, consult for or obtain grants from phar-
maceutical companies whose products they are testing.
Most authors agree that there are different levels of conflict
of interest, the levels depending on the nature of the rela-
tionship and the amount of potential financial gain. Serv-
ing as a one-time speaker for a company is considerably dif-
ferent from being a major stockholder in that same
company. Research institutions of various kinds are re-
quired by granting agencies such as the National Institutes
of Health to have formal policies on this topic.

The procedure most widely used to address the prob-
lem of conflict of interest is disclosure. For example, a clini-
cian reporting the results of a study would identify support
from the pharmaceutical industry or elsewhere. Disclosure
is now required to the appropriate administrative structure
within the organization conducting research. The extent of
the disclosure (i.e., to whom and in what detail) can vary,
however, which is a problem. Writing down one’s conflicts
of interest on a piece of paper that is subsequently filed and
viewed by only a small group of people would hardly meet a
requirement for public disclosure.

A fine line will continue to exist between appropriate
and inappropriate conflict of interest. If we are to facilitate
academic, industry, and governmental collaboration, shar-
ing of resources and expertise is required. Thus, at least a
confluence of interest is necessary and desirable for ad-
vancement of science and treatment methods. On the other
hand, a few absolute proscriptions should probably exist.
For example, individuals who have major financial stakes
that depend on the profitability of particular products
should probably not be involved in testing them.

Research Design

Although not always seen as an ethical issue, the quality of
science proposed in a research project is of ethical concern
(Kass et al. 1996; Levine 1988). A requirement of research
design is that the experimental hypotheses actually be ad-
dressed by the study in an appropriate fashion. In other
words, the study should actually produce answers to (or at
least provide credible evidence relating to) important ques-
tions.

Certain specific aspects of the research design may also
be ethically problematic. I will use as examples two issues in
the field of Alzheimer’s disease, with consequences on
practice (see also Chapter 24).

One issue concerns the use of placebos. Donepezil, the
second drug approved for use as a symptomatic cognitive
enhancer in patients with Alzheimer’s disease, is viewed by

some as the pharmacological standard. Tacrine, the first
approved agent, had many side effects, and clinical and
market interest in tacrine did not match the interest in
donepezil. Given the efficacy of the standard drug
(donepezil), should equivalence studies (or studies with
similar designs) comparing other drugs with the standard
drug be performed instead of placebo-controlled studies?
This issue is complex and requires the defining of the clini-
cal standard of practice, as well as a consideration of the sci-
entific, and ultimately social, consequences of using de-
signs that do not incorporate placebos (Karlawish and
Whitehouse 1998).

Who should decide whether placebo use is appropriate
in trials involving patients with schizophrenia or dementia
is another facet of the issue of placebo use. Most ethical for-
mulations have focused on the role of clinicians and profes-
sionals in such social judgments. For example, the concept
of clinical equipoise asserts that there ought to be a condi-
tion of uncertainty about the state of knowledge in the
minds of practitioners. Thus, a randomized controlled trial
becomes essential for obtaining knowledge needed to ad-
vance practice (Karlawish and Whitehouse 1998). Com-
munity equipoise is an extension of clinical equipoise to in-
volve more than just clinical. I believe that assessment of
the state of the field and decisions concerning research de-
signs such as placebo-controlled trials should incorporate
the voices and values of patients and families as well as pro-
fessionals.

For example, representatives from the Alzheimer’s As-
sociation in Cleveland (Post and Whitehouse 1995), the
Alzheimer’s Society of Canada (Cohen et al. 1999), and
Alzheimer’s Disease International (Brodaty et al. 1999)
considered topics such as therapeutic goals, the role of spir-
ituality, and informed consent in research. A variety of ap-
proaches can be used to obtain grassroots input. Profes-
sional input should be combined with lay input to develop
new ways of analyzing issues. Eventually, approaches in-
volving computer networks may improve community dis-
course.

A second ethical issue that arises in therapeutic trials
involving patients with Alzheimer’s disease has to do with
drug therapies that are presented as more than symptom-
atic treatments of cognition, that is, as treatments that ac-
tually slow progression of disease. Studies have suggested
that treatment with estrogens, vitamin E, or anti-inflam-
matory agents may slow the deterioration (Sano et al. 1997;
Whitehouse 1998). Vitamin E is increasingly used in clini-
cal practice today with that therapeutic goal in mind. Con-
sensus has not been achieved, however, regarding how one
would design a study so that, after completion of the study,
a regulatory claim could be made that treatment with the
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study drug results not only in prolonged symptomatic im-
provement but also in alteration of the disease course
(Whitehouse et al. 1998). One design involves withdrawal
of a medication that has been demonstrated to be more ef-
fective in improving the patients’ symptoms than placebo.
The protocol to demonstrate a modifying effect on disease
course thus involves withdrawing the medication and ob-
serving what happens to the patients once the medication is
withdrawn. If the drug’s effects are purely symptomatic,
one would expect the conditions of the patients taking the
drug to deteriorate to the same level as those of the patients
who had been taking the placebo for the entire study. If
treatment with the drug has a prolonged or sustained bene-
fit, then the patients’ conditions might deteriorate but
would never fall to the level of those of the patients taking
the placebo. Thus, the ethical issue in this design is that one
must give a medicine, demonstrate that it is effective, and
then withdraw it to try to differentiate a symptomatic from
a sustained effect. Ultimately, a principal issue in research
ethics is the balance between opportunity and risk for the
individual and the benefits and dangers to society of certain
research policies and procedures.

Informed Consent

Clinical research is dependent on the obtaining of volun-
tary consent from informed patients. Federal guidelines
exist for research involving prisoners and children. How-
ever, attempts to develop such regulations for those with
mental illness, mental retardation, or cognitive impair-
ment have failed because of the political tensions between
the clinician-scientists and the patient groups. Scientists
have been concerned that regulations would impede scien-
tific progress, whereas the patient groups have been con-
cerned that subjects would not have adequate protection. A
variety of national and international groups are now exam-
ining the issue of informed consent in those who are
cognitively impaired. I and my colleagues have worked
with Alzheimer’s Disease International and the World
Health Organization to develop guidelines to educate eth-
ics review committees globally (Brodaty et al. 1999). In eth-
ical deliberations, the approval and monitoring of proto-
cols should be close to the patient, family, and community
(e.g., local ethics review committees) but should be guided
by broader global, societal, and cultural input. Most im-
portant in the United States are the efforts of the National
Bioethics Advisory Committee. The focus of these efforts
is on genetics (e.g., cloning) and participation in research
(e.g., informed consent and mental illness).

The issue of informed consent is complex because a va-
riety of different regulatory bodies—from national groups

such as the Office for Protection and Research and the Fed-
eral Drug Administration to state law and local ethical re-
view committees (institutional review boards)—are in-
volved in the area of informed consent. The basic standard
of practice is to assess whether a patient is competent to de-
cide on his or her own about participation and, if the patient
does not appear to be competent, to inquire of an appropri-
ate family member or other representative whether ap-
proval for participation should be granted. In practice, of-
ten two signatures are collected and the precise legal
standing of the substitute decision maker is not always
identified. Efforts to clarify the roles of proxy decision
makers are ongoing.

Questions relating to the issue of informed consent in-
clude the following: How should competence to make re-
search decisions be established? How should a surrogate
decision maker be identified? What are the absolutes (e.g.,
patients with cognitive incapacity should not participate in
risks research that has no possible therapeutic benefit) that
can help the surrogate decision maker decide what kinds of
research should or should not be permitted? Finally, what
kinds of monitoring should be performed to ensure that in-
formed consent is obtained correctly and adequate in-
formed consent is obtained (and the actual study is con-
ducted well)?

Future Ethical Issues

As discussed earlier, ethical issues in geriatric neuro-
psychiatry are evolving rapidly, for several reasons. First,
the science surrounding geriatric neuropsychiatry is excit-
ing and is likely to lead to findings that have important
therapeutic and diagnostic implications. Second, the pop-
ulation with geriatric neuropsychiatric conditions is grow-
ing. Third, the field of biomedical ethics itself is evolving,
and topics that relate directly to geriatric neuropsychiatry,
from genetic testing to health care rationing, are being ad-
dressed. In this section, I review some of the important is-
sues that are likely to become more prominent in the near
future.

It is likely that different genes that either cause or in-
crease susceptibility to a variety of neuropsychiatric condi-
tions will be identified (Gershon et al. 1998) (see Chapter
38). This is particularly the case in neurodegenerative dis-
eases, such as Alzheimer’s disease and Huntington’s disease
(Post and Whitehouse 1998a). In the case of autosomal
dominant forms of these diseases, presymptomatic genetic
testing is already theoretically feasible in families with spe-
cific identified mutations. Guidelines have been created for
such testing, which provide family members at risk with
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information about the presence or absence of the specific
mutation. However, although many potential patients ini-
tially express interest in this type of testing, relatively little
presymptomatic testing has been done, at least for Alzhei-
mer’s disease.

Another area of genetics that will be problematic is the
identification of further susceptibility loci. For example,
one locus in Alzheimer’s disease on chromosome 19, the
apolipoprotein E (APOE) gene, modifies the risk of indi-
viduals having Alzheimer’s disease (see Chapter 24). Being
APOE4-positive makes a diagnosis of Alzheimer’s disease
more likely if cognitive impairment is present. Testing for
the autosomal dominant mutations and susceptibility loci
is available commercially. Strong statements have been
made in support of their current use (often by those who
have a financial stake in this use). Yet susceptibility testing
is fraught with scientific as well as ethical difficulties. A
principal problem relates to the extent to which research
samples are representative of patients most likely to be seen
by clinicians. For example, there is evidence to suggest that
the increased risk associated with being APOE4-positive
varies with gender and ethnic background. If the ethnic
background of the clinician’s patient is different from those
of research samples, the clinician may find it impossible to
assign a specific risk in association with an APOE4-positive
state. Confidentiality is also an issue. For example, should
insurance companies have access to genetic information
that might allow them to prevent an individual from ob-
taining health care insurance or at least to charge higher
premiums?

Related to the use of genetic testing in living patients is
the use of genetic material from tissue specimens obtained
from persons while still alive or at autopsy. There are a
number of questions regarding this issue: Should research-
ers who obtain genetic material be able to use this material
for research in areas that are different from the areas speci-
fied by the patient? How long should tissues be stored?
What rights should patients have to profits from the com-
mercialization of any technology developed in association
with the use of the patients’ tissue? Genetic issues in geriat-
ric neuropsychiatry will continue to yield questions relat-
ing to individuals’ rights and social justice.

Another trend is the consideration of broad cultural is-
sues when ethical issues in neuropsychiatric disease are
considered. Already, multisite, multinational studies are
often conducted in which protocol approval needs to be
obtained from ethics review boards representing many dif-
ferent nationalities and cultures. Even within the United
States, with its diverse populations, different cultural atti-
tudes toward research and therapeutic goals are evident.
The attitudes of African Americans are still affected by the

Tuskegee “experiments.” In this long-running study, black
men with untreated syphilis were observed even after peni-
cillin (an effective agent against syphilis) was discovered.
The revelations of the National Radiation Research Re-
view Committee suggest the problems of obtaining ade-
quate informed consent and monitoring studies are still
with us (Faden 1996). In the study described, adults and
children with or without mental impairment were exposed
to radiation in various forms without being told the risks or
even that they were being exposed to radioactive sub-
stances.

Moreover, because of a variety of factors, principally
the financial health of individual nations, the standard of
practice may vary in different countries. Here are a few ex-
amples: There is considerable controversy concerning
AIDS research in African nations that do not have access to
the modern medications that are available in the United
States. Given that the standard of care is different in Africa,
is it acceptable that studies be done in Africa that would be
considered unethical in the United States? In the case of
Alzheimer’s disease, treatment with donepezil may become
such a standard of practice in the United States that con-
ducting placebo-controlled studies may be viewed as un-
ethical. Could an American scientist then conduct pla-
cebo-controlled research in a country where this use of
donepezil had not been approved or where it had been ap-
proved but the drug was not affordable for a large segment
of the population? A critical issue in this area of interna-
tional ethics is the relative benefit to various parties, espe-
cially the developing country that is the site of the research.

Finally, it is likely that the discipline of bioethics will
continue to evolve in ways that will affect geriatric neuro-
psychiatry practice. Modern medical bioethics evolved
from considerations of the impact of medical technologies.
For example, the Kennedy Institute, which was founded in
1970, used the word bioethics in its title and was principally
organized to address ethical issues associated with the care
of patients with mental retardation and the use of repro-
ductive technologies. However, the original formulation of
bioethics by Van Rensselaer Potter involved a much
broader vision of the relationship between science and phi-
losophy and between biology and values. Potter’s vision
was that bioethics would be a bridge to the future. His
bioethics was rooted in land and environmental ethics
(McKim 1997). Potter and I developed the idea of creating
a bridge between medical and ecological ethics. The sur-
vival of human beings and other species, along with envi-
ronmental stewardship, ought to be the principal focus of a
deep bioethics (Potter and Whitehouse 1998; Whitehouse
1998). The word deep in deep bioethics is borrowed from the
phrase deep ecology, which is used to describe the approach
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in which we are to look beyond the numerous individual
environmental crises and develop a vision of our individual
and species’ relationships to nature. Scientific and certain
religious beliefs have been interpreted as granting permis-
sion to dominate natural processes. Like Potter, deep ecol-
ogists ask us to develop individual creeds to guide our own
behavior as citizens and professionals. As a species, we
should view ourselves as stewards rather than controllers of
nature.

In the future, greater concerns will be raised regarding
the deterioration of our environment, partly occurring as a
result of scientific “progress.” The growth of the world’s
population continues to be a concern. A special part of this
growth is the increase in the proportion of elderly individu-
als. Thus, the ethically appropriate and wise use of our sci-
entific knowledge and technology will be critically impor-
tant. However, thoughtless application, purely for short-
term economic progress and without regard for long-term
consequences, will be the death of civilization and perhaps
our species.

The next millennium will bring revolution in the bio-
logical and informational sciences. Geriatric neuro-
psychiatry will remain an exciting field but will remain a re-
ally important one only if we balance our passions for
scientific progress and professional security with sincere
and genuine humility regarding our role in the community
of human beings and other living creatures.
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41
Competency and Related

Forensic Issues

J. Edward Spar, M.D.

Neuropsychiatric illness in elderly pa-
tients commonly leads to abnormalities

in mood, memory and other cognitive functions, and the
ability to perform activities of daily living. When these
deficits become grossly evident, concerns about the men-
tal capacity or competency of the affected individual tend
to arise. Health care providers may question the patient’s
ability to give informed consent for medical treatment or
to make end-of-life decisions regarding resuscitation and
life support. Attorneys may become concerned about fu-
ture challenges to the provisions of wills, gifts, and trusts,
and concerned friends or relatives may recommend that
durable powers of attorney be executed or may contem-
plate guardianship or conservatorship. If the impaired pa-
tient has a driving-related mishap (e.g., gets lost or has an
accident), his or her competency to drive may be chal-
lenged, and the right to drive may be lost.

In this chapter, I first consider the broad legal con-
struct of mental capacity or competency (the two terms, as well
as the term competence, are used interchangeably here) and
then discuss the specific social contexts in which the geriat-
ric neuropsychiatrist is likely to perform a contemporane-
ous or retrospective evaluation of competency. Several re-

lated forensic issues (e.g., limitations on the requirement
for informed consent, elder abuse, and undue influence)
are addressed in this discussion.

CAVEAT: For purposes of illustration and discussion,
I refer in this chapter to California law. Because statutory
and governing case laws differ considerably from state to
state, the reader is strongly urged to check the law applica-
ble to his or her jurisdiction.

What Is Competency?

In the literature on competency, the term competency is gen-
erally used in reference to decision making and communi-
cating capacity. The President’s Commission for the Study
of Ethical Problems in Medicine and Biobehavioral Re-
search (President’s Commission 1982) defined competency
as “the ability to make autonomous decisions; to reason and
deliberate and to understand and communicate informa-
tion; and the possession of goals and values” (p. 57). Hoge
et al. (1997) defined decisional competence as “the capacity to:
understand information relevant to the issue at hand; think
rationally about alternative courses of action; appreciate
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one’s situation as a person confronted with a specific deci-
sion; and express a choice among alternatives” (pp.
146–147).

The presence of terms such as ability and capacity in
statutory definitions of competency has an important prac-
tical implication. The court in Estate of Jenks made the dis-
tinction (as it applies in the testamentary context) thus: “It
is the generally recognized rule that testamentary capacity
requires only that the testator have capacity to know and un-
derstand the nature and extent of his bounty, as distin-
guished from the requirement that he have actual knowledge
thereof” (Estate of Jenks 1971, emphasis added).

It is a presumption in common law that every adult is
competent for all legal purposes until proven otherwise,
and a formal, legally binding determination of incompe-
tency can be made only by a court. Still, the vast majority of
competency determinations are informal and are made by
physicians, attorneys, police officers, and other profes-
sional and nonprofessional workers in the course of every-
day practice. Physicians and other health care professionals
make competency judgments when they seek informed
consent for risky or invasive medical procedures, lawyers
informally assess their clients’ competency before taking
on estate planning assignments or when designing a crimi-
nal defense, and police officers make implicit judgments of
competency when deciding whether certain detained indi-
viduals should be taken to the police station for booking or
to the local emergency room for psychiatric evaluation.

The consequences of a formal determination of in-
competency are generally twofold. On the one hand, as an
instance of the state acting in parens patriae (as a “benevo-
lent parent”), the judgment confers certain protections:
appointment of a conservator or guardian protects the in-
dividual from the consequences of his or her own poor fi-
nancial decisions, or inability to secure food, clothing,
shelter, or medical care; and a judgment of lack of contrac-
tual capacity may excuse an individual from the perfor-
mance required of an otherwise valid contract. On the
other hand, the individual found to be incompetent also
pays a price for this protection, namely the loss of certain
rights of self-determination, such as the rights to accept or
refuse treatment, to enter a plea or to stand trial, to enter
into contracts, and to make a will. Some formal judgments
of incompetence derive more from the police power of the
state and are legitimized by society’s concern for the poten-
tial victims of the incompetent individual. A finding of in-
competence in this context is likely to involve involuntary
hospitalization or medical treatment. By contrast, informal
judgments of incompetency generally lead to the with-
holding of certain professional services, at least until fur-
ther steps are taken.

Formal competency determinations are made in both
criminal and civil contexts. Although geriatric neuro-
psychiatrists are relatively unlikely to become involved in
the criminal justice system, this chapter would be incom-
plete without at least a brief consideration of criminal com-
petency. A more detailed and comprehensive discussion of
civil competency follows this section on criminal compe-
tency.

Competency in Criminal Law

Mr. J, an 83-year-old retired attorney, had early vascular
dementia when the Securities and Exchange Commission
initiated an investigation of insider trading. By the time the
commission had compiled enough evidence to prosecute
him, Mr. J’s cognitive function had deteriorated dramati-
cally. He was disoriented to year, month, season, and date;
did not know his address or telephone number; and had
moderate to severe impairment of new learning, recent re-
call, and remote memory. He was unable to name any pres-
idents including the current one, even when given clues,
and could not recall the names of any of his past employers
or the ages of his children, the names of their spouses, or
whether they had children. A neuropsychiatrist consulted
by the court opined that Mr. J lacked the capacity to stand
trial or to plead guilty.

In the criminal context, the two major types of competency
have traditionally been competency to plead guilty and compe-
tency to stand trial. In Dusky v. United States (1960), the Su-
preme Court stated that a defendant is competent to stand
trial if “[the defendant] has sufficient present ability to con-
sult with his lawyer with a reasonable degree of rational un-
derstanding—and . . . a rational as well as factual under-
standing of the proceedings against him.” According to this
definition, both decisional competency and actual under-
standing are required. In the case cited above, the neuro-
psychiatrist opined that Mr. J did not meet either of these
criteria. Given that defense attorneys question their cli-
ents’ ability to meet the Supreme Court’s standard in
8%–15% of felony cases, it has been estimated that 25,000
competency evaluations of criminal defendants occur per
year (Hoge et al. 1997), making this by far the most com-
mon formal determination of competency. In 1993, the Su-
preme Court held that competency to plead guilty and
competency to stand trial are in fact the same (Godinez v.
Moran 1993). Issues related to this “composite” compe-
tency, which has been termed adjudicative competence by
Hoge et al. (1997), have led to the creation of a substantial
literature on the topic (review of which is beyond the scope
of this chapter, as are the related issues of diminished
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capacity and the insanity defense), aimed at the problem of
specifying criteria, screening for, and ultimately determin-
ing adjudicative competence in criminal defendants. Hoge
and colleagues (1997) provided a review of this topic.

Competency in Civil Law

The types of civil competency most likely to concern geri-
atric neuropsychiatrists are competency 1) to give in-
formed consent for medical care, 2) to execute an advance
directive, 3) to give informed consent for enrollment in a
study, 4) to enter into (and be held accountable for) a con-
tract (contractual capacity), 5) to execute a will (testamen-
tary capacity) or trust, 6) to provide self-care (provide one-
self with food, clothing, shelter, and medical care), and 7) to
manage one’s finances.

Competency to Give Informed
Consent for Medical Care

The capacity to give informed consent for medical care is
probably the most studied of all the varieties of civil compe-
tency. Four components of decisional competency in the
medical setting were distinguished by Appelbaum and
Grisso (1988) and have been accepted by most authors: the
ability to communicate a choice, to understand relevant
information, to appreciate the situation and its consequences,
and to manipulate information rationally. Though seemingly
straightforward, this definition raises several questions. First,
it is not always clear what “rationally manipulating informa-
tion” means; it has been often noted that the treating physi-
cian is most likely to conclude that the manipulation is not ra-
tional if the outcome of the manipulation (i.e., the patient’s
decision to accept or reject the proposed intervention) does
not agree with what the physician believes makes the most
sense. On this point Appelbaum and Grisso (1988) stated:
“Rational manipulation involves the ability to reach con-
clusions that are logically consistent with the starting pre-
mises. This requires both weighing the risks and benefits of
a single option and the usually more complex process of
weighing multiple options simultaneously . . .” (p. 1636).
The notion of appreciation may also be obscure to many
clinicians. Schaffner (1991) defined appreciation as “not
only factual understanding and rational manipulation of
the information, but an additional facility for applying gen-
eral information to particular circumstances and for com-
prehending the crucial nature of certain data” (p. 255), and
Appelbaum and Roth (1982) stated that “ ‘appreciation’ is
taken to be an affective, as well as a cognitive, recognition of
the nature of the situation” (p. 955).

A thornier problem in the application of the four com-
ponents of decisional competency is the question of
operationalization, that is, what observable criteria would
satisfy the definitions of the relevant terms. That is, with
the meaning of the terms having been clarified, how does
the clinician determine whether understanding and appre-
ciation are present or rational manipulation of information
is actually taking place? A potentially important step to-
ward resolution of this problem was taken by Grisso and
colleagues (1997), who developed the MacArthur Compe-
tence Assessment Tool-Technique, a semistructured inter-
view procedure that guides clinicians and patients through
a process of disclosure of information related to informed
consent, and an assessment of patients’ capacities to make
decisions based on the information. Information specific to
the patient’s situation is used, and only 15–20 minutes are
required for the procedure. Preliminary data obtained us-
ing this instrument in patients with schizophrenia and
schizoaffective disorder suggest that it has acceptable reli-
ability, validity, and clinical feasibility. However, the au-
thors recognized that the elements of decisional compe-
tence assessed by this instrument “are not the only factors
in ultimate clinical or legal judgments of competence” and
anticipated that the main use for the tool would be in “the
midrange of ambiguous cases of competence . . . especially
when clinicians have reason to believe that their judgments
might later be questioned—for example, in legal proceed-
ings about a patient’s capacity to decide or about the rea-
sonableness of a clinician’s decision to accept a patient’s de-
cision or to turn instead to a surrogate” (Grisso et al. 1997,
p. 1419)

Capacity is only one of three equally important com-
ponents of informed consent for medical care. The Presi-
dent’s Commission (1982) concluded that the patient must
be provided with appropriate information regarding the
recommended medical intervention (the categories of in-
formation required by California law are listed in Table
41–1) and that the consent must be given voluntarily—that
is, it cannot be a result of coercion or threats (discussed in a
later section).

