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PREFACE

Alzheimer's disease is a primary neurodegenerative disease whose
incidence and prevalence is rapidly approaching epidemic proportions. A
major reason for this is that man is living longer than he has ever lived
before and the likelihood of contracting the disease is significantly
greater within the elderly portion of the population. The problem becomes
even more acute in the light of recent estimates which predict that the
number of people living beyond the age of 65 is expected to continue to
increase. The impact of these statistics on the family and the health care
industry in terms of time, effort and cost are staggering. A recent report
issued by the Michigan Task Force on Alzheimer's Disease and Related
Conditions (1987) effectively underscores this last point. "Each person
with a dementing disease requires an average of seven years of care, either
at home or in a residential care facility. Care provided at home is
estimated to cost about $12,000 annually, for a total of $84,000 per person.
This is a conservative figure, however, because many persons with dementia
spend their last few years in a nursing home at an average cost of $22,000
per year, and some spend from 10 to 15 years in a nursing home, for a total
cost of $220,000 to $330,000. The human cost cannot be calculated so
easily, because it includes exhausted caregivers and shattered families as
well as depleted financial assets.”

Although there has been and continues to be a significant amount of
research conducted with respect to this disease, no clear consensus as to
the etiology, pathophysiology or means of treatment or prevention has yet to
emerge. That is not to say that advances in our understanding of what this
disease is and how it can be treated have not been forthcoming. To the
contrary, a significant number of advances have been and continue to be
made. However, much more needs to be accomplished and with great urgency.

The hallmark of the disease is a progressive and insidious
deterioration in recent memory and cognition. However, loss of memory and
cognition are not the only functions to be affected by this disease. The
disease also results in a significant deterioration in many aspects of
normal daily functioning. Frequently, significant shifts in affect and/or
personality are also reported; developing either as a result of the
neurodegenerative process of the disease itself or independently as a
consequence of other neurological or psychological problems. Eventually,
the disease robs the individual of all conscious contact with the outside
world; leaving the afflicted individual bed ridden and entirely dependent on
those around him for all of his or her daily care and needs.

Invariably, at some point during the course of the disease, the family
or whoever it is that is left with the responsibility of caring for such an
individual will be faced with the often times painful decision of whether or
not it would be in the best interests of all involved (caregiver(s) and
patient alike) to have such an individual institutionalized. This decision
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is further complicated by a whole gamut of financial, legal and ethical
issues revolving around third party payments, patient's rights, competency,
and the appropriateness of legal representation (both with respect to the
patient and his personal property). At some point changes will have to be
made at the State and Federal level. Some of these have already begun to
emerge. Additional progress is clearly needed.

The purpose of the conference and this book is to provide a
comprehensive overview of the broad spectrum of issues and problems which
will have to be addressed if this disease and the impact it is having on
society is ever to be brought under control. Unlike most of the previous
conferences and books on this subject, an attempt was made to foster the
exchange and integration of ideas and view points across widely divergent
areas and disciplines (e.g., research, professional health care and
management, the family, legal and ethical issues and public policy). In so
doing, it is hoped that the problems being faced by professionals and family
members alike would better be appreciated and this would, in turn, foster
the development of more effective methods of dealing with this disease.

Harvey J. Altman, Ph.D.

Director,
Department of Behavioral Animal Research
Lafayette Clinic
and
Assistant Professor,
Department of Psychiatry
Wayne State University School of Medicine
Detroit, Michigan
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BEHAVE-AD: A CLINICAL RATING SCALE FOR THE ASSESSMENT OF
PHARMACOLOGICALLY REMEDIABLE BEHAVIORAL SYMPTOMATOLOGY IN
ALZHEIMER'S DISEASE

Barry Reisberg,
Jeffrey Borenstein,
Emile Franssen,
Stacy Salob,
Gertrude Steinberg,
Emma Shulman,

Steven H. Ferris and
Anastase Georgotas

Department of Psychiatry
New York University Medical Center
New York, New York

INTRODUCTION

The clinical characteristics of Alzheimer's disease have only begun to
be described in detail over the course of the past few years. In our
laboratory, we initially described three broad clinical phases of the
progression of the disease (Reisberg, 1981; Schneck et al., 1982). Subse-
quently, we published detailed descriptions of seven, clinically ident-
ifiable global stages in the progression from normal aging to most severe
Alzheimer's disease (Reisberg et al., 1982). Corresponding levels of
cognitive abilities in temms of assessments of concentration, recent memory,
past memory, orientation, and functioning and self-care have also been
described (Reisberg et al., 1983a; Reisberg et al., 1984; Reisberg et al.,
1985a) as has the stage-specific longitudinal outcome of subjects with nor-
mal aging and has progressive Alzheimer's disease (Reisberg et al., 1986).