Even when a proposed medical intervention is associ-
ated with enough risk to warrant seeking informed consent
from the patient, there are limits to the kind and amount of
information that the clinician must provide, and there are
circumstances in which the intervention may proceed
without informed consent. In nonemergent situations,
courts have ruled that physicians have the responsibility to
exercise “therapeutic privilege”—that is, to approach the
process of obtaining informed consent in a clinically sensi-
tive and appropriate manner. Natanson v. Kline (1960) es-
tablished that a clinician should provide the information
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that the hypothetical “reasonable medical practitioner”
would provide to his or her patient. But in Canterbury v.
Spence (1972) the court turned this reasoning around, con-
cluding that the person receiving the information (the hy-
pothetical “reasonable person”) should determine what in-
formation is provided. In both of these landmark cases, the
notion of reasonability was used in setting lower and upper
limits on the information imparted; that is, too much infor-
mation was considered possibly to be as unreasonable as
too little information. In Natanson v. Kline, the court noted
that full disclosure “could so alarm the patient that it
would, in fact, constitute bad medical practice,” and in
Canterbury v. Spence the court recognized that, for some pa-
tients, disclosing certain information could “foreclose a ra-
tional decision, or complicate or hinder the treatment, or
perhaps even pose psychological damage to the patient.” In
a 1985 Massachusetts case (Precourt v. Frederick), the court
was even more explicit, stating: “A physician is not required
to inform a patient of remote risks” and “There must be a
reasonable accommodation between the patient’s right to
know, and fairness to physicians and society’s interest that
medicine be practiced . . . without unrealistic and unnec-
essary burdens on practitioners.”

Informed consent is generally not required in an emer-
gent situation, in which significant harm would come to a
patient (or to others, in the case of a violent patient) if the
intervention were delayed so that informed consent could
be obtained. Under these circumstances, the principle of
implied consent applies—that is, the physician may per-
form the intervention to which a reasonable, self-
interested patient would consent, given the opportunity.
Similarly, if the patient is unconscious or otherwise incom-
petent to participate in the consent process, and no substi-
tute decision maker (e.g., guardian or conservator, attor-
ney-in-fact for health care, or, in some jurisdictions, next of
kin) or advance directive is available, the physician may ad-

minister appropriate treatment until the patient is able to
consent. In California, emergency medical care is defined as
“those medical services required for the immediate diagno-
sis and treatment of medical conditions which, if not imme-
diately diagnosed and treated, could lead to serious physi-
cal or mental disability or death” (California Health and
Safety Code § 1799.110b; see also California Probate Code
§ 3210). However, the definition of emergency may differ in
other jurisdictions, and the reader is advised to check appli-
cable local law.

Competency to Execute an
Advance Directive

Mrs. R, an 88-year-old woman with advanced Alzheimer’s
disease, was admitted to a long-term care facility. As was
routine at the facility, on the day of admission Mrs. R was
asked to execute a durable power of attorney for health
care, appointing her daughter as her attorney-in-fact. She
complied, and later that day Mrs. R’s daughter was ap-
proached for consent to administer neuroleptic medica-
tions to her mother. Is anything wrong with this picture?

Advance directives are legal instruments intended to en-
sure that appropriate decisions regarding medical care are
made when a patient becomes incompetent to give in-
formed consent. The Patient Self-Determination Act
(Omnibus Budget Reconciliation Act of 1990), which be-
came federal law on December 1, 1991, mandates that hos-
pitals, nursing homes, and other health care organizations
provide information to patients concerning availability
and use of these instruments.

There are generally two types of advance directives:
proxy directives, such as the durable power of attorney for
health care (DPAHC) or health care proxy, and instruction
directives, such as the living will. DPAHC allows an individ-
ual (the principal) to authorize another person, usually a
family member or spouse (the attorney-in-fact), to give or
withhold consent for medical care for the principal if the
principal becomes incompetent: “A durable Power of at-
torney is a power of attorney by which a principal desig-
nates another his attorney in fact and the writing contains
the words, ‘This power of attorney shall not be affected by
disability of the principal,’ or ‘This power of attorney shall
become effective upon the disability or incapacity of the
principal’ or similar words showing the intent of the princi-
pal that the authority conferred shall be exercisable not-
withstanding the principal’s subsequent disability or inca-
pacity” (Uniform Durable Power of Attorney Act). Some
states have enacted similar laws creating the health care
proxy.
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TABLE 41–1. Requirements of informed consent:
what patients must be told about a
proposed treatment

The nature and seriousness of the illness, disorder, or defect
that the person has

The nature of the medical treatment that is being
recommended by the person’s health care providers

The probable degree and duration of any benefits and risks of
any medical intervention that is being recommended by the
person’s health care providers, and the consequences of lack
of treatment

The nature, risks, and benefits of any reasonable alternatives

Source. Data from California Probate Code § 813.



A living will, a document that is created by an individ-
ual when he or she is of sound mind, specifies the limits of
care to be given by health care providers if the individual
“become[s] unable to participate in decisions regard-
ing . . . medical care.” One widely circulated version (the
source of the previous quotation and available from the So-
ciety for the Right to Die, 250 West 57th St., New York,
NY 10107) directs the attending physician “to withhold or
withdraw treatment that merely prolongs . . . dying” if the
individual develops “an incurable or irreversible mental or
physical condition with no reasonable expectation of re-
covery.” It also has a section in which the individual can
specify particular treatments that he or she does not want,
as well as particular preferences regarding treatment and
the end of his or her life (e.g., the preference to die at
home).

There are clear advantages and disadvantages to both
types of directives. A proxy has much more flexibility than
an “instructive” has, and a proxy can respond to circum-
stances that may not have been anticipated by the principal.
On the other hand, a proxy can also betray the trust of the
principal by making decisions that the principal would not
have endorsed. In some states, a living will and DPAHC or
health care proxy can be combined, resulting in an instru-
ment that requires the attorney-in-fact or proxy to follow
the provisions of the living will and authorizes the exercise
of his or her judgment in circumstances not covered by the
will.

Obviously, advance directives are intended to be exe-
cuted when the principal is competent to give or withhold
consent for medical care, and one might think that the stan-
dard for competency to execute an advance directive would
be the same as the standard for competency to consent to
medical care. Yet California law states: “A natural person
having the capacity to contract may execute a power of attor-
ney” (California Probate Code § 4120, emphasis added).
However, different standards for competency to execute an
advance directive may obtain in other states. Therefore,
depending on the prevailing definitions of capacity to give
informed consent to medical treatment and capacity to ex-
ecute an advance directive, the long-term care facility’s
handling of Mrs. R (in the previous case example) could be
appropriate—that is, she could simultaneously have the ca-
pacity to execute a DPAHC and not have the capacity to
consent to treatment with a neuroleptic. In a similar vein,
the powers of the attorney-in-fact differ from state to state.
California law prohibits the attorney-in-fact from con-
senting to placement in a mental health treatment facility,
convulsive treatment, psychosurgery, sterilization, or
abortion (California Probate Code § 4722) and also pro-
hibits the attorney-in-fact from consenting to health care

or consenting to the withholding or withdrawal of health
care “necessary to keep the principal alive, if the principal
objects to the health care or to the withholding or with-
drawal of the health care. In such a case, the case is gov-
erned by the law that would apply if there were no durable
power of attorney for health care” (California Probate
Code § 4724). This section appears to reflect the will of the
California legislature that individuals retain the authority
to make end-of-life decisions, even if they are incompetent
to make other medical decisions.

Much has been written about the question of which
rules should govern the decisions of substitute decision
makers such as attorneys-in-fact. The prevailing view is
known as the doctrine of “substituted judgment,” accord-
ing to which the substitute decision maker should act, as
much as possible, in accordance with the wishes, values,
and goals of the principal. The alternative, “best interests,”
approach calls upon the substitute decision maker to per-
form an “objective assessment of the burdens and benefits
for this patient” as the basis for his or her decision (Fellows
1998, p. 924). The court in a New Jersey case (In re Conroy
1985) spelled out a three-step protocol for analyzing the
patient’s wishes. First, consider any statements or other di-
rectives made by the patient. If these are not conclusive,
then attempt to deduce the patient’s wishes from his or her
more generally held values, religious beliefs, and so on.
Finally, if these steps leave the issue in doubt, revert to what
a person in the patient’s situation might reasonably choose.

Competency to Consent to
Enrollment in a Research Study

The considerations just discussed regarding competency
to consent to medical care generally apply to competency
to consent to enrollment in a study. Before an investigator
can claim to have secured informed consent, the subject
must have been supplied with appropriate information,
voluntary consent must have been obtained, and the subject
must have been considered competent. In 1982, the Presi-
dent’s Commission clearly spelled out the disclosures re-
quired under ordinary circumstances (Table 41–2), and in
1996, the Food and Drug Administration published an “ex-
ception to informed consent” rule intended to govern re-
search conducted in medically emergent circumstances
(Federal Register 1996). To date, however, no comparable
guidelines have been articulated for the conduct of re-
search using cognitively impaired (marginally competent
or frankly incompetent) subjects in nonemergent situa-
tions, although the National Bioethics Advisory Commis-
sion (created by President Clinton in 1995) is in the process
of drafting a report on this issue (Marwick 1998). Such
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guidelines are likely to have important implications for re-
search involving patients with dementia.

Several authors have addressed the problems associ-
ated with the use of proxy decision makers for incompetent
research subjects. Kapp (1994) identified three “axes” of
concern. The first axis is the question of who should act as a
proxy decision maker for the impaired research subject,
how that person should be selected, and what procedural
safeguards should exist to prevent exploitation of the sub-
ject by the proxy. In order of decreasing formality, the ap-
proaches he discussed included 1) appointment (by a court)
of a regular guardian with explicit authority to consent to
the principal’s participation in research; 2) appointment
(by a court) of a guardian ad litem (a person appointed to act
on behalf of a principal for a specific task) with explicit au-
thority to consent to the principal’s participation in a par-
ticular research project; 3) execution (when the principal is
clearly competent) of a durable power of attorney for re-
search participation, in jurisdictions where such an instru-
ment is available; 4) reliance on the informed consent of
family members, in states that have statutes authorizing
family members to act as proxies for health care decisions in
the absence of an advance directive; and 5) reliance on the
informal informed consent of family members, in states
that do not have statutes authorizing family members to act
as proxies for health care decisions in the absence of an ad-
vance directive. Of these, Kapp clearly endorsed the third
approach, considering the fourth a backup procedure and
the first an approach of last resort. The second axis of con-
cern is the proxy’s role and the criteria to be used to make
decisions regarding research participation. Kapp agreed
with most authorities that the proxy should first protect the
subject from harm, but Kapp stated that as long as the
wishes of the subject on this point were clear, substituted
judgment could permit the proxy to accept whatever de-

gree of risk the subject would have accepted, had he or she
been competent. The third axis of concern is the type of re-
search and the kind and quantity of risk to the sub-
ject—both considerations, in Kapp’s view, being proper
foci of the attention of proxy decision makers.

Bonnie (1997) expanded on Kapp’s third-axis con-
cerns, recommending that institutional review boards fol-
low the “operative standard of informed consent used in
everyday clinical and research practice[, which] varies ac-
cording to the degree of risk” (p. 110). Bonnie suggested
that proxy decision makers be used to provide concurrent
authorization for research participation by impaired sub-
jects who are capable only of assenting and, in some cases,
even for participation by those fully capable of informed
consent (a kind of reverse second opinion). For example, an
85-year-old, mildly cognitively impaired patient agrees to
participate in a clinical trial of a cognitive-enhancing medi-
cation. The investigator believes that the patient is capable
of giving informed consent for study participation and ob-
tains that consent but also obtains written informed con-
sent from the attorney-in-fact for health care. The latter
consent serves as a confirmation of the investigator’s judg-
ment that the patient’s consent is a true expression of the
patient’s goals and values.). Bonnie also stated that statu-
tory authorization of family members to act as proxies for
health care decisions in the absence of an advance directive
“can reasonably be construed to cover research with poten-
tial therapeutic benefit that is properly linked with clinical
care, and the statutes can be amended to clarify their appli-
cation to research settings” (Bonnie 1997, p. 110).

Competency to Enter Into a
Contract or Make a Gift

Mr. M, an 86-year-old developer who owned a chain of
long-term care facilities, was dying of lung cancer. Shortly
before his death, his 51-year-old wife of 10 years convinced
him to transfer all of his assets to her in exchange for a very
modest monthly stipend. The execution of the transfer
took place in Mr. M’s hospital room and was attended by
several attorneys, who had the foresight to have the pro-
ceedings videotaped. After Mr. M died, his daughter chal-
lenged the transfer on the basis of the claim that he lacked
contractual capacity. A neuropsychiatrist reviewed his
medical records, which clearly documented moderately
severe delirium on the date of the videotape session, and
also reviewed the videotape, which equally clearly demon-
strated Mr. M’s distractibility, inattention, recent memory
impairment, and obvious lack of understanding of the
meaning and consequences of the transfer.

Whereas the traditional view of contract versus property
law distinguishes between the “future orientation” of con-
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TABLE 41–2. Disclosures required for research
subjects

The fact that research is being performed and the purposes
of the research

Reasonably foreseeable risks
Reasonably expected benefits
Appropriate alternatives
A statement about the maintenance of confidentiality
An explanation about possible compensation if injury occurs,

in cases of research involving more than minimal risk
Information about how the subject can have pertinent

questions answered
A statement about voluntary participation, indicating that

refusal to participate involves no penalties or loss of benefits



tracts and the “present orientation” of a gift, competency to
enter into a contract and competency to give a gift during
one’s lifetime (inter vivos) are treated as essentially the
same in contemporary legal literature (Meiklejohn
1988–1989). Geriatric neuropsychiatrists are likely to be-
come involved in legal action related to contractual compe-
tency in two situations: 1) when an individual who has en-
tered into a contract or made a gift (the grantor) attempts to
escape responsibility for the future performance de-
manded by the contract or to retrieve assets already trans-
ferred per the terms of the contract or gift, on the basis of
the claim that he or she lacked contractual competency at
the time; and 2) when the establishment of a conservator-
ship of estate (discussed shortly) is under contemplation by
a court because a proposed conservatee is thought to be un-
able, on the basis of mental incapacity, to manage his or her
finances or resist fraud or undue influence. Although
courts have the authority to grant exceptions in specific
cases, the establishment of a conservatorship generally cre-
ates an irrebuttable presumption that the conservatee lacks
contractual and donative (but not testamentary) capacity.

Definitions of contractual capacity vary widely by juris-
diction. The Restatement (Second) of Contracts (1979)
provides as follows: “A person incurs only voidable con-
tractual duties by entering into a transaction if by reason of
mental illness or defect (a) he is unable to understand in a
reasonable manner the nature and consequences of the
transaction, or (b) he is unable to act in a reasonable manner
in relation to the transaction and the other party has reason
to know of his condition.” But until 1996, California law
stated: “A person entirely without understanding has no
power to make a contract of any kind” (California Civil
Code § 38) and “A conveyance or other contract made by a
person of unsound mind, but not entirely without under-
standing, made before his incapacity has been judicially de-
termined, is subject to rescission” (California Civil Code
§ 39a). In part because of the vagueness of this standard, a
new section (California Civil Code § 39b) was added to the
California code (as part of the Due Process in Competence
Determinations Act) in 1996. This section is intended to
anchor contractual capacity to the statutory definition of
persons who qualify for a conservatorship of estate. It
states: “A rebuttable presumption affecting the burden of
proof that a person is of unsound mind shall exist if the per-
son is substantially unable to manage his or her own finan-
cial resources or resist fraud or undue influence.” This stat-
ute provides a partial remedy for situations in which an
individual, typically elderly and cognitively impaired, who
qualifies for but has not (yet) been provided a conservator
of estate has entered into an unwise contract (e.g., for un-
needed home improvements) because of impaired judg-

ment. If it can be proven that a conservatorship could have
been established, the usual assumption that every adult is
competent for all legal purposes is reversed, and the other
party to the contract must prove that the elderly individual
possessed contractual capacity (Hankin 1995).

Mr. K, a 92-year-old man with early Alzheimer’s disease,
had been a shrewd and successful businessman in his
youth. Within the past 2 years, he had invested a large
amount of money in an extremely unwise business venture
of a distant friend and had loaned large sums of money to
several acquaintances without securing collateral and, in
one case, with no documentation at all. His oldest son peti-
tioned the probate court to appoint a conservator of estate.
After appointing an attorney for Mr. K and obtaining a
psychiatric evaluation, the court complied, over Mr. K’s
objection. The conservator immediately initiated legal
proceedings under California Civil Code § 39b to rescind
the prior investments and recover some of the assets that
had been loaned away.

When a claim of contractual or donative incompe-
tency is adjudicated, courts tend to give substantial weight
to facts besides the degree of mental impairment of the
grantor, such as the substantive fairness (i.e., the terms of
the contract or gift, as opposed to the procedural fairness)
of the transaction in question. In other words, the fact that
the grantor agreed to an obviously bad deal may be re-
garded as evidence supporting the claim that the grantor
was incompetent.

Competency to Make a Will

Mr. R, an 84-year-old retired tractor repairman, owned a
small house in the countryside, where he had lived alone
for almost 50 years. His cousin Lem was his only living rel-
ative. Mr. R had moved to a board-and-care facility at the
onset of cognitive decline, and after several years he de-
cided to write a will leaving his house to Lem. The attorney
called in by the board-and-care facility at Mr. R’s request
recognized that Mr. R was obviously cognitively impaired
and arranged to have Mr. R evaluated by a geriatric
neuropsychiatrist. Mr. R was found to be severely impaired
in all cognitive spheres, with a Mini-Mental State Exam
score of 10 and comparably low scores on several supple-
mentary standardized instruments. But when asked about
his will, Mr. R said, “When I die, I’m leaving the house to
my cousin Lem. It’s all I got, and Lem is my only family. I
want it that way in my will. That’s all.” During an
hour-long interview, Mr. R added little to that remark but
said nothing suggestive of delusional thought.

Most states define testamentary capacity as the capacity to
“understand the nature of the testamentary act, understand
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and recollect the nature and situation of his or her prop-
erty, and remember and understand his or her relations to
his or her living descendants, spouse, and parents, and
those whose interests are affected by the will.” Some states
require only one or two of these criteria to be met, and
many states also require that “the testator [be] also free
of . . . delusions or hallucinations [that] result in the per-
son’s devising his or her property in a way which, except for
the existence of the delusions or hallucinations, he or she
would not have done” (California Probate Code § 6100.5).
In general, if lack of testamentary capacity is proven, the
entire will or codicil (modification to an existing will) is in-
valid. Testamentary capacity is generally recognized as
“only a modest level of competence (‘the weakest class of
sound minds’)” (Estate of Rosen 1982), and legal presump-
tions relating to this competency have traditionally also
helped to set the bar fairly low. Accordingly, despite ad-
vanced dementia, Mr. R clearly met these criteria for testa-
mentary capacity.

Besides the general presumption that the testator was
competent at the time the will was executed, it has also been
stated that “when one has a mental disorder in which there
are lucid periods, it is presumed that his will has been made
during a time of lucidity” (Estate of Goetz 1967). The trend
of more recent cases, though, has been toward increasing
recognition that—at least in the case of progressive ill-
nesses, such as Alzheimer’s disease and vascular demen-
tia—once testamentary capacity has been lost, it is unlikely
to return, even for brief periods.

Despite the fact that testamentary capacity is a low
standard, wills are vulnerable to challenge if an aggrieved
party can produce any evidence of mental impairment in
the testator, and a medical record containing the mere di-
agnosis of a neuropsychiatric illness is almost always
enough, all things else being equal, to encourage contes-
tants to proceed. Although it is common knowledge among
neuropsychiatrists that a diagnosis alone does not imply
any particular level of intellectual function or automati-
cally determine the presence or absence of any type of com-
petency, many judges, attorneys, and juries are not in pos-
session of this insight and may need to be educated through
expert testimony.

In many will contests, the allegation that the testator
lacked testamentary capacity at the time the will was exe-
cuted is accompanied by the allegation that the will, or
parts of it, is the product of undue influence. Because testa-
mentary capacity is such a low standard, and because pro-
spective evaluation of the testator is rarely performed (and
if it is, it is almost always at the request of a competent testa-
tor or by his or her anticipated beneficiaries), it is usually
very difficult to prove that a testator did not possess testa-

mentary capacity at the precise moment that the contested
will was signed (executed). Accordingly, an allegation of
undue influence often proves to be the stronger case for the
contestant. Any part of a will that is proven to be a result of
undue influence is overturned, but the remainder remains
valid if the will without the influenced provisions still
makes sense and the testator otherwise had testamentary
capacity. Undue influence is discussed later in this chapter.

Competency to Execute a Trust

Trusts are increasingly popular instruments with which to
determine the disposition of one’s assets after death, and to
that extent a trust serves the same function as a will and the
relatively low standard for testamentary capacity should
apply. But even if it did, the testamentary standard of un-
derstanding the nature of the testamentary act would al-
most always require more intact intellectual function than
that required for a will because trusts are generally more
complicated than wills, with more, and more detailed, pro-
visions. Moreover, whereas a will is simply a piece of paper
with a set of instructions, a trust is a more abstract entity
that requires relatively intact higher intellectual functions
to grasp. Some courts have differentiated the standards of
competency for trusts and wills on the basis of the fact that
establishing a trust entails a step in addition to merely sign-
ing a set of instructions: the creator of the trust must also
transfer his or her property to the trust. This act would
seem to require contractual or donative capacity, which is
widely but not universally regarded as a higher level of
competency than mere testamentary capacity. (For exam-
ple, in Citizen’s National Bank v. Pearson [1978], the court
stated: “Greater mental capacity is required to make a deed
than is required to execute a will.”) Another path to the
same conclusion is the argument that because the trustee is
endowed with the authority to enter into contracts involv-
ing the trust assets, the creator of the trust should possess
contractual capacity. The question regarding which stan-
dard applies to trusts may admit of different answers, de-
pending on the specific details of the trust and the state in
which it is created. An approach under development in Cal-
ifornia is to require contractual capacity for the creation of
a trust and testamentary capacity for execution of amend-
ments to a trust that affect only the after-death disposition
of the trust estate.

Undue Influence:
The Question of Voluntariness

As mentioned earlier, the question of undue influence is
commonly raised in conjunction with a claim of lack of tes-
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tamentary capacity and in connection with contested
trusts, contracts, and gifts. Susceptibility to undue influ-
ence is also one of the criteria for establishment of a conser-
vatorship of estate in California and some other states, and
the underlying question of voluntariness is also relevant to
the issue of informed consent for medical care. Yet, undue
influence is a complex and poorly defined legal concept at
best. In the legal literature, the question of undue influence
tends to be reduced to the “will substitution test”—that is,
was the testator’s mind so controlled by another person
that his or her will is actually the will of another person?
Depending on the situation, this “will substitution” may
require an element of “coercion, compulsion, or restraint,”
as in the testamentary context, or merely consist “1) [i]n the
use, by one in whom a confidence is reposed by another, or
who holds a real or apparent authority over him, of such
confidence or authority for the purpose of obtaining an un-
fair advantage over him; 2) [i]n taking an unfair advantage
of another’s weakness of mind; or, 3) [i]n taking a grossly
oppressive and unfair advantage of another’s necessities or
distress” (California Civil Code § 1575) with regard to con-
tracts. Courts generally approach the issue of undue influ-
ence from two closely related legal perspectives, each of
which can be thought of as a legal “theory” of undue influ-
ence. Although the assumption that undue influence is
wielded by a stronger party to the detriment of a weaker
party is common to both, the presumption model and the
susceptibility model differ in their relative weighting of the
evidence (Wrosch 1992). In the presumption model, the
evidence focused on is the relationship between the donor
and the receiver of the gift or bequest. In some jurisdic-
tions, the mere existence of a confidential and trusting rela-
tionship, such as that between an elderly patient with neu-
ropsychiatric illness and his or her primary caregiver, may
be enough to shift the burden of proof to the recipient, who
then must prove that undue influence did not occur. The
presumption of undue influence is strengthened if the do-
nor is mentally weak; a diagnosis of mental illness or retar-
dation is generally adequate to support this claim, and in
some cases even recognition that the donor is passive or
manipulable will suffice. The presumption of undue influ-
ence is also strengthened if the recipient is a clerical,
church, or spiritual adviser who fails to ascertain that a do-
nor has received competent and independent advice, or if
the recipient actively procures the gift or bequest, or if the
recipient unduly benefits from the gift or bequest.

A somewhat weaker set of factors are widely regarded
as indicia (that is, they serve to strengthen a claim of undue
influence but do not, by themselves, establish a presump-
tion) of undue influence in a testamentary context. These
include “unnatural provisions in the will, provisions in the

will that are inconsistent with prior or subsequent expres-
sions of the testator’s intentions, and a relationship be-
tween the testator and the beneficiary that created an op-
portunity to control the testamentary act“ (Spar and Garb
1992).

In the susceptibility model, the focus is more on the
relative mental weakness of the donor or testator. But even
if it is shown by clear and convincing evidence that the do-
nor or testator was susceptible to undue influence (for ex-
ample, by expert neuropsychiatric testimony that the do-
nor or testator was mentally impaired), it would still be
necessary to show that some kind of improper influence
was exerted by the recipient and that the influence sufficed
to replace the will of the donor or testator with that of the
recipient.

In both the presumption and susceptibility models, a
diagnosis of neuropsychiatric illness in the allegedly in-
fluenced party will generally support a claim of undue in-
fluence, but such a diagnosis is rarely more than just one
consideration of many. Singer (1992) identified six addi-
tional factors that “are prominent in undue influence sit-
uations. They are the production of isolation, the
creation of the ‘siege mentality,’ the fostering of depend-
ence, the creation of powerlessness, the use of fear and
deception, and keeping the victim unaware of the manip-
ulative program put into place to influence and control
the person and to obtain the signing of documents which
benefit the manipulators at the cost of the signer” (p. 8).
These factors notwithstanding, it is important to re-
member that influence, even that which is clearly coer-
cive, is not undue if it does not change the preexisting
disposition of the testator. That is, if the bequest or gift
would have been made anyway, absent the influence,
then no undue influence has occurred. Obviously,
knowledge of the testator’s long-term wishes and inten-
tions is critical to the establishment of this defense.

Geriatric neuropsychiatrists are likely to become in-
volved in undue-influence evaluations in the clinical con-
text when an individual is believed by friends or family to be
vulnerable to exploitation and a conservatorship or guard-
ianship of estate is under consideration. A typical situation
involves an elderly divorced or widowed person with vascu-
lar or Alzheimer’s dementia who has fallen under the sway
of a much younger individual who has gradually taken over
many caregiving functions and, in some cases, has even be-
come romantically involved with the elderly person. Par-
ticularly if there is no close family, or if preexisting family
dynamics are distant or conflictful, it may be an easy matter
for the younger person to create several of the circum-
stances listed by Singer (1992). Naive family members may
exacerbate the situation by opposing the relationship or by

Competency and Related Forensic Issues 953



suggesting that mental impairment is present, both of
which responses may facilitate the creation of the siege
mentality. Inappropriate gifts, excessive payments for ser-
vices rendered, new trusts and wills, and even late-life mar-
riages are typical results of this situation, especially if there
are substantial assets. This scenario presents a major di-
lemma for lawmakers, adult protective service workers,
and the courts. Establishment of a conservatorship may
protect whatever assets are left by the time the court has
acted, but it is not a particularly effective remedy for al-
ready lost assets. Laws against fiduciary abuse may serve
the function of intimidating some victimizers, but even this
approach is often too little, too late. At the same time, social
and legal preventive and remedial maneuvers must also
take into consideration the fact that older individuals, even
those with neuropsychiatric illness, can make authentic,
reasoned changes in their long-held values, and some
May-December romances are real.

Competency to Care for
Oneself and Manage One’s
Finances

Laws exist in all 50 states and the District of Columbia pro-
viding for the appointment by a court of a guardian or con-
servator for persons found incompetent to care for them-
selves or manage their finances. In California, the term
conservator is used for both the individual appointed to
make personal decisions (conservator of person) and the indi-
vidual appointed to make financial decisions (conservator of
estate), but in most states the former is called a “guardian.”
(California reserves the term guardian for minors.) Criteria
for appointment of a conservator of person or estate (both
roles may be assumed by the same person) are as follows: a
conservator of person “may be appointed for a person who
is unable to provide properly for his or her personal needs
for physical health, food, clothing, or shelter” (California
Probate Code § 1801[a]), and a conservator of estate “may
be appointed for a person who is substantially unable to
manage his or her own financial resources or resist fraud or
undue influence” (California Probate Code § 1801[b]).
These criteria clearly refer to complex social behavior
rather than to the cognitive (i.e., decisional) impairments
that presumably underlie the functional deficits. In some
states, a more cognitively oriented definition is used, fol-
lowing the Uniform Probate Code (§ 5-103), which defines
an incapacitated individual as someone who is “impaired by
reason of mental illness, mental deficiency, physical illness
or disability, advanced age, chronic use of drugs, chronic
intoxication, or other cause (except minority) to the extent
that he lacks sufficient understanding or capacity to make

or communicate responsible decisions concerning his
person.”

In general, the powers of the conservator of person and
the conservator of estate are quite broad: the conservator of
person has the power to make decisions regarding place of
residence and administration of medical care, and the con-
servator of estate has the power to manage property, assets,
and income (this includes the power to enter into contrac-
tual arrangements on behalf of the principal). In Califor-
nia, the conservator of person can consent to medical care,
but not over the objection of the conservatee, unless the
court has granted general or specific medical power—that
is, the power to consent to all medical care (general power)
or to consent to a specific treatment (specific power) even
over the objection of the conservatee. The establishment of
a conservator of estate automatically renders the
conservatee incompetent to contract or to transfer
property but does not establish lack of testamentary
capacity.

Conservatorship and guardianship are clearly radical
solutions to the competency problems occasioned by neu-
ropsychiatric and other illnesses. The process of appoint-
ment of a guardian or conservator is often demeaning and
embarrassing to the conservatee, and disagreement over
the need for conservatorship and the motivations of those
who support or resist it may lead to long-lasting intra-
familial conflict and resentment. The appointment is also
expensive and time-consuming. In response to these short-
comings, most states have provision for limited conserva-
torship and guardianship, wherein only some of the powers
just discussed are granted to the conservator, while the rest
remain with the conservatee, as determined by the court on
a case-by-case basis. But even this approach is costly and
demeaning to the patient and, despite court oversight,
sometimes conducive to fiduciary and even physical abuse
by guardians. And the process of adjudication of conserva-
torship and guardianship itself has been criticized. “Guard-
ianship petitions often recite minimal facts in support of
the claim of incompetence; often, in fact, they simply re-
state the circular and conclusory language of the statutory
definitions of incompetency. . . . Far too often, [courts] are
satisfied with only a perfunctory assessment of the alleged
incompetent’s mental capacity. . . . Typically, evidence is
limited to a brief letter from a physician stating that the pa-
tient is incompetent. A complete psychiatric evaluation
and formal mental status exam are rarely included” (Rosoff
and Gottlieb 1987, pp. 15–16). Clearly, alternatives to con-
servatorship and guardianship are highly desirable, and
fortunately there are several. Wilber and Reynolds (1995)
reviewed these alternatives, which are displayed and partly
explained in Table 41–3.
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Elder Abuse

One of the consequences of diminished competency in el-
derly individuals, and one of the indications for establish-
ment of guardianship and conservatorship, is vulnerability
to various forms of abuse. This issue was placed on the na-
tional agenda beginning with a report entitled “Elder
Abuse: The Hidden Problem” (U.S. House Select Com-
mittee on Aging 1980). Estimates of the prevalence of
abuse in the 1980s indicated that 10% of Americans over
age 65 were victims of some type of abuse (Clark 1984),
with 4% subjected to moderate or severe abuse (U.S.
House Subcommittee on Health and Long-Term Care of
the Select Committee on Aging 1985). More recent studies
from England (Ogg and Bennett 1992) and Canada
(Podkieks 1992) have supported those estimates. From the
beginning, the medical profession assumed a major role in
the identification and prevention of this problem. In its
Resolution 112, the American Medical Association (AMA)
urged the development of diagnostic and treatment guide-
lines and the proposal of model legislation, and an AMA re-

port in 1992 stated that physicians “are in an ideal position
to recognize, manage, and prevent elder mistreatment”
(American Medical Association 1992). The legislative pro-
gram has been quite successful, and there are now elder
abuse statutes in every state; all statutes except those in
Colorado, New York, and Wisconsin include mandatory
reporting laws. Definitions of elder abuse tend to vary from
state to state, although most states recognize some combi-
nation of physical abuse, neglect, and financial exploitation
(known as fiduciary abuse in California when perpetrated by
caregivers or others), but definitions within those catego-
ries also vary greatly, depending on the statutory distinc-
tions between physical and psychological harm, harmful
effects and harmful intentions, and acts of omission versus
acts of commission (Brewer and Jones 1989).

The success of the medical profession’s recogni-
tion-and-management agenda has been less impressive.
Rosenblatt et al. (1996) looked at elder abuse reports in
Michigan between 1989 and 1993 and found that physi-
cians contributed only 2% of the 17,238 reported cases of
elder abuse. The study’s authors cited inconsistent defini-
tions of abuse, denial (by the patient and by the physician),
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TABLE 41–3. Characteristics of financial and health-related services available to older persons

Capacity Appropriateness to address risk to the older person Complexity

Service
Required for
execution

Survives
incapacity

Personal risk:
high, medium,
low

Financial risk:
high, medium,
low Oversight or recourse

Ability to
address complex
financial or
medical issues

Power of attorney Yes No Low Medium By family; legal action Medium
Bill-paying service Yes Not usually Low Medium Agency audit; legal

action
Low

Joint accounts/joint
tenancy

Yes Yes Low Low Virtually none; legal
action

Low

Durable power of
attorney

Yes Yes Low High By family; legal action Medium

Durable power of
attorney for health
care

Yes Yes Medium Low By family; legal action Medium

Representative payee No Yes Medium Medium Virtually; none by fed
govt agency

Low

Personal trusts Yes Yes, if
drawn
properly

Medium High Internal audit; banking
commissioner, legal

action

High

Limited guardianship No Yes High High Court; legal action High
Plenary guardianship No Yes High High Court; legal action High

Source. Reprinted from Wilber KH, Reynolds SL: “Rethinking Alternatives to Guardianship.” The Gerontologist 35:248–257, 1985. Used with
permission.



fear of the consequences of reporting abuse, and ageism
and lack of knowledge (on the part of physicians) as reasons
for this low rate. They also suggested that physicians may
be hesitant to report for fear of making the problem worse,
may wish to maintain relationships with the patients and
families and avoid court involvement, and may have little
faith that state intervention will result in a better outcome.
In states in which statutory protection is not provided, phy-
sicians may also fail to report suspected abuse for fear of le-
gal liability. The American College of Emergency Physi-
cians (1998) published a policy statement opposing
mandatory reporting of abuse to the criminal justice sys-
tem if the patient is competent, and calling for immunity
from liability (in states with mandatory reporting require-
ments) for persons who do report abuse. They also called
for standardized definitions of elder abuse, written proto-
cols on recognition and treatment of elder abuse, and fur-
ther research in the area.

Lachs et al. (1997) followed 2,812 community-
dwelling older adults (median age, 75 years) in Connecticut
for 9 years and identified cases of reported and verified el-
der mistreatment (including abuse, neglect, exploitation,
and abandonment) through a state social service agency.
They found poverty, nonwhite race, functional disability,
and worsening cognitive impairment to be risk factors for
reported elder mistreatment and suggested that reporting
bias may have led to overestimation of the effects of race
and poverty. The total number of cases of corroborated
mistreatment was only 47 (30 cases of neglect, 9 of abuse,
and 8 of exploitation), resulting in a sampling adjusted
9-year prevalence of 1.6%. Adult children were the most
common perpetrators of abuse (45%), followed by spouses
(26%), grandchildren, and paid caregivers. A significantly
higher prevalence of elder abuse was reported by Comijs
and colleagues, who studied a population-based sample of
1797 older people living independently in Amsterdam,
The Netherlands. They found a 1.2% 1-year prevalence of
physical aggression, 1.4% for financial mistreatment, and
0.2% for neglect. And there is evidence that elder abuse has
significant effects on mortality. Lachs and colleagues
(1998) followed the community-dwelling cohort described
above for an additional 4 years and found that subjects seen
for elder mistreatment during the follow-up period had
lower rates of survival (95) than the noninvestigated cohort
members (40%) (P < .001). After statistically correcting
for demographic characteristics, chronic diseases, func-
tional status, social networks, cognitive status, and depres-
sive symptomatology, the risk of death remained higher for
those subjected to elder treatment (odds ratio, 3.1; 95%
confidence interval, 1.4–6.7) when compared with other
members of the cohort.

Competency to Drive

The proportion of the American population that drives is
rapidly aging, and it is estimated that by the year 2024, one
in four drivers in the United States will be over age 65. De-
clining competency among these drivers is well docu-
mented: among older drivers, as a group, the frequency of
crashes per mile is approximately twice that among youn-
ger drivers, and older drivers incur more fatalities per mile
driven than any other age group except males under age 25
(Owsley 1997). Fife et al. (1984) found that vehicle crashes
are the second major reason (falls were first) for injury-
related emergency room visits among older adults, and
Reuben et al. (1988) reported that crashes are the leading
cause of injury-related deaths among seniors. Multiple age-
related factors are likely to contribute to this phenomenon,
including declining visual and auditory acuity, effects of phys-
ical and neuropsychiatric illnesses and their treatments, and
declining decisional competence due to slowing of cognitive
processes and reaction time and deficits in attention, concen-
tration, and visuospatial functions (see Chapter 8).

Although available data are not adequate to determine
the precise contribution of each of these factors, some gen-
eralizations are possible. McCloskey et al. (1994) found
that several ophthalmological problems that affect vision
and would seem likely to increase crash risk in fact did not.
These included retinal disorders, macular degeneration,
myopia and presbyopia, and monocular vision. Glaucoma,
however, was associated with an (increased) relative risk
(odds ratio) of 1.5. In another study, Foley et al. (1995)
found that having cataracts severe enough to preclude
reading a newspaper or recognizing a friend across the
street was associated with an odds ratio of only 0.9 (the dif-
ference was not statistically significant). Similarly, hearing
impairment did not increase crash risk, but when a hearing
aid was worn while driving, the risk of crashing was in-
creased by an odds ratio of 1.9 (McCloskey et al. 1994).

Koepsell et al. (1994) looked at other medical condi-
tions common among elderly persons, including stroke;
coronary disease including heart attack, angina, and coro-
nary disease requiring surgery; chronic obstructive pulmo-
nary disease; cancer; asthma; osteoarthritis and rheuma-
toid arthritis; and diabetes and found that only coronary
disease (odds ratio, 1.4) and diabetes (odds ratio, 2.6) were
associated with increased crash risk. Certain medications
are also important contributors to crash risk. In a study in-
volving older drivers in Tennessee, Ray et al. (1992) found
that current use of benzodiazepines was statistically signifi-
cantly associated with a relative risk of injurious crashes of
1.5, whereas current use of cyclic antidepressants was asso-
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ciated with a twofold increased risk. Foley et al. (1995) re-
ported that neither the use of opioids nor the use of antihis-
tamines was associated with increased crash risk, but use of
nonsteroidal anti-inflammatory agents was found to carry
a relative risk of 1.9.

Foley and colleagues (1995) also studied the contribu-
tion of physical limitation, reduced ability to perform ac-
tivities of daily living, various chronic symptoms such as
back pain, and depressive symptoms and cognitive deficits
to the risk of injurious crash in an undiagnosed population
(the geographically defined Established Populations for
Epidemiological Study of the Elderly cohort, comprising
rural residents of Iowa over age 65). Back pain within the
past 12 months and scoring in the highest quintile of de-
pressive symptoms were both associated with an odds ratio
of 1.5, whereas scoring poorly on a delayed-recall test (re-
calling fewer than three words) was associated with an odds
ratio of 1.4.

As is suggested by the latter finding, dementia is a
well-established risk factor for crashes among elderly pa-
tients. Fitten et al. (1995) conducted a prospective study
comparing elderly subjects with mild Alzheimer’s disease
and mild vascular dementia with an age-matched,
cognitively intact, healthy control group; an age-matched
control group with diabetes; and a young, healthy control
group. Subjects completed a standardized driving test,
conducted on a course designed to reproduce low-level
traffic conditions similar to a suburban drive. Both groups
of subjects with dementia performed significantly more
poorly on the driving test than any of the control groups.
Moreover, subjects with dementia committed more serious
driving errors, particularly in the more complex parts of the
course. Scores on the Mini-Mental State Exam and on the
Sternberg test (another test of short-term memory), along
with measures of visual tracking, were the best predictors
of driving scores. The healthy elderly control subjects per-
formed as well as the healthy younger control subjects.

In an attempt to characterize more precisely the types
of driving errors made by patients with dementia, Dobbs
(1997) studied 115 cognitively impaired seniors (average
age, 72 years), all of whom were still driving. Each subject
drove a road course involving 37 maneuvers and a route re-
quiring approximately 40 minutes of driving time. A driv-
ing evaluator in the car (who had control of an auxiliary
brake pedal) recorded each driving error. Subjects were
also given a battery of cognitive and motor tests considered
to be predictive of driving performance. Control groups of
cognitively intact elderly individuals (average age, 69
years) and cognitively intact young subjects (average age,
36 years) were studied as well.

Three types of driving errors were observed. The most

serious errors were characterized as errors that “could have
resulted in a crash had the driving instructor not taken con-
trol of the vehicle or the traffic adjusted” (Dobbs 1997, p.
10). These errors were made almost exclusively by subjects
with dementia, and three of the four control subjects who
made errors of this type were subsequently found, by cogni-
tive testing, to have dementia or be otherwise cognitively im-
paired. Another, less serious, type of error (e.g., poor posi-
tioning on turns or observational errors) was made by drivers
in each group but more frequently by the subjects with de-
mentia, and the third type of error, the sort typically made by
experienced drivers (e.g., rolling stops), was not committed
more often by members of any one study group. Interest-
ingly, Mini-Mental State Exam scores did not identify indi-
viduals who performed poorly on the driving test, and 25% of
the subjects with dementia demonstrated driving compe-
tence within the range of that of the control subjects. The lat-
ter finding is consistent with previous reports indicating that
early-stage Alzheimer’s disease is not associated with in-
creased crash risk (Drachman and Swearer 1993).

Dobbs (1997) concluded that diminished driving com-
petence among individuals with dementia is most likely to
be picked up by a test protocol (course and scoring proce-
dure) that focuses on very serious errors, but the author
also acknowledged that subjecting every cognitively im-
paired driver to an extensive and detailed road test would be
prohibitively costly. Moreover, Dobbs observed that road
testing of more impaired drivers is too dangerous to under-
take without specially trained evaluators and specially
equipped vehicles.

Two alternative approaches for determining compe-
tency to drive have been explored and reported in the liter-
ature: cognitive assessment and driving simulation. The
first involves attempts to determine the specific type and
magnitude of sensory and cognitive impairments that lead
to serious driving errors, and to develop practical test pro-
cedures that could be applied to large numbers of individu-
als. Several groups have conducted such investigations
(Ball et al. 1993; Parasuraman and Nestor 1991), and defi-
cits in attentional processes have emerged as the best pre-
dictors of incompetent driving. Most specifically, measur-
ing useful field of view (UFOV), the area of the visual field in
which information can be rapidly extracted without eye
and head movements, appears to be valuable in this context.
Three functions contribute to the ability to extract infor-
mation in this way: the ability to quickly process what is
seen, the ability to divide attention, and the ability to dis-
tinguish target from background. Impairments in each of
these functions can result in diminished UFOV (Ball
1997). Because many neuropsychiatric illnesses common
among elderly individuals can lead to deficits in these func-
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tions, driving competency evaluations based on UFOV
promise to be applicable across the spectrum of diagnoses,
not just Alzheimer’s or vascular dementia. Early results in-
dicate that subjects with cognitive impairment and intact
UFOV do not crash at a higher rate than mentally intact
subjects with comparable UFOV. Ball and colleagues (1993)
used greater-than-40% reduction in UFOV to distinguish
high-risk from low-risk drivers, regardless of diagnosis, and
were able to identify a group of high-risk drivers that were 6
times as likely to crash as age-matched low-risk drivers. Fur-
therresearchisexpectedtoclarify theroleofUFOVtesting in
the determination of competency to drive.

Other mediating factors besides UFOV may also be
important in patients with Alzheimer’s disease. Rizzo and
colleagues (1998) examined the perception of movement
and shape in 41 subjects with mild to moderate Alzheimer’s
disease (mean age 72.3 years) compared with 22 subjects
without dementia (mean age 71.7 years), and found that the
demented subjects had significantly higher thresholds for
perceiving shapes defined by motion cues that did
nondemented control subjects. They concluded that this
deficit could negatively affect the ability to navigate and to
recognize objects in relative motion.

The second approach to the assessment of driving
competency involves the use of driving simulators, and
some preliminary findings suggest that such simulators,
designed in light of information regarding crash risk (e.g.,
the usefulness of measures of UFOV), may represent a
practical approach to screening for incompetent drivers.
To date, though, prospective studies that would allow
meaningful calculation of the diagnostic confidence (i.e.,
the positive and negative predictive values) of such mea-
sures have yet to be published (Bylsma 1997). Lundberg et
al. (1997) also suggested that in individuals with dementia,
the driving simulator may measure the ability to perform a
novel task (i.e., driving a simulator) more than real-life
driving ability per se.

Despite the preliminary nature of the research dis-
cussed here, the problems posed by drivers with dementia
have generated a significant amount of attention in scien-
tific and policy-making circles, and several states have
passed legislation requiring physicians to report individu-
als with dementia or other conditions involving cognitive
impairment to the health department. In 1994, the Swed-
ish National Road Administration invited representatives
from several research groups in North America and Eu-
rope to meet and prepare a consensus statement on demen-
tia and driving based on available scientific data. That
group concluded the following: “1) . . . Individuals with
moderate and severe dementia should not drive; 2) There is
not, at present, sufficient knowledge about the way in

which different cognitive impairments influence driving
ability. Much research is needed before general conclu-
sions can be drawn concerning if and when persons with
mild dementia should stop driving; 3) In the meantime,
these cases should be carefully evaluated in an individual-
ized manner” (Johansson and Lundberg 1997, p. 67). The
group did not specify criteria for distinguishing moderate
from severe dementia, but the article including the confer-
ence findings implied that a score of 2–3 on the Washing-
ton Clinical Dementia Rating Scale would suffice.

This emerging consensus notwithstanding, the clini-
cian who encounters an elderly patient with cognitive or
other impairment that increases the likelihood of driving
difficulties, including crashes, may find himself or herself
in a position involving conflicts of both obligation and in-
terest. Loss of what many people perceive as the right to
drive is experienced by some older patients as an intolera-
ble deprivation of autonomy and freedom (even if the de-
privation is of more symbolic than practical significance),
and the clinician is clearly obligated to protect his or her pa-
tient from the practical inconvenience and psychological
pain related to this loss, whenever it is reasonable to do so.
At the same time, the clinician has an obligation to try to
protect the patient from the possible untoward conse-
quences of his or her impairment, and the clinician also has
an obligation to society to protect it from the dangers posed
by the significantly impaired driver. The physician’s inter-
est may be jeopardized by the legal consequences of failure
to report the diagnosis of dementia, but his or her interest
may also be jeopardized by reporting such a diagnosis, if the
angry patient fires or sues the physician. And none of these
conflicts is necessarily resolved by the development of
better, more scientifically based criteria to determine high
risk, for even when such criteria become available, some
patients will not agree with them or will believe that theirs
is the exceptional case and will mistrust and be resentful of
the physician for offering sincere advice and/or for follow-
ing a legal mandate. This appears to be one aspect of clini-
cal geriatric practice that is not likely to be ameliorated by
scientific or technological progress.

Loss of Competence and Cognitive
Impairment: Which Cognitive
Functions Are Critical?

Although it is clear that cognitive functions decline with
advancing age even in the healthy individual, the rate of this
decline and the order in which specific functions are lost
vary greatly from person to person, and only broad gener-
alizations are supported by the published data (see Chapter
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8). These data suggest that normal aging is typically ac-
companied by mild generalized slowing of cognitive pro-
cesses; mild declines in complex attention, executive func-
tions, verbal fluency, and immediate, working, and implicit
memory; and moderate declines in recent memory (Spar
and La Rue 1997). Wolinsky and colleagues (Wolinsky and
Johnson 1991, 1992a, 1992b; Wolinsky et al. 1992a,
1992b), using items from the Activities of Daily Living
Scale and the Instrumental Activities of Daily Living Scale,
identified three distinct dimensions of everyday function.
These dimensions, termed basic ADLs (basic activities of
daily living) (bathing, dressing, and toileting), household
ADLs (meal preparation, housework, and shopping), and
advanced ADLs (e.g., completing a medical history form,
ordering merchandise from a catalog, computing taxi rates,
or determining the amount due on a telephone bill), were
later verified by Fitzgerald et al. (1993), who also showed
that ratings for advanced ADLs (but not for the more basic
categories) were predictive of scores on the Short Portable
Mental Status Questionnaire. It follows that in elderly
adults without dementia, the ability to perform these more
cognitively complex advanced ADLs is likely to deteriorate
before the ability to perform the basic and household
ADLs, but data are lacking to link deterioration in these
functions with impairments in specific cognitive functions.

Similarly, the specific cognitive changes associated
with loss of competency in pathological states such as Alz-
heimer’s disease are only beginning to be understood.
Marson et al. (1995) studied 29 patients with probable Alz-
heimer’s disease and 15 cognitively intact elderly control
subjects. Using stepwise multiple regression analysis, they
found that measures of word fluency best predicted the ca-
pacity to “provide rational reasons” for a treatment choice
in both groups, although the associations were not strong
(R2: control subjects, .33; patients with Alzheimer’s disease,
.36). The study also produced a two-variable non-
parametric discriminant function that achieved a classifica-
tion rate for the entire sample of 93%, and the authors con-
cluded that “measures of semantic word fluency/executive
function . . . and of simple attention represent cognitive
functions that are integrally related to the competency sta-
tus of both normal control subjects and patients with [Alz-
heimer’s disease] under a rational reasons standard”
(Marson et al. 1995, p. 958).

Expert Consultation and
Testimony on Competency

In addition to the inevitable competency determinations
that arise in their clinical practices, such as those related to

driving, geriatric neuropsychiatrists are also particularly
qualified to provide expert forensic consultation and testi-
mony regarding questions of competency and susceptibil-
ity to undue influence. Accordingly, neuropsychiatrists
need to be familiar with local statutes and case laws defining
the various forms of competency. The neuropsychiatric ex-
pert may be asked to perform a contemporaneous evalua-
tion of an individual’s competency or susceptibility to un-
due influence or state an opinion on the competency and
susceptibility to undue influence of an individual who has
since died. Guidelines for such evaluations in the testamen-
tary context have been published previously (Spar and
Garb 1992) and are applicable to each of the forms of deci-
sional competency discussed in this chapter but will not be
reviewed here. However, I suggest two revisions to those
guidelines.

First, it is recommended that the medical expert avoid
testifying on the issue of undue influence per se because it is
a legal conclusion beyond the expertise of the physician
who is not also an attorney. Rather, medical expert testi-
mony should be restricted to the question of the presence
and severity of mental impairment and how the patient’s
vulnerability to influence, persuasion, manipulation, being
taken advantage of, and so on is affected by that impair-
ment. If circumstances permit, testimony on whether par-
ticular decisions made by the impaired individual are the
direct result of such manipulation and persuasion may also
be justified and may be permitted.

The second revision is based on Rule 703 of the Fed-
eral Rules of Evidence, which states: “The facts or data in
the particular case upon which an expert bases an opinion
or inference may be those perceived by or made known to
the expert at or before the hearing. If of a type reasonably
relied upon by experts in the particular field in forming
opinions or inferences upon the subject, the facts or data
need not be admissible in evidence.” When the neuro-
pychiatrist’s expert opinion is based on retrospective evalu-
ation, direct examination should elicit testimony that clini-
cal assessment and diagnosis of neuropsychiatric illness in
the elderly is commonly reliant on information provided
by sources (such as spouses, relatives, caregivers, and medi-
cal records) other than direct examination of the patient,
especially if the patient is severely cognitively impaired,
uncooperative, mute, or catatonic. This explanation may
be important testimony if the court is inclined to believe, as
some clearly are, that retrospective evaluation is not part of
reasonable clinical practice and therefore not “protected”
by Rule 703 and of highly questionable probative value.
Anticipating and correcting this misperception can be of
great value in preserving the proper weight of expert
testimony.
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However it is performed, the expert role is substan-
tially different from the role of clinician, and somewhat dif-
ferent ethical principles obtain. The clinician’s obligation
to act in the best interests of the patient is replaced by the
consultant’s mandate to provide an honest and objective
opinion and, in the testimonial context, to express that
opinion in a convincing manner. Because the two obliga-
tions can easily conflict, it is usually not recommended for
one individual to assume both roles for the same patient.

Implications for Clinicians

As the population ages and the public becomes increasingly
aware of conditions such as Alzheimer’s disease, circum-
stances calling for formal assessment of competency and
susceptibility to undue influence are likely to arise more
frequently, and neuropsychiatrists who perform these eval-
uations need to be familiar with applicable statutory and
case law. Moreover, because the need for competency as-
sessment is not always anticipated by patients or their at-
torneys, neuropsychiatrists can also provide a potentially
valuable service by performing routine clinical evaluations
that include enough content (e.g., comments on how the
observed impairments are likely to affect competency and
susceptibility to undue influence) to support future retro-
spective assessments of their patients’ competency and sus-
ceptibility to influence.

Similarly, even if their patient contact is largely consul-
tative in nature, neuropsychiatrists may find themselves in
a position to recognize and report signs of elder abuse, to
identify individuals whose deteriorating mental functions
warrant consideration of guardianship or conservatorship
(or less restrictive forms of assistance), and to diagnose and
report conditions that may adversely affect driving safety.
Accordingly, they should stay abreast of local laws and reg-
ulations that delimit the clinician’s responsibilities in these
areas as well.

Summary and
Recommendations

There are many legal definitions of mental competency,
depending on the specific task and the jurisdiction. And, as
Marlowe (1994) observed, “legal concepts often do not
have immediately discernible scientific counterparts . . .
[and] it is therefore necessary for clinicians operationally to
define or translate legal concepts into observable, defin-
able, and measurable scientific terms” (p. 12). In a study de-

signed in part to assess how successfully this translation has
been effected by psychiatric expert witnesses, colleagues
and I (Spar et al. 1995) submitted the following open-
ended statement to 300 probate judges around the United
States: “Psychiatric expert testimony on matters of mental
capacity and susceptibility to undue influence would be
most useful to the court if physicians would . . .” (p. 396).
The only recurring response (provided by 14 of the 73 who
completed the statement) was, in essence, “use lay terms
and avoid technical language.” A large majority of 119 re-
spondents to other, more structured, survey questions also
agreed that psychiatric testimony on impaired mental ca-
pacity and susceptibility to undue influence should focus
on the specific mental function deficits that underlie the
observed impairment (Spar et al. 1995), and a slightly
smaller majority agreed that experts should use standard-
ized tests in their evaluations.

Supported by these results, the two senior authors, as-
sisted by a coalition of attorneys and other experts, drafted
and helped pass a California law called the Due Process in
Competence Determinations Act (DPCDA), which went
into effect January 1, 1996. Under the DPCDA (Table
41–4), judges are authorized to require experts testifying
on impaired competency to specify at least one mental
function deficit that accounts for the alleged incompetency
and to explain how that deficit is connected to that impair-
ment. (For example: “Mr. P demonstrated profound defi-
cits in remote memory, as evidenced by an inability to name
any presidents, identify the countries that fought in the
Gulf War, or recall the names of all of his children or that he
had four grandchildren. Because of this deficit, he lacked
the capacity to remember and understand his relations to
his living descendants and therefore failed to meet one of
the criteria for testamentary capacity.”) The statute in-
cludes a list of mental functions that we believed would be
familiar to mental health professionals in many disciplines
and comprehensible to attorneys, judges, and jurors and
that describes functions that lend themselves to measure-
ment or, at a minimum, description in numbered terms
used by widely available assessment instruments. Glass
(1997), concluding a review of proposed approaches to
competency determination published during the past two
decades, stated: “There is still no agreement on either the
exact criteria or the methods of assessing mental compe-
tency” (p. 32). Although the DPCDA is not offered as a
solution to this problem, it is hoped that by facilitating the
process of direct and cross-examination, demystifying the
process of psychiatric evaluation, and encouraging
measurement, more consistent and therefore more just
outcomes of formal competency determinations will
follow.
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(C) Ability to attend and concentrate.
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to, the following:
(A) Short- and long-term memory, including

immediate recall.
(B) Ability to understand or communicate with

others, either verbally or otherwise.
(C) Recognition of familiar objects and familiar

persons.

(D) Ability to understand and appreciate quantities.
(E) Ability to reason using abstract concepts.
(F) Ability to plan, organize, and carry out actions

in one’s own rational self-interest.
(G) Ability to reason logically.

(3) Thought processes. Deficits in these functions may
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(A) Severely disorganized thinking.
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(4) Ability to modulate mood and affect. Deficits in this
ability may be demonstrated by the presence of a
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euphoria, anger, anxiety, fear, panic, depression,
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the individual’s circumstances.
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ity to do a certain act, the court may take into consideration
the frequency, severity, and duration of periods of impairment.
(d) The mere diagnosis of a mental or physical disorder shall
not be sufficient in and of itself to support a determination
that a person is of unsound mind or lacks the capacity to do a
certain act.
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age-related changes of, 54, 55
markers in, in Alzheimer’s disease,

515–516
profiles in various conditions, 677

Cerebrospinal fluid (CSF) spaces, aging
and, 188, 189, 190, 190–191

Cerebrotendinous xanthomatosis, 680
Cerebrovascular disease. See Stroke
Cervical dystonia, 545
Chemical dependence, definition of,

368
Chemical shift imaging (CSI),

269–270
Chemotherapy. See also Antineoplastic

drugs; specific chemotherapeutic
agents

leukoencephalopathy and, 679
for neoplastic disorders, 671

Childhood history, 111
Chloral hydrate

neuropsychiatric disorders induced
by, 724

withdrawal from, neuropsychiatric
disorders induced by, 725

Chlordiazepoxide
for anxiety disorders, 357–358
dosage of, 797
metabolism of, 796
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for Alzheimer’s disease, 11
for cognitive decline, 812–814
for dementia, 899

Chorea, 524–544, 535. See also
Huntington’s disease; Tardive
dyskinesia

drug-induced, 711
“edentulous orodyskinesia,” 539
hemiballismus, 540
“senile,” 539
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Communicative ethics, 937
Comorbidity

epidemiology of, 25
neuropsychiatric and substance

comorbidity in alcohol
disorders and, 379, 380

of nicotine dependence, 387
of psychiatric disorders

with organic illnesses, 25
with pain. See Pain, psychiatric

comorbidity and
Companion animals, for aggressive

patients, 483–484
Compensatory functional training, in

rehabilitation programs, 921
Competency, 945–954

adjudicative, 946–947
assessment of, 939
in civil law, 947–954

to care for oneself and manage
one’s finances, 954, 955

to consent to enrollment in
studies, 949–950, 950

to enter into contracts or make
gifts, 950–951

to execute advance directives,
948–949

to execute trusts, 952
to give informed consent for

medical care, 947–948,
948

to make wills, 951–952
voluntariness and, 952–954

cognitive functions critical for,
958–959

in criminal law, 946–947
decisional, 945–946
definition of, 945–946

Index 973



Competency (continued)
to drive, 956–958
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Crying, pathological, following stroke,

613
Cyanocobalamin deficiency, dementia

due to, 502–503
Cyclobenzaprine, neuropsychiatric

disorders induced by, 727
Cycloserine, neuropsychiatric disorders

induced by, 724
Cyclosporin

metabolism of, 758
neuropsychiatric disorders induced

by, 727

Cylert (pemoline)
dosage of, 791
neuropsychiatric disorders induced

by, 726
Cyproheptadine, neuropsychiatric

disorders induced by, 727
Cytochrome P-450 system, 780

alcohol-drug interactions and,
374–375

drug metabolism and, 754, 755–758,
756

inhibitors of, 754, 756–758

Danazol, neuropsychiatric disorders
induced by, 726

Dantrolene, for lethal catatonia, 806
Dapsone

metabolism of, 757
neuropsychiatric disorders induced

by, 724
Daytime somnolence, 408
Deafferentation, cortical

in ascending pathways, evoked
potentials and, 300–301

coherence for detecting, 297–298,
299

cordance method for detecting,
295–297, 296–298

unmasking during pharmacological
activation, 298–300, 300

Decisional competency, 945–946
Declarative memory, 735, 735
de Clerambault syndrome, 118
Deep brain stimulation (DBS)
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in Parkinson’s disease, 25, 315, 575,

575–581
clinical features of, 576
cognitive impairment and, 575
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Depression (continued)
in Parkinson’s disease (continued)

electroconvulsive therapy for, 579,
581

pathophysiology of, 575–576
pharmacologic treatment of,

576–577, 578–580
treatment of, 321

positron-emission tomography in,
256, 258

rehabilitation for, 929, 930
secondary, in Parkinson’s disease,

315
following stroke, 25, 315–316, 317,

603–608
clinical correlates of, 605, 606
clinical-pathological correlates

and mechanism of,
606–607, 607, 608

electroconvulsive therapy for, 840
phenomenology of, 603, 604, 605
treatment of, 607–608, 608

following traumatic brain injury, 632
treatment of, 316–324, 321, 539,

607–608, 608
electroconvulsive therapy for,

840
nonpharmacological, 791
pharmacological, 783, 799
psychotherapeutic. See

Psychotherapy, for
depression

vascular, ed316
Depression-induced organic mental

disorder. See Dementia syndrome
of depression (DOD)

Depression-related cognitive
dysfunction. See Dementia
syndrome of depression (DOD)

Depressive equivalents, 313
Depth-resolved surface coil

spectroscopy (DRESS), 269
Descending inhibition mechanisms,

pain and, 421
Desipramine (Norpramin; Pertofrane)

for dementia, 505
for depression, in Parkinson’s

disease, 577
dosage of, 783
for major depression, 321, 321–322
metabolism of, 755, 784
neurotransmitter effects of, 579
for pain, 424
side effects of, 580

Desyrel. See Trazodone (Desyrel)

Developmental milestones, delays in
achievement of, 110

Dexamethasone, metabolism of, 758
Dexedrine (d-Amphetamine), dosage of,

791
Diabetes mellitus, 64

as cause of death, 21
epidemiology of, 25
insulin-dependent, in mentally

retarded elderly persons, 467
Diabetic neuropathy, pain in, treatment

of, 424, 425
Diabetic retinopathy, 65
Diagnostic disclosure, ethical issues

concerning, 937
Diaschisis, 614
Diazepam, 796

for anxiety disorders, 357–358
for delirium, 806
dosage of, 797
metabolism of, 755, 796
pharmacokinetics of, 357

Dicyclomine, neuropsychiatric
disorders induced by, 724

Diencephalic amnesia, 737
Diet, anxiety and, 351
Diethyl-m-toluamide, neuropsychiatric

disorders induced by, 727
Diethylpropion, neuropsychiatric

disorders induced by, 726
Digitalis, depression induced by, 709
Digit span, for assessment of

concentration, 127
Digoxin, anticholinergic drug level in,

448
Dilantin. See Phenytoin (Dilantin)
Diltiazem

anticholinergic drug level in, 448
metabolism of, 757
neuropsychiatric disorders induced

by, 727
Diogenes syndrome, 379
Diphenhydramine

for anxiety disorders, 358
for dementia, 799
for insomnia, 805
neuropsychiatric disorders induced

by, 725
Diphenoxylate, neuropsychiatric

disorders induced by, 727
Diphenoxylate/atropine,

neuropsychiatric disorders induced
by, 724

Dipyridamole, anticholinergic drug
level in, 448

Disability, 918
Disability Rating Scale (DRS), 625
Disciplinary problems, in school, 111
Disclosure

diagnostic, ethical issues concerning,
937

in research, conflict of interest and,
940

Disconnection syndromes, 86–87, 88
Discourse ethics, 937
Disinhibition. See also Mania

in frontotemporal dementia, 518
Disopyramide

metabolism of, 757
neuropsychiatric disorders induced

by, 723
side effects of, 709

Disorientation, following
electroconvulsive therapy, 848–849

Dissociative states, in seizure disorders,
661

Disulfiram
neuropsychiatric disorders induced

by, 727
sexual dysfunction induced by, 713

Divalproex sodium (Depakote), 662
for aggression, 484
for dementia, 809

Divided attention, for assessment of
response control, 132

DNA, 906
age-related changes in, 34–35, 907

Dominance, of cerebral hemispheres,
87–89, 89

Domperidone, for Parkinson’s disease,
562

Donepezil (Aricept)
for Alzheimer’s disease, 516
for cognitive decline, 813
for dementia, 899
electroconvulsive therapy and, 842
for memory dysfunction, 927

following traumatic brain injury,
641, 641

metabolism of, 755
for Parkinson’s disease, 574

Dopamine
age-related changes in, 41
aggression and, 480
behavioral alterations associated with

disturbances of, 100
in late-life—onset psychosis, 335
origins and destinations of, 99

Dopamine agonists, for Parkinson’s
disease, 565, 566
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Dopamine antagonists, for tardive
dyskinesia, 544

Dopamine receptor blocking agents
(DRBAs). See also Neuroleptic(s);
specific agents

tardive dyskinesia and, 540
Dopaminergic projections, from

brainstem to cerebral hemispheres,
99–100, 100

Dopaminergic systems
age-related changes in, 61

pharmacodynamics and, 761, 762,
763

in normal aging and common
diseases, 701, 701–702

Dorsal convexity dysexecutive
syndrome, 113–114

Dorsal horn, pain and, 420–421
Dorsolateral frontal convexity, 137,

137
Down’s syndrome, 34

Alzheimer’s disease association with,
470, 512

depression in, 467–468
positron-emission tomography in,

259, 260
Doxepin (Adapin; Sinequan)

dosage of, 783
for pain, 424, 783
side effects of, 580

Drive, assessment of, 131
Driving, competency for, 956–958

in Alzheimer’s disease, 513
Droperidol, for delirium, 806
Drug(s), 699–728. See also specific drugs

and drug types
age-related changes in nervous

system and, 779–780
anxiety and, 351
cognitive abilities and, 145
competency to drive and, 956–957
geriatric neuropsychiatry and, 9, 10
inappropriate use of, in nursing

homes, 895–896
increased availability of, 11
increasing use of, 750
interactions of

with alcohol, 374–375
with drugs, 700, 700, 703–704,

704, 721–722
misuse of, underrecognition of, 705
narcotic, dependence on, 388
neuropsychiatric syndromes induced

by. See Drug-induced
disorders

Omnibus Budget Reconciliation Act
and prescribing practices and,
781–782

over-the-counter, use and
dependence on, 389

polypharmacy and, 750
psychopharmacological principles

and, 780–781
selection of, ethical issues

concerning, 937
special considerations for geriatric

population, 700–705
compliance and, 704–705
pharmacokinetics and, 702–704
pharmacologic alterations in

normal aging and common
diseases and, 701, 701–702

underrecognition of drug use and
abuse and, 705

toxicity of, delirium and, 446–447,
448

Drug absorption, 750, 751, 752, 780
age-related changes in, 702–703

Drug distribution, 752, 752–753, 781
age-related changes in, 703

Drug excretion, 781
age-related changes in, 704

Drug-induced disorders, 705–714
anxiety, 708
delirium and cognitive impairment,

705–708
dementia, 503
depression, mania, and psychosis,

708–710
dystonia, 546
gait and mobility disorders and falls,

710–711, 711
herbal remedies and, 714, 715
myoclonus, 550
sexual disorders, 712–714, 713
sleep disorders, 711–712
taste and smell disturbances, 714
tremor, 534

Drug interactions
with alcohol, 374–375
with drugs, 700, 700, 703–704, 704,

721–722
Drug metabolism

age-related changes in, 703–704,
704

hepatic, 751, 753–754, 755–758,
756

Due Process in Competence
Determinations Act (DPCDA),
960, 961

Durable power of attorney, 955
ethical issues concerning, 939

Durable power of attorney for health
care (DPAHC), 948, 955

Dyazide (hydrochlorothiazide +
triamterene), anticholinergic drug
level in, 448

Dyskinesia. See also Tardive dyskinesia
(TD)

drug-induced, 711
Dyslexia, acquired, treatment of, 925
Dysphonia, spasmodic, 546
Dysthymia. See also Depression

alcohol abuse and, 380
Dystonia, 544–548, 545

with antipsychotic drugs, 802
axial, 547
cervical, 545
cranial, 545–546
drug-induced, 711
focal, 544
generalized, 544
hemidystonia, 544
idiopathic, 544–546

focal, 545–546
pathophysiology of, 546

multifocal, 544
oromandibular, in cranial dystonia,

546
psychogenic, 547
secondary, 546–547

drug-induced, 546
segmental, 544
tardive, 544
treatment of, 547–548

Dystonic tremor, 544

Early-onset panic disorder, 349
Early-onset schizophrenia, elderly

patients with, 331–332
Eastern equine encephalitis, 683
Echothiophate, electroconvulsive

therapy and, 842
Ecological validity, of

neuropsychological tests, 159
Edema, cerebral, 624
“Edentulous orodyskinesia,” 539
Education

of clinical and administrative staff, in
nursing homes, 898

for practitioners, 12
Educational level

brain imaging and, anatomic, 183
as marker of premorbid cognitive

abilities, 145
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Effexor. See Venlafaxine (Effexor)
Ekbom’s syndrome, 118
Elavil. See Amitriptyline (Elavil)
Eldepryl. See Selegiline (L-Deprenyl;

Eldepryl)
Elder abuse, 955–956
Electroconvulsive therapy (ECT),

829–851
adverse effects of, 846–850

cardiovascular, 846–847
cerebral, 847–848
cognitive, 848–850

anesthesia for, 843–844
continuation/maintenance, 845
for depression, 791

delusional, 323
in mentally retarded elderly

persons, 468–649
in Parkinson’s disease, 579, 581

diagnostic indications and efficacy
of, 832–841

with concomitant neurological
disease, 836–842

in major depression, 832,
833–835, 836

in mania, 836
in psychotic disorders, 836

electrode placement for, 844
in geriatric practice, 830
for late-life—onset psychosis,

339–340
for lethal catatonia, 806
for mania, 793
medical physiology in elderly

patients, 830–832
cardiovascular, 831–832
cerebral, 830–831

psychosocial issues with, 850–851
seizure monitoring in, 844–845
stimulus dosing for, 844
technique for, 842–843

Electrodes, for electroconvulsive
therapy, placement of, 844

Electroencephalography (EEG),
285–302

abnormal, in mentally retarded
elderly persons, 467

abnormalities on
with benzodiazepines, 797
with lithium, 793

with brain tumors, 670
conventional, 286–288

indications for, 286–287
limitations of, 287–288

in delirium, 444–445

in dementia, 504
in electroconvulsive therapy,

830–831
in frontotemporal dementia, 519
historical background of, 286
pathological slow waves on, 294
quantitative. See Quantitative

electroencephalography
(QEEG)

Elimination half-life, 780
Embolism

cerebral, 602
pulmonary, anxiety and, 351

Emotional lability (emotional
incontinence), following stroke,
613–614

mechanism of, 614
prevalence and clinical correlates of,

613–614, 614
Encainide, metabolism of, 757
Encephalitis

eastern equine, 683
herpes simplex, 682–683

cerebrospinal fluid profile in,
677

limbic, 502
St. Louis, 683
viral, dementia due to, 500

Encephalomalacia, 50, 52
subcortical, neuropsychological

correlates of, 230–235
Encephalomyelitis, disseminated, acute,

677, 677–678
Encephalopathies

arteriosclerotic, subcortical,
495–496, 678

hepatic, assessment of, QEEG for,
293

HIV, 684
limbic, 673
metabolic, dementia due to, 502–503

Endocrine disorders
anxiety and, 351
lithium-induced, 793

End-of-life care, ethical issues
concerning, 938–939

Endogenous evoked potentials, 289
Enkephalin

age-related changes in precursors
for, 61

neurons containing, 102
Environmental agnosia, 87, 134
“Environmental dependency syndrome,

741, 741
Environmental factors, aging and, 34

Ephedrine, neuropsychiatric disorders
induced by, 726

Epidemiologic Catchment Area (ECA)
study, 24, 347–348

Epidural abscess, 686
Epilepsy. See Seizure(s); Seizure

disorders
Epinephrine, neuropsychiatric disorders

induced by, 726
Episodic memory, 735

in Alzheimer’s disease, 513
Epitol. See Carbamazepine (Epitol;

Tegretol)
Erythromycin, metabolism of, 757
Esmolol, during electroconvulsive

therapy, 847
Essential myoclonus, 549
Estazolam, dosage of, 805
Estradiol, metabolism of, 758
Estrogen, for cognitive decline, 815
Estrogen replacement therapy, for

Alzheimer’s disease, 516
Etat lacunaire, 495
Ethanol. See Alcohol use and abuse
Ethics, 11–12, 935–943

clinical, 937–939
advance directives and, 939
competency assessment and, 939
diagnostic disclosure and, 937
end-of-life care and, 938–939
managed care and, 938
selection of therapeutic agents

and, 937
discourse (communicative), 937
future and, 941–943
methods used in, 936–937
narrative, 937
in research, 939–941

conflict of interest and, 939–940
informed consent and, 941
research design and, 940–941

tension between law and, 937
Ethinyl estradiol, metabolism of, 758
Ethionamide, neuropsychiatric

disorders induced by, 724
Ethosuximide (Zarontin), 662

metabolism of, 758
neuropsychiatric disorders induced

by, 723
psychiatric effects of, 663

Euphoria, in multiple sclerosis, 675
Event-related potentials (ERPs). See

Evoked potentials (EPs)
Evoked potentials (EPs), 289–293

cognitive (endogenous), 289

978 THE AMERICAN PSYCHIATRIC PRESS TEXTBOOK OF GERIATRIC NEUROPSYCHIATRY, SECOND EDITION



deafferentation in ascending
pathways and, 300–301

delirium diagnosis and assessment
and, 292–293

dementia detection and, 290–292
normal aging and, 289–290, 290
stimulus bound (exogenous), 289

Excessive opioid hypothesis, of
stereotypic movement disorder,
470–471

Excretion, of drugs, 781
age-related changes in, 704

Executive Control Battery (ECB), 153,
154

Executive function, 739–742
anatomy of, 739
assessment of, 130–134, 131–134

tests for, 153, 154
deficits in

behavioral, after prefrontal
damage, 739–740

cognitive, after prefrontal damage,
740–741, 741, 742

in Parkinson’s disease, 568
frontal lobe syndromes and, 742,

742
in frontotemporal dementia, 519
in Parkinson’s disease, with

dementia, 573
Executive Interview, 139
Exelon, for Parkinson’s disease, 574
Exercise, in rehabilitation programs,

921
Exogenous evoked potentials, 289
Expert consultation and testimony, on

competency, 959–960
Explicit memory, 735
Extrapyramidal disorders, subcortical,

136
Extrapyramidal motor examination,

119–120
Extrapyramidal side effects, 801, 802,

803
with antidepressants, 785
of lithium, 793

Eye movements, assessment of, 119

Facial Recognition test, 153
Fahr’s disease, 97
Falls, 68

drug-related, 710–711, 767–769, 769
with anticonvulsants, 796
with antidepressants, 785

among nursing home residents, 899
Familial thalamic dementia, 681–682

Familial tremor, 533
Family, participation in aphasia therapy,

925
Family support, following traumatic

brain injury, 642–643
Fatal familial insomnia (FFI), 681–682
Fatigue, in multiple sclerosis, 674
Felodipine, metabolism of, 758
Fenfluramine, neuropsychiatric

disorders induced by, 726
Fetal alcohol syndrome, 110
Fiduciary abuse, of elders, 955
Finances, competency to manage, 954
Finger Oscillation Test (Finger

Tapping), 155
First-pass metabolism, 780
Five-Factor Model, 455
Flavoxate, neuropsychiatric disorders

induced by, 725
Flecainide, metabolism of, 757
Fluent aphasia, 115, 128, 136, 734, 734

treatment of, 925
Fluorine-19 magnetic resonance

spectroscopy, 271
Fluoxetine (Prozac)

clinical pharmacology of, 321
for dementia, 505, 810
dosage of, 787
for major depression, in

neurologically impaired
patients, 321

metabolism of, 755
neuropsychiatric disorders induced

by, 724
neurotransmitter effects of, 579
for pseudobulbar affect, 783
side effects of, 477, 580

Fluphenazine, dosage of, 800
Fluphenazine decanoate and enanthate,

dosage of, 800
Flurazepam

dosage of, 805
metabolism of, 796

Flutamide, neuropsychiatric disorders
induced by, 727

Fluvoxamine (Luvox)
for anxiety disorders, 358
clinical pharmacology of, 321
dosage of, 787
metabolism of, 755
side effects of, 477

Focal brain lesions, visuospatial
disturbance and, 129

Focal dystonia, 544, 545–546
Focal lobar atrophies, 522–523

Folic acid deficiency, 67–68
dementia due to, 502, 503

Forced normalization, 658
Forgetfulness. See also Amnesia;

Memory impairment
age-inappropriate, clinical

significance of, 169–170
late-life, 167, 172
senescent, benign, 166, 168, 172

Fractures, 68
Frontal lobe(s). See also Executive

function
cortical connections with, 95–98, 96,

97
disorders of, 137, 137–138
memory and, 737
tumors of, neuropsychiatric

manifestations of, 671–672
Frontal lobe hypothesis, of alcohol

abuse, 376
Frontal lobe syndromes, 742, 742
Frontal region, neuropsychiatric

findings in, 121
Frontal release signs, assessment of,

120
Frontal-Subcortical Assessment Battery,

116
Frontotemporal dementia (FTD), 114,

135, 517–524
Alzheimer’s disease compared with,

521
clinical features and differential

diagnosis of, 518–519, 520,
521

differential diagnosis of, 157
epidemiology of, 517–518
genetics of, 912–913
neuropathological findings in, 519,

521
neuropsychological profile in,

156
nosology of, 517
subtypes of, 519, 521–524
treatment of, 524

Functional assessment, 139
Functional brain imaging, 11, 239–261,

267–282, 268. See also specific
imaging modalities

in dementia, vascular, 496, 498
functional magnetic resonance

imaging for, 267–268, 268,
277–282

blood oxygen level-dependent,
277, 277–279, 278, 280

perfusion, 279–282, 280, 281
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Functional brain imaging (continued)
magnetic resonance spectroscopy

for, 269, 269–277
basic principles of, 268–270, 269,

270
data analysis problems with, 270
magnetic resonance spectra and

their neurochemical
correlates and, 270–271,
272–276

in normal aging, 271, 273,
276–277

in Parkinson’s disease, 574
positron-emission tomography for.

See Positron-emission
tomography (PET)

in traumatic brain injury, 639
Functional Independence Measure

(FIM), 625, 918, 918
Functional limitations, epidemiology of,

25–26, 26
Functional MRI (fMRI), of brain,

267–268, 268, 277–282
blood oxygen level-dependent, 277,

277–279, 278, 280
perfusion, 279–282, 280, 281
in traumatic brain injury, 639

Funding, fragmentation of, 893
Fungal infections, 686

meningitis, cerebrospinal fluid
profile in, 677

Furosemide, anticholinergic drug level
in, 448

Gabaminergic system, in normal aging
and common diseases, 701, 702

Gabapentin (Neurontin), 662
for aggression, 484
for bipolar disorder, 794
for pain, 426
psychiatric effects of, 663
for seizure disorders, 662–663

GABA receptors, pain and, 420–421
Gabitril (tiagabine), 662

for pain, 426
psychiatric effects of, 663

Gait disorders, drug-induced, 710–711,
711t

Gamma-aminobutyric acid (GABA),
101

aggression and, 480
arousal and consciousness and,

444
origins and destinations of, 99

Gastaut-Geschwind syndrome, 660

Gastroesophageal reflux, in mentally
retarded elderly persons, 467

Gegenhalten, 119–120
Gender. See Sex
Generalized anxiety disorder (GAD)

in mentally retarded elderly persons,
469

in Parkinson’s disease, 581
treatment of, pharmacological, 358,

798–799
Generalized dystonia, 544
Generalized tonic-clonic seizures

(GTCSs), 656
Genes, 906
Genetic history, 110
Genetics, 905–914

of aging, 34–35
allelic association studies and,

909–911, 910
of dementia, 911–913

Alzheimer’s disease, 512, 912, 912
frontotemporal, 912–913

DNA and, 906
age-related changes in, 907

future ethical issues concerning,
941–942

gene expression and, 906–907
genetic testing and, 913
of Huntington’s disease, 536
of late-life—onset schizophrenia,

333
linkage studies and, 907–909, 908
RNA and, 906

Genomic theories of aging, 34
Gepirone, for depression, 799
Geriatric Evaluation by Relative’s

Rating Instrument (GERRI), 146
Geriatric neuropsychiatry

aging and. See Aging
aging and brain and, 6–7
behavioral neurology and, 5
clinical training in, 5
converging information in, 5–6, 6
defined, 3
as discipline, 4, 4
geriatric psychiatry and, 4–5
medical illness and drugs and, 9, 10
neuropsychiatry and, 4

Geriatric psychiatry, geriatric
neuropsychiatry and, 4–5

Gerstmann-Stra ssler-Scheinker (GSS)
syndrome, 681

Gerstmann syndrome, 734
Gestational history, 110–111
Giant cell arteritis, 687–688

Gifts, competency to make, 950–951
Gilles de la Tourette syndrome,

551–552
Ginkgo biloba, for cognitive decline,

815
Glasgow Coma Scale (GCS), 623, 623
Glasgow Outcome Scale (GOS), 625
Glaucoma, 65

electroconvulsive therapy and, 848
Glial cell line-derived neurotrophic

factor (GDNF), aging and, 62
Gliomas, 669

treatment of, 671
Gliosis, subcortical, progressive, 522
Global aphasia, 136, 733, 734

treatment of, 925
Global Deterioration Scale, 139
Globus pallidus disorders, 97
Glucose intolerance, 64
Glucose metabolism, cerebral,

positron-emission tomography
and, 241–242, 243, 246, 247–248,
249

Glutamate, 101–102
origins and destinations of, 99

L-Glutamide, neuropsychiatric
disorders induced by, 727

Glycine, 102
Gompertz Law, 33
“Go/no go,” for assessment of response

control, 132
Grand mal seizures, 656
Granulomatosis

lymphomatoid, 689
cerebrospinal fluid profile in, 677

Wegener’s, 689
Granulomatous angiitis, 688–689

cerebrospinal fluid profile in, 677
Granulovacuolar degeneration, aging

and, 45, 47
Gray matter, of brain, age-related

reduction of, 191
Griseofulvin, neuropsychiatric disorders

induced by, 724
Grooved Pegboard Test, 155
Growth hormone, age-related changes

in, 64
Guanethidine

depression induced by, 708
neuropsychiatric disorders induced

by, 723
Guardians, 954, 955
Guild Memory Scale, hippocampal

atrophy and, 195
Gustation
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age-related changes in, 65
drug-induced disturbances of, 715

Halazepam
dosage of, 797
metabolism of, 796
pharmacokinetics of, 357

Hallucinations
in Alzheimer’s disease, 513
in delirium, 443
drug-induced, 723–728

in Parkinson’s disease, 583, 584
following stroke, 610

Hallucinogens, neuropsychiatric
disorders induced by, 725–726

Hallucinosis, peduncular, 610
Haloperidol, 803

for delirium, 805–806
for dementia, 506
dosage of, 800
for late-life—onset psychosis, 340
metabolism of, 755
orthostatic hypotension and, 767
for psychosis, with neoplastic

disease, 671
Halothane, neuropsychiatric disorders

induced by, 727
Halstead-Reitan Neuropsychological

Battery (HRNB), 145, 147–148,
148, 155

Hamilton Anxiety Rating Scale
(HARS), 353

Handedness, 110–111
brain imaging and, anatomic, 183
electroconvulsive therapy and, 841
in language assessment, 128

Handicaps, 918
Hand sequences, for assessment of

programming skill, 132
H2 blockers

delirium and cognitive impairment
induced by, 707

depression, mania, and psychosis
induced by, 709–710

neuropsychiatric disorders induced
by, 725

H1 blockers, neuropsychiatric disorders
induced by, 725

Headaches, migraine, treatment of, 422,
425

pharmacological, 783
Head injury. See Traumatic brain injury

(TBI)
Health. See also Medical illness

diversity of, 27

of elderly population, improvement
in, 27

Health care proxy, 948
ethical issues concerning, 939

Hearing, assessment of, 119
Hearing impairment, 66

epidemiology of, 25, 25
Heart disease. See Cardiovascular

disease
Heavy drinking

definition of, 368
problem drinking versus, 372

Heavy metals, neuropsychiatric
disorders induced by, 727

Helm Elicited Language Program for
Syntax Stimulation, 924

Hematoma, intracranial, 624
Hemianopsia, homonymous, 87
Hemiattentional disorders. See Neglect
Hemiballismus, 540
Hemidystonia, 544
Hemifacial spasm, 551
Hemimotor syndromes, 87
Hemisensory deficits, 87
Hemispheric asymmetry

age-related, 192
aging and, 188

Hemispheric specialization, 87–89,
89

Hemorrhage
aphasia due to, 136
intracranial, 603

Hepatic drug metabolism, 751,
753–754, 755–758, 756

Hepatic encephalopathy, assessment of,
QEEG for, 293

Herbal remedies, disorders induced by,
715

Heroin dependence, 389
Herpes simplex encephalitis, 682–683

cerebrospinal fluid profile in, 677
Heterocyclic antidepressants (HCAs),

782–786. See also specific drugs
available preparations of, 783,

783–784
falls and, 768
interactions of, 786, 787
metabolism and dosing of, 784
neurological uses of, 782–783
neuropsychiatric side effects of, 784,

785
orthostatic hypotension and, 765
special considerations with, 784, 786
tricyclic

for anxiety, 799

delirium and cognitive
impairment induced by, 706

for delusional depression, 323
drug interactions of, 721, 787
for major depression, 321,

321–322
neuropsychiatric disorders

induced by, 724
orthostatic hypotension and, 765,

767
for pain, 424
withdrawal from, neuropsychiatric

disorders induced by, 725
Hip fractures, 767
Hippocampus, 36–40

age-related changes in,
neuropsychological correlates
of, 195

cellular alterations with normal
aging, 37–38, 40, 41

function of, 90
neurons in, alteration in number in

individuals over age 65, 41
normal intrinsic connections of,

36–37, 38–40
Hirano bodies, aging and, 45, 47
Hispanic elderly persons, proportion of

population, 18, 19
Histamine, origins and destinations of,

99
Histamine blockers. See H1 blockers;

H2 blockers
Histaminergic neurons, 102
History taking, 110, 110–113, 146

in mental status examination, 126
HIV-1 associated minor

cognitive/motor disorder, 683–684
HIV encephalopathy, 684
Homonymous hemianopsia, 87
Hopkins Verbal Learning Test (HVLT),

151, 174
Hormonal agents. See also specific

hormones
sexual dysfunction induced by, 713

Human immunodeficiency virus (HIV)
infection, 683–685, 684, 685

dementia associated with, 500–501,
684

cerebrospinal fluid profile in, 677
Huntington’s disease, 97, 534–539

course of, 536
dementia in, 135

differential diagnosis of, 157
diagnosis of, 536–537, 537, 538
differential diagnosis of, 537, 538
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Huntington’s disease (continued)
genetics of, 536
movement disorders in, 534–535
neuropsychological and psychiatric

features of, 535–536
oromandibular dystonia and tardive

dyskinesia differentiated from,
538

treatment of, 537–539
Hutchinson-Guilford syndrome, 34
Hydergine, for cognitive decline,

814–815
Hydralazine, neuropsychiatric disorders

induced by, 723
Hydrocephalus

dementia associated with, 497–499
evaluation of, 498
treatment of, 498–499

normal pressure, dementia associated
with, 497

Hydrochlorothiazide, anticholinergic
drug level in, 448

Hydrochlorothiazide + triamterene
(Dyazide), anticholinergic drug
level in, 448

Hydrogen magnetic resonance
spectroscopy, 271

Hydrogen peroxide, aging and, 35
Hydromorphone, for pain, 806
Hydroxyl radicals, aging and, 35
Hydroxyzine

for anxiety disorders, 358
for dementia, 799

Hyoscyamine, neuropsychiatric
disorders induced by, 724, 725

Hyperkinetic movement disorders,
531–552

chorea. See Chorea; Huntington’s
disease

dystonia. See Dystonia
myoclonus, 548–551, 549

hemifacial spasm, 551
idiopathic, 548–549
secondary, 549–550
segmental, 550–551

tics, 551, 551–552
tremor. See Tremor

Hypersexuality, limbic system and, 91
Hypertension, 50, 53, 54

during electroconvulsive therapy,
847

epidemiology of, 25
in mentally retarded elderly persons,

467
Hyperthyroidism, anxiety and, 351

Hypnotics. See also Sedative-hypnotics
falls and, 768
for insomnia, 804

Hypokinetic movement disorders, 531
Hypoperfusion, 50, 52, 55

of watershed areas, 495, 495
Hyposexuality

limbic system and, 91
in seizure disorders, 661

Hypotension, orthostatic,
pharmacodynamics and, 765, 767,
767

Hypothalamic-cortical projections,
arousal and consciousness and, 444

Hypothalamic-pituitary-adrenal axis,
function of, 64

Hypothalamus
age-related changes in, 62–63
histamine-synthesizing neurons in,

arousal and consciousness and,
444

tumors of, neuropsychiatric
manifestations of, 672

Hypothermia, with antipsychotic drugs,
802

Hypothyroidism, in mentally retarded
elderly persons, 467

Hypoxia, 679

Ibuprofen
anticholinergic drug level in, 448
neuropsychiatric disorders induced

by, 723
Ideational apraxia, 134
Ideomotor apraxia, 134
Idiopathic dystonia, 544–546
Illicit drug use and dependence,

388–389
Image selected in vivo spectroscopy

(ISIS), 269
Imaging. See Neuroimaging

of brain. See Anatomic brain
imaging; Brain, imaging of;
Functional brain imaging;
specific imaging modalities

Imipramine (Tofranil), 783
for anxiety disorders, 358
for depression, in Parkinson’s

disease, 577
dosage of, 783
metabolism of, 755, 784
for pain, 424
side effects of, 580

Imitation behavior, for assessment of
response control, 132

Immediate memory, 165, 735
Immune system, aging of, 67
Immunotherapy, side effects of, 676
Impairment, 917–918
Implicit memory, 735
Income, of elderly population, 18–19
Independent Living Scale (ILS), 155
Indole hallucinogens, neuropsychiatric

disorders induced by, 725
Indomethacin, neuropsychiatric

disorders induced by, 723
Infarction, aphasia due to, 136
Infections, 680–687. See also specific

infections
bacterial, 685–686
dementia due to, 500–501
fungal, 686
myoclonus secondary to, 550
prion, 680–682. See also specific

infections
spirochete, 686–687
viral, 682–685. See also specific

infections
Inflammatory disorders, 687–691, 688.

See also specific disorders
Influenza, as cause of death, 21
Informed consent

for electroconvulsive therapy, 842
incapacity to consent and, 896, 898
for medical care, competency to

give, 947–948, 948
for research

competency to consent to
enrollment in studies and,
949–950, 950

ethical issues concerning, 941
Injury Severity Scale (ISS), 623
Insomnia. See also Sleep disorders

alcohol-associated, 378–379
anxiety and, 355
treatment of, 803–805, 804, 805

Institutionalization, 26, 27
Instruction directives, 948
Instrumental activities of daily living

(IADLs)
assessment of, 139

tests for, 155
limitation of, epidemiology of, 26

Instrumental Activities of Daily Living
Scale, 155

Insulin, anticholinergic drug level in,
448

Insulin-dependent diabetes mellitus, in
mentally retarded elderly persons,
467
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Intellectual distortion, in mentally
retarded elderly persons, 465

Intellectual processes, assessment of,
tests for, 151

Intention tremor, 532, 532, 534
Interdisciplinary treatment,

multidisciplinary treatment
contrasted with, 430

Interferon, neuropsychiatric disorders
induced by, 726

International Classification of Diseases
(ICD), 21

International Classification of Epileptic
Seizures, 655, 656

Interpersonal psychotherapy (IPT), for
depression, 862, 865–866

Intima, arterial, 49
in atherosclerosis, 48, 48, 51

Intoxication, from alcohol, 377
Intracranial hematoma, 624

following traumatic brain injury, 628
Intracranial hemorrhage, 603
Introns, 906
Iproniazid, neuropsychiatric disorders

induced by, 725
Ipsapirone, for depression, 799
Iron, brain nuclei rich in, 199
Ischemia Scale (ID), 493
Isocarboxazid (Marplan), dosage of, 788
Isoetharine, neuropsychiatric disorders

induced by, 726
Isolated angiitis of CNS, 688–689
Isoniazid, neuropsychiatric disorders

induced by, 725
Isoproterenol, neuropsychiatric

disorders induced by, 726
Isosafrole, neuropsychiatric disorders

induced by, 727
Isosorbide dinitrate, anticholinergic

drug level in, 448

Joint accounts, 955
Joint tenancy, 955
Judgment of Line Orientation test,

153
Justice, 936

Ketamine, neuropsychiatric disorders
induced by, 726

Ketoconazole, metabolism of, 757
Kety-Schmidt technique, 240
Kinesins, aging and, 45
Kinetic tremor, 532, 532, 534
Klonopin. See Clonazepam (Klonopin)
Kl ver-Bucy syndrome, 115, 518, 521

Koniocortex, structure and function of,
84

Korsakoff’s syndrome, 135
Kuru, 682

Labetalol, during electroconvulsive
therapy, 847

Laboratory studies
in anxiety, 353
in dementia, 504

Lacunae, stroke and, 603
Lacunar state, 495
Lamotrigine (Lamictal), 662

for aggression, 484
for bipolar disorder, 794
for pain, 426
psychiatric effects of, 663

Language, 731–735
anatomy of, 732–733, 733, 734
aphasia and. See Aphasia
assessment of, 128–129

tests for, 154–155
distinction between speech and, 731
as lateralized function, 88
left hemisphere dominance for,

731–732
Language deficits

in Alzheimer’s disease, 513
in frontotemporal dementia, 519
in Parkinson’s disease, 568

with dementia, 573
Lanoxin, anticholinergic drug level in,

448
Late-life forgetfulness (LLF), 167, 172
Late-life—onset psychoses, 329–343.

See also Late-life—onset
schizophrenia

brain changes in, 334–338, 335
functional, 337, 338
neuropathology and, 337–338
structural, 335–337, 336

classificatory and investigational
scheme for, 333, 333

clinical picture and phenomenology
of, 330–331, 331

course of, 341
diagnosis of, 339
epidemiology and prevalence of, 330
historical background of, 330
multi-infarct disease related to, 332,

341–342
neuropsychological testing in, 338
paranoid, without hallucinations,

332
prognosis of, 341

risk factors for, 333, 333–334
scope of, 331–333, 332
treatment of, 339–341, 340

Late-life—onset schizophrenia, 329
early-onset schizophrenia compared

with, 330–331, 331
epidemiology and prevalence of, 330
risk factors for, 333, 333–334

Late-onset panic disorder, 349
Late paraphrenia, 329, 330, 332
Laterality, of cerebral hemispheres,

87–89, 89
Lateral prefrontal syndrome, 97
Laughing, pathological, following

stroke, 613
Law

civil, competency in. See
Competence, in civil law

criminal, competency in, 946–947
tension between ethics and, 937

Learning, assessment of, 128
Left hemisphere

aging and, 190
language and, 731–732
neuropsychiatric findings in, 121
visuoconstructive deficits

characteristic of lesions of,
131

Legal issues, with electroconvulsive
therapy, 851

Leukoariosis, 496
Leukodystrophy, metachromatic, 679
Leuprolide, for aggression, 484–485
Levodopa

effects on mood, 576–577
neuropsychiatric disorders induced

by, 723
delusions, 583
dystonia, 546

for Parkinson’s disease, 562–563
sexual dysfunction induced by, 713
side effects of, 563

Lewy bodies, 47, 49, 57, 59, 60
aging and, 45, 48
dementia with, 517

differential diagnosis of, 157–158
neuropsychological profile in,

156
in Parkinson’s disease, 570–571,

571
hyperphosphorylation of, 45, 48

Lidocaine
during electroconvulsive therapy,

847
metabolism of, 757
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Lidocaine (continued)
neuropsychiatric disorders induced

by, 723
for pain, 426

Life expectancy, 19–20, 20
Life review therapy, for depression,

866–867, 868–869, 869
Light therapy

for aggression, 484
for dementia, 810
for depression, 791
sleep quality and, 410

Limbic encephalitis, 502
Limbic encephalopathy, 673
Limbic lobes, 36, 38
Limbic nuclei, function and anatomic

relationships of, 95
Limbic striatum, 97
Limbic system, 102

asymmetries of, 92–93
anatomic and biochemical, 92

behavior and, 82, 82
neuropsychiatric disorders associated

with disorders of, 89–93, 90,
91

lateralized, 92–93, 93
Limited guardianship, 955
Linkage studies, genetic, 907–909, 908
Lipofuscin, aging and, 45, 47
Lisuride

neuropsychiatric disorders induced
by, 723

for Parkinson’s disease, 566
Lithium, 324–325, 325, 792–795

for aggression, in mentally retarded
elderly persons, 472

alternatives to, 793–795, 795, 796
drug interactions of, 722
interactions of, 793, 794
metabolism and dosing of, 792
neurological uses of, 792
neuropsychiatric disorders induced

by, 724
neuropsychiatric side effects of,

324–325, 792–793, 793
orthostatic hypotension and, 767
pharmacodynamics of, 759
for poststroke mania, 325
special considerations with, 793

Lithium-7 magnetic resonance
spectroscopy, 271

Living arrangements
of elderly population, 18
of mentally retarded persons, 464

Living wills, 948, 949

ethical issues concerning, 939
Locked-in syndrome, 87
Locus ceruleus

anxiety and, 349–350
noradrenaline production in, 58

Long-term care facilities, 891–901
admission to, 26, 27
environment of, 894–897

incapacity to consent to medical
care and, 896

limited research into treatment
and, 895–896

regulatory oversight and, 895
special care units and, 896–897

historical background of, 892
Omnibus Budget Reconciliation Act

of 1987 and, 781
optimizing care in, 898–899
principles of care in, 897
psychotherapy in, 878, 879–880,

880–881
safety concerns in, 899–900
types of patients in, 892–894

Long-term memory, 165, 735
Loperamide, neuropsychiatric disorders

induced by, 724
Loratadine, metabolism of, 757
Lorazepam

for anxiety disorders, 356, 357
for delirium, 806
dosage of, 797
pharmacokinetics of, 357

Lorcainide, sleep disorders induced by,
712

Lovastatin, metabolism of, 758
Loxapine, 803

dosage of, 800
Ludiomil (maprotiline)

dosage of, 783
neuropsychiatric disorders induced

by, 724
for seizure disorders, 786

Luria-Nebraska Neuropsychological
Battery, 147, 148, 149

Luvox (fluvoxamine)
for anxiety disorders, 358
clinical pharmacology of, 321
dosage of, 787
metabolism of, 755
side effects of, 477

Lyme disease, 687
cerebrospinal fluid profile in, 677

Lymphoma, CNS, 685, 685
Lymphomatoid granulomatosis, 689

cerebrospinal fluid profile in, 677

MacArthur Competence Assessment
Tool-Technique, 947

McGill Pain Questionnaire,
classification of pain patients using,
429

Machado-Joseph disease, 547
Macropyramidal cortex, structure and

function of, 84
Macular degeneration, 65
Magnetic resonance imaging (MRI), 10,

11, 184
in Alzheimer’s disease, 514
with brain tumors, 670, 670, 671
in depression, 315
functional, of brain, 267–268, 268,

277–282
blood oxygen level-dependent,

277, 277–279, 278, 280
perfusion, 279–282, 280, 281
in traumatic brain injury, 639

in hydrocephalic dementia, 498
in Parkinson’s disease, 574
in traumatic brain injury, 639

Magnetic resonance spectroscopy
(MRS), 10

in Alzheimer’s disease, 515
of brain, 199, 269, 269–277

basic principles of, 268–270, 269,
270

data analysis problems with, 270
magnetic resonance spectra and

their neurochemical
correlates and, 270–271,
272–276

in normal aging, 271, 273,
276–277

Magnetic resonance spectroscopy
imaging (MRS), 269–270

Magnetic stimulation, transcranial, 279,
851

repetitive, for depression, 791
Major depression, 314

alcohol abuse and, 379, 380
electroconvulsive therapy for, 832,

833–835, 836
among nursing home patients, 894
treatment of, 316–324

Managed care, ethical issues
concerning, 938

Manganese
neuropsychiatric disorders induced

by, 727
toxicity of, 97

Mania, 324–325. See also Bipolar
disorder
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depression arising from, 500
drug-induced, 708–710, 723–728,

817
in Parkinson’s disease, 586

electroconvulsive therapy for, 836
frontal-subcortical circuit disorders

associated with, 97
limbic system and, 91
in multiple sclerosis, 675
with neoplastic disease, treatment of,

671
in Parkinson’s disease, 581
following stroke, 324, 614–615

mechanism of, 615
treatment of, 325

treatment of, 324–325, 325, 671
types of, 324

Maprotiline (Ludiomil)
dosage of, 783
neuropsychiatric disorders induced

by, 724
for seizure disorders, 786

Marchiafava-Bignami disease, 678
Marijuana use, 389
Marital status, of elderly population, 18
Marplan (isocarboxazid), dosage of, 788
Masked depression, 313
Mattis Dementia Rating Scale, 138

hippocampal atrophy and, 195
Mebeverine, neuropsychiatric disorders

induced by, 727
Meclizine, neuropsychiatric disorders

induced by, 727
Meclobemide, 788
Media, arterial, 49
Medial frontal syndrome, 97, 137, 137
Median zone. See Reticular formation
Medical disorders, age-related,

pharmacology and, 750
Medical history, 112
Medical illness. See also specific illnesses

alcohol-related, 374
anxiety and, 350–352, 354
as cause of death, 20, 21
depression and, 314
geriatric neuropsychiatry and, 9
medication compliance and, 770
in mentally retarded elderly persons,

466–467
among nursing home patients,

893–894
psychotherapy and, 871, 872,

873–874
severe, risk of, 22–23, 23
sleep disorders and, 404–405

Medication compliance, 704–705, 769,
769–770

in late-life—onset psychosis, 340
Medication history, 112

brain imaging and, anatomic, 183
Medicolegal issues, with

electroconvulsive therapy, 851
Meditation-relaxation, cognitive

restructuring compared with, 881
Mefloquine, neuropsychiatric disorders

induced by, 725
Megaloblastic anemia, with

anticonvulsants, 796
Melatonin, sleep quality and, 410, 712
Melodic intonation therapy (MIT), for

aphasia, 924
Memory, 735–737

assessment of, 127–128
tests for, 151–152, 152, 174–175

declarative, 735, 735
episodic, 735

in Alzheimer’s disease, 513
explicit, 735
implicit, 735
long-term (recent), 165, 735
in Parkinson’s disease, with

dementia, 572–573
procedural, 735, 735
remote (tertiary), 165, 735

assessment of, 152
semantic, 735

in Alzheimer’s disease, 513
short-term (immediate), 165, 735
spatial, assessment of, 151–152
theoretical model of, 735, 735
working, in Alzheimer’s disease, 513

Memory impairment, 135, 925–928. See
also Amnesia; Forgetfulness

age-associated. See Age-associated
memory impairment (AAMI)

age-consistent, 167
in Huntington’s disease, 536
incidence of, 925–926
in multiple sclerosis, 675
outcome with, 927–928
in Parkinson’s disease, 568
treatment of, 926–927, 927

Mendelian traits, 905
Meningeal carcinomatosis, 502
Meningiomas, 669

treatment of, 671
Meningitis

bacterial
acute, 685–686
cerebrospinal fluid profile in, 677

dementia due to, 500
fungal, cerebrospinal fluid profile in,

677
Meningoencephalitis, aseptic,

cerebrospinal fluid profile in, 677
Menopause, 63, 63–64
Mental illness. See Psychiatric disorders;

specific disorders
Mental retardation, 463–473

clinical assessment of elderly patients
with, 464–466, 465

definition of, 463
demographics of, 464
medical evaluation in elderly patients

with, 466–467
neuropsychiatric disorders in elderly

patients with, 467–473
normal aging in, 464
social aspects of, 464

Mental side effects, of lithium, 793
Mental status examination, 116–117,

125–134
agnosia in, 134
apraxia in, 134
attention in, 126–127
calculation in, 130
clinical history and, 126
executive skills in, 130–134,

131–134
language in, 128–129
memory in, 127–128
technique for, 126, 127
visuospatial skills in, 129, 130, 131

Mepacrine, neuropsychiatric disorders
induced by, 727

Meperidine, metabolism of, 757
Meprobamate

neuropsychiatric disorders induced
by, 724

withdrawal from, neuropsychiatric
disorders induced by, 725

Mercury, neuropsychiatric disorders
induced by, 727

Mesencephalic tissue, fetal,
transplantation of, for Parkinson’s
disease, 567–568

Mesial frontal apathetic syndrome, 114
Mesocortex, structure and function of,

84
Mesoridazine, dosage of, 800
Metabolic disorders

encephalopathies, dementia due to,
502–503

myoclonus secondary to, 549
Metabolism, of drugs, 780–781

Index 985



Metachromatic leukodystrophy (MLD),
679

Metastatic tumors, 669
treatment of, 671

Methohexital, for electroconvulsive
therapy, 843

Methoserpidine, neuropsychiatric
disorders induced by, 727

Methyldopa
anticholinergic drug level in, 448
neuropsychiatric disorders induced

by, 723
α-Methyldopa, depression induced by,

708
Methylphenidate (Ritalin)

for delusional depression, 324
dosage of, 790, 791
neuropsychiatric disorders induced

by, 726
Methylxanthines, sleep disorders

induced by, 712
Methysergide, neuropsychiatric

disorders induced by, 727
Metoclopramide, neuropsychiatric

disorders induced by, 727
Metoprolol

anticholinergic drug level in, 448
metabolism of, 757
sleep disorders induced by, 712

Metrifonate, for cognitive decline, 813
Metrizamide, neuropsychiatric

disorders induced by, 727
Metronidazole, neuropsychiatric

disorders induced by, 724
Mexiletine

metabolism of, 757
for pain, 426

Mianserin, for psychoses, drug-induced,
586

Microglia, aging of, 36
Microtubules, aging and, 45
Midazolam, 796

for delirium, 806
dosage of, 797, 805
metabolism of, 755

Midbrain (“rubral”) tremor, 534
Midline tumors, neuropsychiatric

manifestations of, 672
Migraines, treatment of, 422, 425

pharmacological, 783
Mild cognitive impairment (MCI), 156
Mini-Mental State Exam (MMSE), 116,

138
in delirium, 448, 449
in dementia, 504

Minnesota Heart Survey, 22
Mirtazepine (Remeron)

dosage of, 783
for major depression, 322, 323
for migraine, 783
for nausea, 783

Mithramycin, neuropsychiatric
disorders induced by, 726

Mitochondrial DNA, 906
Molindone, 803

dosage of, 800
neuropsychiatric disorders induced

by, 724
Monitoring, for assessment of synthesis,

133
Monoamine oxidase, age-related

changes in, 61
Monoamine oxidase inhibitors

(MAOIs), 787–790. See also specific
drugs

available preparations of, 788, 788
interactions of, 789–790, 790
for major depression, 323

with neurological illness, 323
metabolism and dosing of, 788
neurological uses of, 788
neuropsychiatric disorders induced

by, 724, 788, 789
orthostatic hypotension and, 767
for pain, 425
special considerations with,

788–789
withdrawal from, neuropsychiatric

disorders induced by, 725
Mood

assessment of, 117
in multiple sclerosis, 674–675

Mood disorders, 313–325. See also
Depression; Major depression;
Mania

alcohol-associated, 379, 380
in dementia, electroconvulsive

therapy for, 838
epidemiology of, 24
limbic system and, 90, 91
rehabilitation for, 929–930
symptomatic differences in elderly

persons and, 313–314
Mood-stabilizing drugs. See also

Lithium
metabolism of, 755
neuropsychiatric side effects of,

324–325
Morbidity, compression of, 27
Morphine dependence, 389

Mortality
due to cardiovascular disease, anxiety

and, 355
with electroconvulsive therapy, 846
protective value of alcohol against,

373–374
rates of, 20–21, 21

Gompertz Law of, 33
following traumatic brain injury,

629–630, 630, 631
Motor circuit, 96
Motor cortex, primary, 83–84, 84, 85
Motor examination, extrapyramidal,

119–120
Motor learning, in rehabilitation

programs, 922
Motor nuclei, function and anatomic

relationships of, 95
Motor processes, assessment of, tests

for, 155
Motor systems, in frontotemporal

dementia, 519
Motor tics, 551
Movement disorders

alcohol-associated, 379
drug-induced, 710–711, 711t
hyperkinetic. See Hyperkinetic

movement disorders; specific
disorders

hypokinetic, 531
sleep and, 409

Multidimensional Pain Inventory,
classification of pain patients using,
429

Multidisciplinary treatment
interdisciplinary treatment

contrasted with, 430
for pain, 429–439

Multifocal dystonia, 544
Multi-infarct dementia (MID), 492,

493, 495
multi-infarct disease differentiated

from, 341–342
Multi-infarct disease

late-life—onset psychoses related to,
332, 341–342

multi-infarct dementia differentiated
from, 341–342

Multiple-input phoneme therapy, for
aphasia, 924–925

Multiple loops, for assessment of
response control, 132, 132

Multiple sclerosis (MS), 673–677
cerebrospinal fluid profile in, 677
clinical features of, 673
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neuropsychiatric aspects of, 674,
674–675

pathophysiology and diagnosis of,
675, 675

treatment of, 675–677
Multiple system atrophy, 547
Muscle stretch reflexes, assessment of,

120
Music, hemispheric dominance for

processing of, 89
Mutations, 906, 912
Mutism, akinetic, 134–135
Myocardial infarction, anxiety and,

351
Myoclonus, 548–551, 549

drug-induced, 711
essential, 549
hemifacial spasm, 551
idiopathic, 548–549
secondary, 549–550
segmental, 550–551

Mysoline (primidone), 662
cognitive impairment induced by,

708
for essential tremor, 533
psychiatric effects of, 663

Nadolol, for dementia, 810
Nalidixic acid, neuropsychiatric

disorders induced by, 725
Naming, assessment of, 129
Naproxen, neuropsychiatric disorders

induced by, 723
Narcolepsy, 408
Narcotics. See Opioid entries
Nardil (phenelzine)

for anxiety disorders, 358
dosage of, 788
side effects of, 477

Narrative ethics, 937
National Institute of Neurological and

Communicative Disorders and
Stroke (NINCDS), Alzheimer’s
disease criteria of, 55

Nausea, treatment of, pharmacological,
783

Nefazodone (Serzone)
for dementia, 810, 811
dosage of, 783
for insomnia, 805
for major depression, 322, 323
metabolism of, 755
neurotransmitter effects of, 579
for pain, 425
side effects of, 580

Neglect, 730, 730–731, 731, 732,
928–929

incidence of, 928
outcome with, 929
sensory, 135
treatment of, 928, 928
unilateral, 135

Neocortex, 82, 82–89, 102
functional organization of, 83–85,

84–86
hemispheric specialization, laterality,

and dominance and, 87–89
histologic organization of, behavior

and, 83, 84
white matter connections of, 85–87,

87, 88
NEO Personality Inventory (NEO-PI),

455, 455
Neoplastic disease, 669–673. See also

Cancer
aphasia due to, 136
dementia associated with, 501–502
demography of, 669–673
laboratory evaluations in, 670,

670–671, 671
myoclonus secondary to, 550
neuropsychiatric manifestations of,

671–672
paraneoplastic syndromes with,

672–673
pathology of, 670
physiology of, 669–670
treatment and prognosis of, 671

Nephritis, as cause of death, 21
Nephrosis, as cause of death, 21
Nerve growth factors

aging and, 62
for cognitive decline, 816

Nervous system
age-related changes in,

psychopharmacology and,
779–780

central. See also Brain; Spinal cord
aging of, 66–67

peripheral, aging of, 67
Neuroacanthocytosis, 97
Neurobehavioral assessment, 117–118
Neurobehavioral Cognitive Status

Examination, 138
Neurobehavioral Rating Scale, 138
Neurobehavioral syndromes, 729–743.

See also Attention; Executive
function; Language deficits;
Memory impairment;
Visuoperceptual function

Neurobiology
of aging. See Aging, neurobiology of
of anxiety in elderly persons,

349–350
of arousal and consciousness,

443–444
of behavior. See Behavior,

neurobiology of
of pain, 419–421

ascending tract and descending
inhibition mechanisms, 421

dorsal horn mechanisms, 420–421
peripheral mechanisms, 419–420

Neuroborreliosis, 687
cerebrospinal fluid profile in, 677

Neurochemistry
of Alzheimer’s disease, 515
following traumatic brain injury,

624–625
Neurodegenerative diseases

dystonia in, 547
myoclonus due to, 550

Neuroendocrinology, of aging, 62–64,
63

Neurofibrillary tangles, 55
aging and, 45, 49
in Alzheimer’s disease, 57, 515

Neuroimaging, 10–11. See also
Anatomic brain imaging; Brain,
imaging of; Functional brain
imaging; specific imaging modalities

in Alzheimer’s disease, 514–515
in dementia, 504
in Huntington’s disease, 536–537,

537
in Parkinson’s disease, 573–574

Neuroleptic(s), 11, 799–803. See also
specific drugs and drug types

for aggression, 484
in mentally retarded elderly

persons, 471–472
alternatives to, 803
for anxiety disorders, 358–539
atypical

for aggression, 484
for dementia, 808–809

available preparations of, 799–800,
800

classic, for late-life—onset psychosis,
340

for dementia, 807–808
dosing of, 800–801
dystonia due to, 546
falls and, 768
for Huntington’s disease, 538–539
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Neuroleptic(s) (continued)
interactions of, 803, 804
for late-life—onset psychosis, 339,

340–341
metabolism of, 755, 800–801
neurological uses of, 799
neuropsychiatric disorders induced

by, 724, 801, 802, 803
tardive dyskinesia, 540

orthostatic hypotension and, 767
special considerations with, 803
for stereotypic movement disorder,

in mentally retarded elderly
persons, 471

withdrawal from, 808
Neuroleptic malignant syndrome

(NMS), 802, 803
Neurological disorders. See also specific

disorders
anxiety and, 351–352
with behavioral manifestations,

among elderly persons, 7–8
Neuromelanin, aging and, 45, 47
Neuromuscular blockers, for

electroconvulsive therapy, 843–844
Neuromuscular irritability, with

monoamine oxidase inhibitors,
798

Neuromuscular side effects, of lithium,
793

Neurons
alcohol abuse and, 377
of brain

age-related loss of, 42–44
aging of, 36, 37–38, 40, 41

containing enkephalin, 102
cytoskeleton of, age-related changes

in, 45, 49
histaminergic, 102
loss of

paraneoplastic, 673
in substantia nigra pars compact,

in Parkinson’s disease, 570
serotonergic, 101, 101

Neurontin (gabapentin), 662
for aggression, 484
for bipolar disorder, 794
for pain, 426
psychiatric effects of, 663
for seizure disorders, 662–663

Neuropathic pain, treatment of, 425
Neurophysiological approaches, for

rehabilitation, 921–922
Neuropsychiatric assessment, 109–122

in aggression, 481–482

clinical interview in, 109–113, 110,
146

cognitive, 117
localization of findings of, 120, 121
major neuropsychiatric syndromes

and, 113–116
cognitive changes, 113
focal cortical dementia

syndromes, 114–115
generalized cortical systems

disorders, 114
prefrontal systems dysfunction,

113, 113–114
subcortical systems disorders,

115–116
mental status examination in,

116–117
neurobehavioral, 117–118
reassessment and, in nursing homes,

898–899
sensorimotor, 118–120

Neuropsychiatric disorders, 113–116.
See also specific disorders

in Alzheimer’s disease, 513–514
cognitive changes, 113
focal cortical dementia syndromes,

114–115
generalized cortical systems

disorders, 114
in mentally retarded elderly persons,

467–473
positron-emission tomography in,

255–256, 258, 258–259, 260
prefrontal systems dysfunction, 113,

113–114
subcortical systems disorders,

115–116
following traumatic brain injury. See

Traumatic brain injury (TBI),
neuropsychiatric consequences
of

Neuropsychiatry
defined, 3, 4
geriatric neuropsychiatry and, 4

Neuropsychological assessment,
143–159

approaches to, 147–149
fixed test batteries, 147–148
flexible, 148–149

in differential diagnosis, 155–159
of dementia, 156, 156–159
of depression-related cognitive

dysfunction, 158–159
ecological validity of tests for, 159
goals of, 143–144

individual tests of cognitive
functioning for, 149–155, 150

in late-life—onset psychosis, 338
methodological issues in, 144–145
process for, 145–147

Neuropsychological disorders
frontal-subcortical circuit disorders

associated with, 97
in Huntington’s disease, 535–536

Neuropsychopharmacology, 749–771.
See also Drug(s); specific drugs and
drug types

pharmacodynamics and, 756,
758–769, 759

pharmacokinetics and, 750–756,
751–752

phenomenology and, 749–750
therapeutic compliance and, 769,

769–770
Neurosyphilis, cerebrospinal fluid

profile in, 677
Neurotoxicity, of benzodiazepines,

382–383
Neurotransmitter systems

age-related changes in, 57–58, 60–62
aggression and, 480
behavior and, 98, 99, 100

New variant CJD, 682
Niacin deficiency, dementia due to,

502
Nicardipine, metabolism of, 758
Nicotine dependence, 386–388

in alcoholism, 379
as cause of death, 387
complications and comorbidities of,

387
diagnosis and clinical features of,

386–387
epidemiology of, 386
neuropharmacology of, 387
smoking cessation and, 387–388

Nifedipine
anticholinergic drug level in, 448
for hypertensive reactions to

monoamine oxidase inhibitors,
789

neuropsychiatric disorders induced
by, 723

Nimodipine
for cognitive decline, 814
metabolism of, 758
for traumatic brain injury, 639–640

Nitric oxide, aging and, 35
Nitrofurantoin, neuropsychiatric

disorders induced by, 725
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Nitroglycerine, anticholinergic drug
level in, 448

Nitrous oxide, neuropsychiatric
disorders induced by, 726

NMDA receptors, pain and, 420
Noncompliance, with medication

regimens, 704–705, 769, 769–770
Nonfluent aphasia, 115, 128–129, 136,

733, 734
treatment of, 924

Nonrapid eye movement (NREM)
sleep, 401

Nonsteroidal anti-inflammatory drugs
(NSAIDs)

for cognitive decline, 816
drug interactions of, 721
falls and, 768
neuropsychiatric disorders induced

by, 723
delirium and cognitive

impairment, 706–707
depression, mania, and psychosis,

709
Nootropics, for cognitive decline,

814–815
Noradrenaline

age-related changes in, 41
behavioral alterations associated with

disturbances of, 100
origins and destinations of, 99

Noradrenergic systems, 100–101, 101
age-related changes in, 58, 60, 316,

318
pharmacodynamics and, 763, 764

Norethisterone, neuropsychiatric
disorders induced by, 726

Normal-pressure hydrocephalus (NPH)
Binswanger’s disease compared with,

496
dementia associated with, 497

Normative data, age-appropriate, 144
Norpramin. See Desipramine

(Norpramin; Pertofrane)
Nortriptyline (Aventyl; Pamelor)

for dementia, 505
for depression

major, 321, 321–322
in Parkinson’s disease, 577
following stroke, 607, 608

dosage of, 783
for emotional lability, following

stroke, 613–614, 614
metabolism of, 755, 784
neurotransmitter effects of, 579
for pain, 424

side effects of, 580
Nuclear DNA, 906
Nuclear magnetic resonance (NMR),

268. See also Functional MRI
(fMRI); Magnetic resonance
imaging (MRI); Magnetic
resonance spectroscopy (MRS)

Nucleotides, 906
Nucleus basalis of Meynert, age-related

changes in, 57–58
Nursing homes. See Long-term care

facilities
Nutritional deficiencies, 67–68

dementia due to, 502–503

Observation, of sensorimotor function,
119

Obsessive-compulsive disorder (OCD)
frontal-subcortical circuit disorders

associated with, 97, 98
limbic system and, 90, 91
in mentally retarded elderly persons,

469
neurological disorder and psychiatric

illness and, 6
in Parkinson’s disease, 581–582
treatment of, pharmacological, 358

Obstructive sleep apnea syndrome,
408–409

Occipital lobe tumors, neuropsychiatric
manifestations of, 672

Occupational history, 112
Ocular apraxia, 738
Oculomotor circuit, 96
Oculomotor function

assessment of, 119
disturbances of, in Huntington’s

disease, 535
Olanzapine (Zyprexa), 800

for dementia, 506, 809
dosage of, 801
metabolism of, 755
for psychoses, drug-induced, 586
receptor antagonism of, 585
side effects of, 585

Olfaction
age-related changes in, 65
drug-induced disturbances of,

715
Oligodendrocytes, aging of, 36
Oligodendrogliomas, treatment of, 671
Omeprazole, metabolism of, 758
Omnibus Budget Reconciliation Act of

1987 (OBRA-87), 781–782, 895,
898, 948

Ondansetron
for cognitive decline, 816
for psychoses, drug-induced, 586

Ondansetron hydrochloride (Zofran),
for late-life—onset psychosis, 340

Opiate addiction hypothesis, of
stereotypic movement disorder,
470–471

Opioid(s)
dependence on, 388, 389
illicit, dependence on, 389
neuropsychiatric disorders induced

by, 723
for pain, 422–424
withdrawal from, neuropsychiatric

disorders induced by, 725
Opioid receptors, pain and, 420
Opsoclonus paraneoplastic syndrome,

673
Optic ataxia, 738
Oral contraceptives, neuropsychiatric

disorders induced by, 726
Orbitofrontal circuit, 97
Orbitofrontal disinhibition syndrome,

114
Orbitofrontal syndrome, 97, 137,

137–138
Organ-based theories of aging, 33
Organophosphates, neuropsychiatric

disorders induced by, 727
Orientation, for assessment of memory,

128
Orodyskinesia, “edentulous,” 539
Orofacial dyskinesia, spontaneous, 539
Oromandibular dystonia (OMD)

in cranial dystonia, 546
tardive dyskinesia and Huntington’s

disease differentiated from,
538

Orthopedic impairment, epidemiology
of, 25

Orthostatic tremor, 534
Osteoarthritis, psychotherapy and, 873
Osteomalacia, with anticonvulsants, 796
Othello syndrome, 118
Ovaries, age-related changes in, 63
Over-the-counter (OTC) drugs, use and

dependence on, 389
Oxandrolone, neuropsychiatric

disorders induced by, 727
Oxazepam

for anxiety disorders, 356, 357
dosage of, 797
metabolism of, 796
pharmacokinetics of, 357
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Oxidative stress, aging and, 35
Oxprenolol

for anxiety disorders, 358
neuropsychiatric disorders induced

by, 723
Oxybutynin, neuropsychiatric disorders

induced by, 725
Oxycodone, metabolism of, 757
Oxygen consumption, cerebral,

positron-emission tomography
and, 242–243, 244–245, 246

Oxygen desaturations, in sleep apnea,
408

Oxygen-free radicals, aging and, 35
Oxymetholone, neuropsychiatric

disorders induced by, 727

Pacific Islander elderly persons,
proportion of population, 18, 19

Paclitaxel, metabolism of, 757
Pain, 415–431

acute, 416
assessment of, 415–416
chronic, in mentally retarded elderly

persons, 467
definition of, 415
epidemiology of, 416–417
neurobiology of, 419–421

ascending tract and descending
inhibition mechanisms, 421

dorsal horn mechanisms, 420–421
peripheral mechanisms, 419–420

psychiatric comorbidity and,
417–4190

anxiety and, 419
depression and, 418–419
pain disorder and, 417
somatization and, 417–418
substance use and, 418

treatment of, 421–430, 806
in central poststroke pain, 422
in migraine, 422
multidisciplinary, 429–430
in Parkinson’s disease, 422
in peripheral neuropathy, 422
pharmacological, 422–427, 783
in postherpetic neuralgia, 421
psychological, 427–429

Pain disorder, 417
Palatal myoclonus, 550–551
Paleocortex, structure and function of,

84
Pamelor. See Nortriptyline (Aventyl;

Pamelor)
Pancreas, age-related changes in, 63

Panic disorder, 348–349
neuroanatomical basis for, 350
in Parkinson’s disease, 581
treatment of, pharmacologic, 799

Paradoxical normalization, 658
Paramedian zone. See Limbic system
Parametric methods, in genetics,

908–909
Paraneoplastic syndromes, 672–673
Paranoid personality, 333
Paraphilias, limbic system and, 91
Paraphrenia, late, 329, 330, 332
Parasympathetic nervous system, aging

of, 67
Parietal lobe tumors, neuropsychiatric

manifestations of, 672
Parietofrontal junction, progressive

motor syndromes involving, 115
Parkinsonian tremor,

neuroleptic-induced, 534
Parkinsonism

with antipsychotic drugs, 802
drug-induced, 711

Parkinson’s disease, 7, 97, 559–588
agitation in, treatment of, 803
classification of, 561
clinical features of, 559–560
dementia in, 135, 568–574

Alzheimer’s, 570
diagnostic criteria and definitions

of, 569, 569–570
epidemiology of, 568–569
with Lewy bodies, 570–571, 571
neuroimaging in, 573–574
neuropathology of, 570
subcortical versus cortical,

571–573, 572
treatment of, 574

differential diagnosis of, 561–562,
562, 563

drug-related psychiatric conditions
in, 583–588

altered sexual behavior, 587–588
anxiety, 586–587
confusion/delirium/cognitive

impairment, 586, 587
delusions, 583
depression, 586, 588
hallucinations, 583, 584
mania, 586
psychoses, 583–584, 585, 586
sleep disturbances, 588

early, cognitive impairment in, 568
electroconvulsive therapy for, 837,

838–839, 840

epidemiology of, 560, 560–561, 561
pain in, treatment of, 422
postencephalitic, 97
psychiatric manifestations of,

574–583
anxiety, 352, 360, 581–582, 582
depression. See Depression, in

Parkinson’s disease
mania, 581
psychosis, 340, 582–583, 803

sleep disorders and, 405
treatment of, 562–568, 564, 565,

788
pharmacologic, 562–563, 565–566
pharmacological, 786
surgical, 566–568

Parnate (tranylcypromine), dosage of,
788, 788

Paroxetine (Paxil)
for anxiety disorders, 358
clinical pharmacology of, 321
for dementia, 505, 810
dosage of, 787
metabolism of, 755
for pain, 425
side effects of, 580

Pathological Laughing and Crying
Scale (PLACS), 613

Patient care, 12
Patient Self-Determination Act, 896
Paxil. See Paroxetine (Paxil)
Peduncular hallucinosis, 610
Pemoline (Cylert)

dosage of, 791
neuropsychiatric disorders induced

by, 726
Penicillins, neuropsychiatric disorders

induced by, 724
Pentazocine, neuropsychiatric disorders

induced by, 727
Peptic ulcer disease, in mentally

retarded elderly persons, 467
Perceptions, assessment of, 118
Perceptual-motor syndromes,

progressive, 115
Perfusion fMRI, 279–280, 280, 281
Pergolide

neuropsychiatric disorders induced
by, 723

for Parkinson’s disease, 566
Periodic lateralizing epileptiform

discharges (PLEDs), 658
Periodic limb movements, 409
Peripheral nervous system

aging of, 67
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dysfunction of, with monoamine
oxidase inhibitors, 798

Peripheral neuropathy, pain in,
treatment of, 422, 424, 425

Perivascular inflammatory infiltrates, in
neoplastic disorders, 673

Perphenazine
dosage of, 800
metabolism of, 755

Perseveration, frontal lobe damage and,
741, 742

Personality, 453–460
aging and, 455–456
biological basis of, 457–458, 459
definition and measurement of,

453–455, 454, 455
in geriatric neuropsychiatry,

458–460
normal and abnormal, 456–457
premorbid, late-life—onset

schizophrenia and, 334
seizure disorders and, 660

Personality changes
in Alzheimer’s disease, 513
assessment of, 118
frontal-subcortical circuit disorders

associated with, 97
limbic system and, 91

Personality disorders, 456–457
alcohol abuse and, 380
rehabilitation for, 929

Personality traits, 454–455, 455
Personal trusts, 955
Pertofrane. See Desipramine

(Norpramin; Pertofrane)
Petit mal seizures, 656
Pharmacodynamics, 780

aging and, 756, 758–769, 759
Pharmacokinetics, 780

age-related changes in, 702–704
aging and, 750–756, 751–752

Phase I metabolism, 780
Phase II metabolism, 780–781
Phenacemide, neuropsychiatric

disorders induced by, 723
Phenacetin, neuropsychiatric disorders

induced by, 723
Phencyclidine, neuropsychiatric

disorders induced by, 725
Phenelzine (Nardil)

for anxiety disorders, 358
dosage of, 788
side effects of, 477

Phenindione, neuropsychiatric
disorders induced by, 727

Phenmetrazine, neuropsychiatric
disorders induced by, 726

Phenobarbital, 662
for barbiturate withdrawal, 798
cognitive impairment induced by,

708
psychiatric effects of, 663

Phenothiazines. See also specific drugs
dosage of, 800
falls and, 768
neuropsychiatric disorders induced

by, 724
orthostatic hypotension and, 767

Phenylephrine, neuropsychiatric
disorders induced by, 726

Phenylpropanolamine, neuropsychiatric
disorders induced by, 726

Phenytoin (Dilantin), 662
cognitive impairment induced by,

708
metabolism of, 755
neuropsychiatric disorders induced

by, 723
for pain, 425
psychiatric effects of, 663
for seizure disorders, 662

Phobic disorder, 349
in Parkinson’s disease, 581
specific, in mentally retarded elderly

persons, 469
Phosphatidylserine, for Parkinson’s

disease, 574
Phosphorus, neuropsychiatric disorders

induced by, 727
Phosphorus-31 magnetic resonance

spectroscopy, 270–271
Photosensitivity, with antipsychotic

drugs, 802
Physically aggressive behavior (PAB).

See Aggression
Physiological theories of aging,

33
Physiological tremor, drug-induced,

711
Pick’s disease, 135, 519, 521
Pigmentary retinopathy, with

antipsychotic drugs, 802
Pimozide, 799

dosage of, 800
Pindolol

for dementia, 810
for self-injurious behaviors, in

mentally retarded elderly
persons, 471

sleep disorders induced by, 712

Pineal tumors, neuropsychiatric
manifestations of, 672

Piracetam, for Parkinson’s disease, 574
Piribedil, neuropsychiatric disorders

induced by, 723
Pisa syndrome, with antipsychotic

drugs, 802
Pituitary gland

age-related changes in, 63
tumors of

adenomas, 669, 671
neuropsychiatric manifestations

of, 672
Pizotifen, neuropsychiatric disorders

induced by, 727
Placebos, ethical issues concerning, 940
Plasma protein binding, 751, 753, 781
Plasticity, representational, 920
Plenary guardianship, 955
Plicamycin, neuropsychiatric disorders

induced by, 726
Pneumonia, as cause of death, 21
Podophyllin, neuropsychiatric disorders

induced by, 724
Polyarteritis nodosa (PAN), 688
Polycythemia rubra vera, chorea due to,

539–540
Polypharmacy, 750
Positional cloning, 907
Positron-emission tomography (PET),

11, 240–261
in Alzheimer’s disease, 514–515
basic principles of, 241–242, 242

cerebral glucose metabolism and,
241–242, 243

regional cerebral blood flow and,
241

in depression, 315
in frontotemporal dementia, 519
in healthy aging, 242–255

brain functional correlations and,
252

cognitive and sensory stimulation
paradigms and, 252–253,
254–257, 255

factors influencing, 249, 249–252,
251

regional cerebral blood flow and
oxygen consumption and,
242–243, 244–245, 246

regional cerebral glucose
metabolism and, 246,
247–248, 249

Kety-Schmidt and xenon-133
techniques for, 240
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Positron-emission tomography (PET)
(continued)

in late-life—onset psychosis, 335,
337, 338

in neuropsychiatric disorders,
255–256, 258, 258–259,
260

in Parkinson’s disease, 574
in traumatic brain injury, 639

Postconcussive syndrome, 631–632
Postherpetic neuralgia (PHN),

treatment of, 421, 424
Posttraumatic amnesia (PTA), 622
Posttraumatic stress disorder (PTSD),

349
alcohol abuse and, 380
in mentally retarded elderly persons,

469
treatment of, pharmacological, 358

Postural tremor, 532, 532
Power of attorney, 955
Pramipexole, for Parkinson’s disease,

566
Praxis, 88–89
Prazepam

dosage of, 797
metabolism of, 796
pharmacokinetics of, 357

Prazosin, neuropsychiatric disorders
induced by, 723

Prednisolone, anticholinergic drug level
in, 448

Prednisone, side effects of, 709
Prefrontal circuit, lateral, 96, 96–97
Prefrontal cortical disorders, 97
Prefrontal systems dysfunction, 113,

113–114
Premature ventricular contractions

(PVCs), during electroconvulsive
therapy, 847

Primary writing tremor, 533–534
Primidone (Mysoline), 662

cognitive impairment induced by,
708

for essential tremor, 533
psychiatric effects of, 663

Prion infections, 680–682. See also
specific infections

Problem drinking
definition of, 368
heavy drinking versus, 372

Procainamide
neuropsychiatric disorders induced

by, 723
side effects of, 709

Procaine, neuropsychiatric disorders
induced by, 727

Procaine penicillin, neuropsychiatric
disorders induced by, 725

Procarbazine, neuropsychiatric
disorders induced by, 727

Procedural memory, 735, 735
Procyclidine, neuropsychiatric disorders

induced by, 723, 727
Progeria, 34
Progesterone

for aggression, 484–485
metabolism of, 758

Programming skill, assessment of, 131,
132

Progressive multifocal
leukoencephalopathy (PML), 685

cerebrospinal fluid profile in, 677
Progressive subcortical gliosis, 522
Progressive supranuclear palsy, 97
Projection tracts, of white matter of

brain, 86, 88
Propafenone

metabolism of, 757
neuropsychiatric disorders induced

by, 727
Propantheline, neuropsychiatric

disorders induced by, 724
Propranolol

anticholinergic drug level in, 448
for anxiety disorders, 358
for dementia, 506, 810
for essential tremor, 533
metabolism of, 757
for migraine, 783
neuropsychiatric disorders induced

by, 723
depression, 708
sleep disorders, 712

for self-injurious behaviors, in
mentally retarded elderly
persons, 471

withdrawal from, neuropsychiatric
disorders induced by, 725

Prosopagnosia, 87, 134, 739
Protriptyline (Vivactil)

dosage of, 783
for pain, 425

Proverbs, for assessment of synthesis,
133

Proxy directives, 948
Prozac. See Fluoxetine (Prozac)
Pseudobulbar affect

following stroke, 613–614
mechanism of, 614

prevalence and clinical correlates
of, 613–614, 614

treatment of, pharmacological, 783
Pseudodementia. See Dementia

syndrome of depression (DOD)
Pseudoephedrine, neuropsychiatric

disorders induced by, 726
Pseudoseizures, in mentally retarded

elderly persons, 472
Psychiatric disorders. See also specific

disorders
chronic, neurobiology of aging in

patients with, 68
comorbidity with organic illnesses,

25
in elderly population, 8
in Huntington’s disease, 536
interictal, 658–662
in mentally retarded elderly persons,

464–465, 465
in Parkinson’s disease, 574–583

anxiety disorders, 581–582, 582
depression. See Depression, in

Parkinson’s disease
mania, 581

Psychiatric history, brain imaging and,
anatomic, 183

Psychoactive substances, definition of,
368

Psychogenic dystonia, 547
Psychological treatments

for anxiety disorders, 359, 359, 360
for pain, 427–429

Psychomotor impairment
with antidepressants, 785
with benzodiazepines, 797
with neoplastic disease, treatment of,

671
Psychomotor speed, assessment of, tests

for, 155
Psychopharmacology, 779–817. See also

Drug(s);
Neuropsychopharmacology; specific
drugs and drug types

Psychosis. See also Bipolar disorder;
Late-life—onset psychoses;
Schizophrenia

atypical, 610
in dementia, treatment of, 807–808
drug-induced, 708–710, 723–728,

817–818
in Parkinson’s disease, treatment

of, 583–584, 585, 586
in elderly population, 8
electroconvulsive therapy for, 836
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limbic system and, 90, 91
in multiple sclerosis, 675
with neoplastic disease, treatment of,

671
neurological disorder and psychiatric

illness and, 6
organic, acute, 610
in Parkinson’s disease, 582–583

treatment of, 803
“schizophreniform,” 659
following seizures, 658, 659, 659
following stroke, 610

Psychosocial issues, with
electroconvulsive therapy, 850–851

Psychosocial masking, in mentally
retarded elderly persons, 465

Psychotherapy, 861–884
caregiver-focused, 874, 875–876,

877–878
for depression, 862–869

cognitive-behavior therapy and
psychodynamic psycho-
therapy, 862, 863–864,
865–866

with dementia, 869–871, 870
reminiscence and life review

therapies, 866–867,
868–869, 869

interventions for, 881, 882–883, 883
in long-term care settings, 878,

879–880, 880–881
in medically ill elderly patients, 871,

872, 873–874
Psychotic depression, treatment of,

323–324
Psychotic symptoms

in Alzheimer’s disease, 332
in Parkinson’s disease, treatment of,

340
Psychotropic drugs. See also specific drugs

and drug types
depression, mania, and psychosis

induced by, 709–710
falls and, 767–768
sexual dysfunction induced by, 713

P300 latency, in dementia, 292
Pulmonary embolism, anxiety and,

351
“Punch-drunk” syndrome, 643
Purdue Pegboard Test, 155
Purkinje cells, 37

Quantitative electroencephalography
(QEEG), 288–302

deafferentation and, 294–301, 295

in ascending pathways, evoked
potentials and, 300–301

coherence for detecting, 297–298,
299

cordance method for detecting,
295–297, 296–298

unmasking during
pharmacological activation,
298–300, 300

evoked potentials and, 289–293
delirium diagnosis and assessment

and, 292–293
dementia detection and, 290–292
event-related changes in, with

normal aging, 289–290, 290
future of, 301
limitations of, 293–294
technique for, 288, 288–289

Quazepam
dosage of, 805
for insomnia, 804–805, 805

Quetiapine (Seroquel), 800
for dementia, 506
dosage of, 801
receptor antagonism of, 585
side effects of, 585

Quinidine
metabolism of, 757
neuropsychiatric disorders induced

by, 723
side effects of, 709
sleep disorders induced by, 712

Rabbit syndrome, 534
with antipsychotic drugs, 802

Race
composition of elderly population

and, 18, 19
life expectancy and, 19–20, 20
mortality rates and, 20

Radiation therapy, 671
leukoencephalopathy, following, 679

Rancho Los Amigos Levels of
Cognitive Function Scale, 625

Ranitidine
anticholinergic drug level in, 448
side effects of, 710

Rapid eye movement (REM) sleep, 401
anxiety and, 355
changes in aging, 402–404

Rating scales
for anxiety assessment, 353
for cognitive assessment, 138

Reaction Level Scale (RLS), 623
Reactive drinking, 372–373

Reading skills, assessment of, 129
Recall, assessment of, 128
Recent memory, 165, 735
Reciprocal programs, for assessment of

response control, 132
Recombination, genetic, 906
Reflexes, assessment of, 120
Rehabilitation, 917–930, 918

for affective disorders, 929–930
cognitive, 920, 922–929, 923

for aphasia, 924–925
for hemi-inattention, 928–929
for memory disturbances, 925–928
overview of, 923–924

neuropsychological approaches to,
921–922

for personality disorders, 929
physical approaches to, 920–921
rational for gains in, 919, 919–920
following traumatic brain injury, 642

Relaxation-meditation, cognitive
restructuring compared with, 881

Release hallucinations, 610
REM behavior disorder, 409
Remeron (mirtazepine)

dosage of, 783
for major depression, 322, 323
for migraine, 783
for nausea, 783

Reminiscence therapy, for depression,
866–867, 868–869, 869

Remote memory, 165, 735
assessment of, 152
tests of, 128

Remoxipride, for psychoses,
drug-induced, 586

Renal drug clearance, 752, 756
Renal side effects, of lithium, 793
Repetition (verbal), assessment of, 129
Repetitive behavior, assessment of, 118
Repetitive transcranial magnetic

stimulation (rTMS), for
depression, 791

Representational neglect, 731
Representational plasticity, 920
Representative payees, 955
Research, 12

ethical issues in, 939–941
conflict of interest, 939–940
informed consent, 941

informed consent for
competency to consent to

enrollment in studies and,
949–950, 950

ethical issues concerning, 941
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Reserpine
depression induced by, 708
neuropsychiatric disorders induced

by, 723
sleep disorders induced by, 712
withdrawal from, neuropsychiatric

disorders induced by, 725
Resident Assessment Instrument (RAI),

781
Response control, assessment of,

131–132, 132–134
Restless legs syndrome, 409, 548–549
Rest tremor, 532, 532
Reticular activating system, 127
Reticular formation, 93–94, 94, 102

behavior and, 82, 82
Retinal detachment, electroconvulsive

therapy and, 848
Retinopathy

diabetic, 65
pigmentary, with antipsychotic

drugs, 802
Retrograde amnesia, 135
Reverse digit span, for assessment of

concentration, 127
Reverse sequences, for assessment of

concentration, 127
Rey Auditory-Verbal Learning Test

(RAVLT), 151, 172, 174
Rey-Osterrieth Complex Figure Test

(ROCF), 151, 152, 153, 153, 174
Rheumatoid arthritis, psychotherapy

and, 873
Right hemisphere

aging and, 190
neuropsychiatric findings in,

121
visuoconstructive deficits

characteristics of lesions of,
131

Right hemisphere syndrome, 730,
730–731, 731, 732

Risperidone (Risperdal), 800
for dementia, 506, 808–809
dosage of, 801
for late-life—onset psychosis, 339,

340
metabolism of, 755
receptor antagonism of, 585
side effects of, 585

Ritalin (methylphenidate)
for delusional depression, 324
dosage of, 790, 791
neuropsychiatric disorders induced

by, 726

Rivermead Behavioral Memory Test,
174

RNA, 906
age-dependent changes in, 35

Ropinirole, for Parkinson’s disease, 566
“Rubral” tremor, 534

Sabril (vigabatrin), 662
for pain, 426
psychiatric effects of, 663

Safety concerns, in nursing homes,
899–900

Salbutamol, neuropsychiatric disorders
induced by, 727

Salicylates. See also Aspirin
drug interactions of, 721
neuropsychiatric disorders induced

by, 723
toxicity of, 389

Salicylic acid, anticholinergic drug level
in, 448

Schaffer collaterals, 37
Schizoid personality, 333
Schizophrenia

alcohol abuse and, 380
depression arising from, 500
early-onset

elderly patients with, 331–332
late-life—onset schizophrenia

compared with, 330–331,
331

electroconvulsive therapy for,
836

epidemiology of, 24
late-life—onset. See Late-life—onset

schizophrenia
neurobiology of aging in patients

with, 68
School history, 111
Scoliosis, in mentally retarded elderly

persons, 467
Scopolamine, neuropsychiatric

disorders induced by, 724
Screening, for cognitive impairment,

138
Seasonal affective disorder, bright light

therapy for, 791
Sedation, with antidepressants, 785
Sedative(s), falls and, 768
Sedative-hypnotics. See also Hypnotics;

Sedative(s)
anxiety and, 351
neuropsychiatric disorders induced

by, 724
Segmental dystonia, 544

Seizure(s)
with antidepressants, 785
with antipsychotic drugs, 802
with clozapine, 803
therapeutic. See Electroconvulsive

therapy (ECT)
threshold for, during

electroconvulsive therapy, 844
Seizure disorders, 655–664, 656

behavioral alterations related to, 658
clinical aspects of, 656–657
demography and definitions of,

655–656, 656
electroconvulsive therapy in, 842
interictal psychopathology and,

658–662
in mentally retarded elderly persons,

467, 472–473, 473
neuropsychological impact of,

657–658
psychosocial impact of, 657
following traumatic brain injury, 624
treatment of, 662–663, 662–664,

794–795
in mentally retarded elderly

persons, 473
pharmacological, 786

Selective serotonin reuptake inhibitors
(SSRIs), 786–787. See also specific
drugs and drug types

for aggression, 484
in mentally retarded elderly

persons, 472
for anxiety, 799
for anxiety disorders, 358
available preparations and dosing of,

786–787, 787
clinical pharmacology of, 321
for dementia, 811
falls and, 768
for late-life—onset psychosis, 339
for major depression, 319–321, 321

in neurologically impaired
patients, 320–321

neurological uses of, 786
neuropsychiatric side effects of, 787
for pain, 434–435
pharmacodynamics of, 763, 765, 766
for self-injurious behaviors, in

mentally retarded elderly
persons, 471

sexual dysfunction induced by,
713–714

Selegiline (L-Deprenyl; Eldepryl)
for cognitive decline, 816
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for dementia, 810, 811
for depression, in Parkinson’s

disease, 577
dosage of, 788, 788
for Parkinson’s disease, 563, 565,

574, 786, 788
Self-injurious behavior (SIB), in

mentally retarded elderly persons,
470, 471

Semantic memory, 735
in Alzheimer’s disease,

513
Senescence, history of, 112–113
“Senile chorea,” 539
Senile plaques, 55, 56
Senile squalor, 379
Senile tremor, 533
Sensorimotor examination, 118–120
Sensory aphasia, transcortical, 136
Sensory impairment

late-life—onset schizophrenia and,
334

test administration and, 146
Sensory neglect, 135
Sensory nuclei, function and anatomic

relationships of, 95
Septicemia, as cause of death, 21
Serial 7s, for assessment of

concentration, 127
SerLect (sertindole)

metabolism of, 755
receptor antagonism of, 585
side effects of, 585

Seroquel (quetiapine), 800
for dementia, 506
dosage of, 801
receptor antagonism of, 585
side effects of, 585

Serotonergic drugs, delirium and
cognitive impairment induced by,
707, 707

Serotonergic neurons, 101, 101
Serotonergic systems

age-related changes in, 60–61, 316,
319

pharmacodynamics and, 763, 765,
766

in normal aging and common
diseases, 701, 702

Serotonin
age-related changes in, 41
aggression and, 480
loss of, in frontotemporal dementia,

518
origins and destinations of, 99

Serotonin antagonists, for cognitive
decline, 816

Sertindole (SerLect)
metabolism of, 755
receptor antagonism of, 585
side effects of, 585

Sertraline (Zoloft)
for anxiety disorders, 358
clinical pharmacology of, 321
for dementia, 505, 810
dosage of, 787
metabolism of, 755
neuropsychiatric disorders induced

by, 724
neurotransmitter effects of, 579
for seizure disorders, 786
side effects of, 477, 580

Serzone. See Nefazodone (Serzone)
Sex

alcohol use and abuse and, 371
brain atrophy and, 190, 190–191,

192–193, 193
brain imaging and, anatomic, 183
brain structure and, 188
cancer incidence sites and, 22
composition of elderly population

and, 18, 19
depression and, following stroke,

605, 606
late-life—onset schizophrenia and,

333–334
life expectancy and, 19
mortality rates and, 20
nursing home admissions and, 26, 27
sleep quality and, 405

Sex chromosomes, 906
Sexual behavior, altered,

antiparkinsonian therapy and,
587–588

Sexual dysfunction
drug-induced, 712–714, 713
limbic system and, 91, 91–92
with monoamine oxidase inhibitors,

798
in multiple sclerosis, 674
in seizure disorders, 661

Short Portable Mental Status
Questionnaire, 116

Short-term memory, 165, 735
Short Test of Mental Status, 138
Sib-pair method, 909
Signal transduction, age-related

changes in, 62
Similarities, for assessment of synthesis,

133

Simple partial seizures (SPSs), 656
Simultagnosia, 738
Sinemet CR, for Parkinson’s disease,

562–563
Sinequan (doxepin)

dosage of, 783
for pain, 424, 783
side effects of, 580

Single photon emission computed
tomography (SPECT), 11

in Alzheimer’s disease, 514–515
in frontotemporal dementia, 519,

520
in late-life—onset psychosis, 337
in Parkinson’s disease, 574
in traumatic brain injury, 639

Sinusitis, chronic, epidemiology of, 25
Sjögren’s syndrome, 690–691

cerebrospinal fluid profile in, 677
Skill teaching, for depression, 881
Sleep, 401–410

in aging, 402–404
changes in, 402–404
spousal bereavement and, 404

general medical burden and,
404–405

model of challenges to sleep and
circadian rhythm in later life
and, 402, 403

NREM, 401
REM, 401

changes in aging, 402–404
sleepiness and aging and, 407–410
sleep quality and, 405–406, 407
slow-wave, 401

Sleep apnea syndromes, 408–409
Sleep disorders. See also specific disorders

in Alzheimer’s disease, 513–514
with antidepressants, 785
breathing-related, 408–409
in dementia, 505
drug-induced, 711–712

in Parkinson’s disease, 588
as drug side effect, 818
in multiple sclerosis, 674
therapeutic principles for, 410
treatment of, pharmacological,

406–407
Slow-wave sleep, 401
Smell sense

age-related changes in, 65
drug-induced disturbances of,

715
Smoking. See Nicotine dependence
Snoring, in sleep apnea, 408
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Social integration, of mentally retarded
persons, 464

Socialization, alcohol use for, 373
Social support

medication compliance and, 770
following traumatic brain injury,

642–643
Socioeconomic status, brain imaging

and, anatomic, 183
Sociopathic behavior, in mentally

retarded elderly persons, 472
Sodium lactate, panic symptoms

produced by, 350
Sodium valproate

cognitive impairment induced by,
708

for dementia, 506
Somatization, pain and, 417–418
Somatosensory cortex, primary, 83
Somnolence, daytime, 408
Spasm, hemifacial, 551
Spasmodic dysphonia, 546
Spasmodic torticollis, 545
Spatial memory, assessment of, 151–152
Specific phobias, in mentally retarded

elderly persons, 469
Speech. See also Language; Language

deficits
assessment of, tests for, 154–155

Spinal cord, aging of, 67
Spinal myoclonus, 551
Spirochete infections, 686–687
Spontaneous orofacial dyskinesia, 539
Spousal bereavement, sleep and, 404
Staff education, in nursing homes, 898
Startle syndromes, 549
State-Trait Anxiety Inventory (STAI),

353
Steady state concentration, 780
Stereotactic surgery

for Parkinson’s disease, 566–567
thalamotomy, for tremor, 533

Stereotypic movement disorder (SMD),
in mentally retarded elderly
persons, 470–471

Steroids. See also Corticosteroids
metabolism of, 758

Stimulants, 790–791, 791
for dementia, 811
interactions of, 791
metabolism and dosing of, 790
neuropsychiatric disorders induced

by, 726
neuropsychiatric side effects of,

790–791, 791

special considerations with, 791
Stimulated-echo method (STEAM),

269
Stimulation-facilitation approach, for

aphasia, 924
Stimulus boundedness, for assessment

of response control, 132, 134
Stimulus bound evoked potentials, 289
Strategic single-infarct dementia, 493,

495, 495
Strengthening, in rehabilitation

programs, 921
Streptomycin, neuropsychiatric

disorders induced by, 724
Stress. See also Posttraumatic stress

disorder (PTSD)
oxidative, aging and, 35
positron-emission tomography and,

249, 250
Stroke, 7, 601–616

aneurysms and arteriovenous
malformations and, 603

anosognosia following, 611–612
mechanism of, 611–612
prevalence and clinical correlates

of, 611, 611, 612
anxiety following, 352, 608–609

clinical correlates and mechanism
of, 609

phenomenology and frequency of,
608–609

treatment of, 360
apathy following, 609, 609–610

clinical-pathological correlates
and mechanism of, 610

prevalence and clinical correlates
of, 609–610

atherosclerotic thrombosis and, 602
catastrophic reaction to, 612–613

mechanism of, 612–613
prevalence and clinical correlates

of, 612, 613
as cause of death, 20, 21, 601
cerebral embolism and, 602
classification of, 602
depression following, 25, 315–316,

317, 603–608
clinical correlates of, 605, 606
clinical-pathological correlates

and mechanism of,
606–607, 607, 608

electroconvulsive therapy for, 840
phenomenology of, 603, 604, 605
treatment of, 607–608, 608

dystonia secondary to, 547

emotional lability following,
613–614

mechanism of, 614
prevalence and clinical correlates

of, 613–614, 614
intracranial hemorrhage and, 603
lacunae and, 603
mania following, 324, 614–615

mechanism of, 615
treatment of, 325

pain following, treatment of, 422
prevention of, drugs for, 11
psychosis following, 610
risk of, 23, 23
sleep disorders and, 405

Stroop test, 150
Subacute cerebellar degeneration

syndrome, 673
Subacute combined degeneration,

678–679
Subcortical arteriosclerotic

encephalopathy, 495–496, 678
Subcortical dementia, 135

differential diagnosis of, 157
neuropsychological profile in, 156

Subcortical disease, 495
Subcortical extrapyramidal disorders,

136
Subcortical gliosis, progressive, 522
Subcortical hyperintensity, ageing and,

196–198, 196–198
Subcortical region, neuropsychiatric

findings in, 121
Subcortical systems disorders, clinical

characteristics of, 115–116
Subdural hematoma, following

traumatic brain injury, 628
Substance(s), definition of, 368
Substance P, 102

age-related changes in precursors
for, 61

Substance use and abuse, 367–390. See
also specific substances

assessment of, 370
brain imaging and, anatomic, 183
case management and treatment of,

371
clinical features of, 370–371
definitions of terms related to, 367,

368
diagnostic criteria for, 367, 369
history of, 111–112
importance in elderly persons,

367–368
pain and, 418
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risk factors for, 368–369, 370
underrecognition of, 705
withdrawal and, anxiety and, 351

Substance use disorders, definition of,
368

Successful aging, 145
Succinylcholine, for electroconvulsive

therapy, 843–844, 848
Suicide

alcohol abuse and, 379
epidemiology of, 24
in mentally retarded elderly persons,

468
seizure disorders and, 660

Sulfamethoxazole, neuropsychiatric
disorders induced by, 724

Sulfonamides, neuropsychiatric
disorders induced by, 725

Superior temporal gyrus, in
late-life—onset psychosis, 335

Superoxide, aging and, 35
Supplement on Aging, 25
Supportive care, in nursing homes, 899
Supralimbic zone. See Neocortex
Surgical history, 112
Surmontil (trimipramine)

dosage of, 783
metabolism of, 755

Surveillance and Epidemiology End
Results program, 22

Survivor effect, 182
Sydenham’s chorea, 97
Sympathetic nervous system, aging of,

66–67
Sympathomimetics

neuropsychiatric disorders induced
by, 726

sexual dysfunction induced by, 713
Symptom Checklist-90—Revised

(SCL-90-R), 353
Synaptic density, in Alzheimer’s disease,

43
Syndrome of inappropriate antidiuretic

hormone (SIADH), with
antipsychotic drugs, 802

Syndrome X, 69
Synergies, 921
Synthesis, assessment of, 133
Syphilis, 686–687
Systemic lupus erythematosus (SLE),

690
cerebrospinal fluid profile in, 677

Tachycardia, during electroconvulsive
therapy, 847

Tacrine (Cognex)
for Alzheimer’s disease, 516
for cognitive decline, 812–813
for dementia, 899
electroconvulsive therapy and, 842
metabolism of, 755

Tamoxifen, metabolism of, 757
Tardive akathisia, 544
Tardive dyskinesia (TD), 540, 540–544,

801, 802, 803, 808
classic, 541
differential diagnosis of, 541, 542
epidemiology of, 541–542
oromandibular dystonia and

Huntington’s disease
differentiated from, 538

pathophysiology of, 542
prevention of, 542
treatment of, 542, 543, 544

Tardive dystonia, 541, 544
Task-oriented practice, in rehabilitation

programs, 922
Taste sense

age-related changes in, 65
drug-induced disturbances of, 715

tau gene
hyperphosphorylation of, aging and,

45
mutations of, 913

Teeth, injury of, during
electroconvulsive therapy, 848

Tegretol. See Carbamazepine (Epitol;
Tegretol)

Telomerase, 907
Temazepam

for anxiety disorders, 356, 357
dosage of, 805
metabolism of, 796

Temporal arteritis, 687–688
Temporal lobe tumors, neuropsychiatric

manifestations of, 672
Terfenadine, metabolism of, 757
Tertiary memory, 165, 735

assessment of, 152
Testamentary capacity, 951–952
Testes, age-related changes in, 63
Testosterone

aggression and, 480
decline in levels of, 64
metabolism of, 758

Tetrabenazine, neuropsychiatric
disorders induced by, 728

Tetracycline, neuropsychiatric disorders
induced by, 724

Thalamic disorders, 97

neoplastic, neuropsychiatric
manifestations of, 672

Thalamotomy
stereotactic, for tremor, 533
unilateral, for Parkinson’s disease,

566–567
Thalamus, cortical connections with,

94–95, 95
Thallium, neuropsychiatric disorders

induced by, 728
Theobromine, sleep disorders induced

by, 712
Theophylline

anticholinergic drug level in, 448
electroconvulsive therapy and, 842
metabolism of, 758
neuropsychiatric disorders induced

by, 728
sleep disorders induced by, 712

Thinking, disturbances of, in delirium,
442

Thiocarbanilide, neuropsychiatric
disorders induced by, 725

Thioridazine
for dementia, 506
dosage of, 800
metabolism of, 755

Thiothixene
for dementia, 506
dosage of, 800

Thought, assessment of, 118
Thrombosis, atherosclerotic, 602
Thyroid gland, age-related changes in,

63, 64
Thyroid hormones, neuropsychiatric

disorders induced by, 726
Tiagabine (Gabitril), 662

for pain, 426
psychiatric effects of, 663

Tic(s), 551, 551–552
drug-induced, 711

Ticlopidine, for cerebrovascular disease,
11

Timolol
anticholinergic drug level in, 448
metabolism of, 757

Tinkertoy Test, 153
Tinnitus, epidemiology of, 25
Tobacco use. See Nicotine dependence
Tofranil. See Imipramine (Tofranil)
Tonic-clonic seizures, generalized, 656
Topiramate (Topamax), 662

for pain, 426
psychiatric effects of, 663

Torticollis, spasmodic, 545
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Tourette syndrome, 551–552
Toxic disorders, dementia due to, 503
Toxic states, 332–333
Trail Making Test, ventricular size and,

195
Tramadol, metabolism of, 757
Transcortical aphasia

motor, 733–734
sensory, 136, 734, 734

Transcortical sensory aphasia, 136
Transcranial magnetic stimulation

(TMS), 279, 851
repetitive, for depression, 791

Transinstitutionalization, 893
Transmission disequilibrium test

(TDT), 911
Transmitter systems

age-related changes in, 57–58, 60–62
aggression and, 480
behavior and, 98, 99, 100

Tranylcypromine (Parnate), dosage of,
788, 788

Traumatic brain injury (TBI), 621–646
alcohol and, 627
Alzheimer’s disease and, 643–645

β-amyloid deposition and, 644
apolipoprotein E-4 allele and,

644–645
dementia pugilistica and, 643
epidemiological studies of,

643–644
dementia differentiated from,

635–636, 636
epidemiology of, 626, 627
history of, 111
mechanism of, 626, 627
neuropsychiatric consequences of,

631–643
animal studies of, 634
dementia, 503
diagnosis of, 638–639
human studies of, 634–637
management of, 639–643
mania, 614
of mild traumatic brain injury,

631–632
of severe traumatic brain injury,

632–634
treatment of, 640–641, 641

normal aging differentiated from,
634–635

outcome following, 625–626,
627–630

indices of, 629
measurement of, 625

mortality and, 629–630, 630, 631
neurological sequelae and,

628–629, 629
predictors of, 625–626

pathophysiology of, 623–625
of primary brain injury, 623–624
of secondary brain injury, 624–625

prior, 627
severity of, 622–623, 623
terminology related to, 622–623
types of, 622

Traumatic injuries, dystonia following,
547

Trazodone (Desyrel)
for dementia, 505, 506, 809–810
for depression, following stroke, 608
dosage of, 783
for insomnia, 805
neuropsychiatric disorders induced

by, 724
for pain, 425
side effects of, 477

Tremor, 532, 532–534
cerebellar, 534

drug-induced, 711
cerebellar outflow, 534
drug-induced, 534
dystonic, 544
essential, 533
familial, 533
kinetic (intention), 532, 532, 534
midbrain (“rubral”), 534
orthostatic, 534
parkinsonian, neuroleptic-induced,

534
physiological, drug-induced, 711
postural, 532, 532
primary writing tremor, 533–534
rest, 532, 532
senile, 533

Triacetyloleandomycin, metabolism of,
757

Triamcinolone, neuropsychiatric
disorders induced by, 726

Triamterene + hydrochlorothiazide
(Dyazide), anticholinergic drug
level in, 448

Triazolam
dosage of, 805
metabolism of, 755, 796

Tricyclic antidepressants (TCAs). See
Heterocyclic antidepressants
(HCAs), tricyclic; specific drugs

Trifluoperazine
for dementia, 506

dosage of, 800
Triflupromazine, dosage of, 800
Trigeminal neuralgia, treatment of, 424,

425
Trihexyphenidyl

neuropsychiatric disorders induced
by, 723

for Parkinson’s disease, 565
Trimethoprim, neuropsychiatric

disorders induced by, 726
Trimipramine (Surmontil)

dosage of, 783
metabolism of, 755

Tropic factors, aging and, 62
Trusts

competency to execute, 952
personal, 955

Tryptophan, neuropsychiatric disorders
induced by, 728

Tumors. See Cancer; Neoplastic disease
Turner’s syndrome, 34

Undue influence, competency and,
952–954

Unilateral neglect, 135
Urinary incontinence, in hydrocephalic

dementia, 497, 498
Urological side effects, with

antidepressants, 785
Useful field of view (UFOV),

competency to drive and, 957–958
Usual aging, 145

Validity, ecological, of
neuropsychological tests, 159

Valproate
neuropsychiatric disorders induced

by, 723
for seizure disorders, 662

Valproic acid (Depakene), 325, 325,
662

for bipolar disorder, 794
interactions of, 795
neuropsychiatric side effects of, 325
for pain, 425–426
psychiatric effects of, 663
for self-injurious behaviors, in

mentally retarded elderly
persons, 471

side effects of, 795
Vascular chorea, 539–540
Vascular dementia (VaD), 116, 136,

492–496, 494
clinical features of, 493
diagnostic criteria for, 494
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differential diagnosis of, 157, 297,
297, 299–300, 300

epidemiology of, 493
evaluation of, 496, 497, 498
hypoperfusion of watershed areas,

495, 495
multi-infarct, 492, 493

multi-infarct disease differentiated
from, 341–342

neuropsychological profile in, 156
small-vessel disease, 495, 495
strategic single-infarct, 493, 495,

495
subtypes of, 493, 495, 495–496
treatment of, 496

Vascular depression, 316
Vascular system, age-related changes in,

46, 49–50, 49–55, 52
Vasculitides, 687–690
Vasoactive intestinal peptide, 102
Vasodilators, for cognitive decline,

814–815
Vegetative functions, survey of, 112
Venlafaxine (Effexor)

for anxiety, 358, 799
for dementia, 811
for depression, 783

major, 322, 323
dosage of, 783
metabolism of, 755
neurotransmitter effects of, 579
for pain, 425
side effects of, 580

Ventral striatum, 97
Ventricular ectopy, during

electroconvulsive therapy, 847
Ventricular enlargement, traumatic

brain injury and, 624
Ventricular size

aging and, 186, 186–188, 187
neuropsychological correlates of,

194–195
in late-life—onset psychosis, 335,

336
Ventricular-to-brain ratio (VBR), in

late-life—onset psychosis, 335,
335–336

Verapamil
for bipolar disorder, 794
interactions of, 795
metabolism of, 758
for pain, 426
side effects of, 795

Veratrum, neuropsychiatric disorders
induced by, 728

Verbal descriptor scale (VDS), 416
Verbal fluency

assessment of, 129
for assessment of response control,

132
Vigabatrin (Sabril), 662

for pain, 426
psychiatric effects of, 663

Vinblastine, metabolism of, 757
Vincristine, neuropsychiatric disorders

induced by, 726
Violence. See also Aggression

history of, 111
Viral infections, 682–685. See also specific

infections
Vision

assessment of, 119
competency to drive and, 957–958

Visual agnosia, 134
Visual analogue scale (VAS), 416
Visual cortex, primary, 84
Visual fields, assessment of, 119
Visual Form Discrimination Test, 153
Visual impairment, 65, 65–66

epidemiology of, 25, 25
Visual object agnosia, 87, 738–739,

739
Visual-spatial-motor deficits, alcohol

abuse and, 376–377
Visual systems

dorsal, 738, 738
ventral, 738–739, 739

Visuoconstructive processes, assessment
of, tests for, 153–154

Visuoperceptual function, deficits of,
737, 737–739

in Parkinson’s disease, 568
Visuospatial function

assessment of, 129, 130, 131
tests for, 153–154

deficits of, in Alzheimer’s disease,
513

hemispheric dominance for, 89
in Parkinson’s disease, with

dementia, 573
Vitamin B12 deficiency, 67

dementia due to, 502–503
Vitamin E

for Alzheimer’s disease, 11
for cognitive decline, 816

Vivactil (protriptyline)
dosage of, 783
for pain, 425

Vocal tics, 551–552
Volume of distribution, 780

Voluntariness, competency and,
952–954

Wandering, by nursing home residents,
899

Warfarin
anticholinergic drug level in, 448
metabolism of, 758

WCST, 153
Wechsler Abbreviated Scale of

Intelligence, 151
Wechsler Adult Intelligence Scale III

(WAIS-III), 145, 151, 153, 166
ventricular size and, 195

Wechsler Adult Intelligence Scale—
Revised (WAIS-R), 151, 153, 166

Wechsler Memory Scale (WMS), 172,
174

corpus callosum and, 195
ventricular size and, 195

Wechsler Memory Scale III (WMS-III),
145, 150, 151, 166, 174

Wechsler Memory Scale—Revised
(WMS-R), 145, 150, 151, 166, 172

Wegener’s granulomatosis, 689
Wellbutrin. See Bupropion (Wellbutrin)
Werner’s syndrome, 34
Wernicke’s aphasia, 115, 128, 734, 734

treatment of, 925
Wernicke’s area, 84
White matter, of brain

abnormalities of, in late-life—onset
psychosis, 335, 336, 336–337

age-related changes in, 44–45
age-related reduction of, 191
connections of, 85–87, 87, 88

White matter disease, neuroimaging in,
514

Widowhood, sleep and, 404
Wills, competency to make, 951–952
“Will substitution test,” 953
Wilson’s disease, 97
Withdrawal

from alcohol, 377
cognitive deficits following,

377–378
from benzodiazepines, 383–384, 798,

798
factors affecting severity of

symptoms of, 384
presentation in elderly persons,

384
types and frequency of symptoms

in, 383–384, 384
from opioids, 424

Index 999



Women. See also Sex
ability to be independent, 28

Word list test, for assessment of
memory, 128

Working memory, in Alzheimer’s
disease, 513

Writer’s cramp, 546
Writing ability, assessment of, 129
Writing tremor, primary, 533–534

Xanthomatosis, cerebrotendinous, 680
Xenon-133 technique, 240
X-ray CT, 183–184

Yohimbine, neuropsychiatric disorders
induced by, 728

Zacopride, for cognitive decline,
816

Zarontin (ethosuximide), 662
metabolism of, 758
neuropsychiatric disorders induced

by, 723
psychiatric effects of, 663

Zidovudine (AZT), neuropsychiatric
disorders induced by, 728

Ziprasidone, 800

Zofran (ondansetron hydrochloride),
for late-life—onset psychosis,
340

Zoloft. See Sertraline (Zoloft)
Zolpidem

delirium and cognitive impairment
induced by, 708

dosage of, 805
for insomnia, 805

Zonisamide, for pain, 426
Zotepine, for psychoses, drug-induced,

586
Zyprexa. See Olanzapine (Zyprexa)
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