Mood changes are less constant features of the progression of
Alzheimer's disease than the changes in areas reflecting cognitive abilities
and functioning. Nevertheless, such changes tend to occur in a somewhat
characteristic pattern with the progression of Alzheimer's disease (Reisberg
et al., 1983b). More specifically, the earliest clearly definable stage of
Alzheimer's disease, the fourth Global Deterioration Scale stage (GDS = 4)
is most frequently marked by a flattening of affect and withdrawal from
previously challenging situations. In the fifth GDS stage tearful episodes
are a frequent occurrence, as is the flattening of affect observed earlier
in the 1illness. In the sixth GDS stage overt symptoms of agitation and
psychosis are frequently noted, whereas in the final stage of Alzheimer's
disease-—the seventh stage——a pathologic passivity frequently replaces the
agitation and psychosis which may have been observed earlier in the illness.

The behavioral symptoms of Alzheimer's disease, in particular the
agitation and psychosis referred to above, are an enormous source of anguish
for caregivers of victims of the disease. Our research indicates that



concerns about these symptoms, and with regard to medications which are
prescribed to treat these symptoms, are the most frequently voiced by
caregivers in support groups settings (Shulman and Steinberg, 1984). Issues
with respect to these agitation symptoms are also the one's most frequently
cited by caregivers for placing their beloved spouses or relatives in
institutional settings (Ferris et al., 1985).

Despite the importance of these symptoms, and the frequent use of
psychotropic medications by physicians to treat these symptoms, very few
studies have examined the utility of psychotropic medications in treating
these symptoms in Alzheimer's patients. Apparently only two reports have
been published with regard to the treatment of affective symptoms
(depression) in Alzheimer's patients. One was a study of minaprine, a
compound which is not marketed in the United States, in the treatment of
Alzheimer's patients (Passeri et al., 1985). The other was of some cases of
Alzheimer's disease with depression who successfully responded to monoamine
oxidase inhibition treatment (Jenike, 1985). Only one study, described
further below, has specifically examined the treatment of agitation and
psychotic symptomatology in Alzheimer's patients (Borenstein et al., 1986).
A few other studies have examined these treatment issues in diverse dementia
patient groups which have included patients with specifically diagnosed
Alzheimer's disease (Petrie et al., 1982; Barnes et al., 1982; Helms, 1985).

Before adequate investigations can proceed, the nature of potentially
remediable behavioral symptomatology in Alzheimer's patients must be
described and appropriate rating instruments for measuring such symptoms
must be available.

NATURE OF PHARMACOLOGICALLY REMEDIABLE SYMPTOMATOLOGY

The recent work, alluded to above, which has described in detail the
nature of the primary cognitive symptomatology in Alzheimer's disease, has
permitted the separation of remediable symptoms which are not part of this
core syndrome. The nature of these symptoms in the Alzheimer's patient
appear to be the result of two primary interacting processes: (1) the
characteristic neurotransmitter changes which occur in the brains of the
Alzheimer's patient, and (2) the cognitive changes occurring in the
Alzheimer's patient. .

With respect to neurotransmitter changes in Alzheimer's disease,
deficits in choline acetyltransferase have been repeatedly observed in the
brains of Alzbeimer's patients and have been shown to correlate with the
severity of the illness process (Davies and Maloney, 1976; Perry et al.,
1977; Perry et al., 1978a; Bowen et al., 1979). Other deficits in the
cholinergic system (Perry et al., 1978b; Marsb et al., 1985) and other
central neurotransmitter systems (Francis et al., 1985; Rossor et al., 1984)
have been noted to occur in Alzheimer's patients. Notable amongst these are
noradrenergic deficits (Bondareff et al., 1982), and perbaps decrements in
serotonergic (Bowen et al., 1983) and glutamate (Greenamyre et al., 1985)
cerebral neuronal functioning. Increments in MAO-B activity have also been
poted to occur centrally and peripherally in Alzheimer's patients (Adolfs-
son, et al., 1980). Collectively, these changes are likely to produce
characteristic neurochemical milieus of pharmacologic relevance in the
brains of Alzbeimer's patients. Indeed, the oft-cited cholinergic deficits
are frequently posited to mitigate against the utility of psychotropic
substances with prominent anticholinergic effects.

In addition to neurochemical changes, the essential cognitive distur-
bances accompanying Alzheimer's disease are likely to be of relevance with
respect to behavioral syndromes. For example, it has been noted that



Alzheimer's patients frequently have the delusions, that “people are
stealing things from them,” that "the spouse is an imposter” anrd that their
"house is not their home" (Reisberg and Ferris, 1985). It is possible that
the delusional tendencies in these patients are manifested by symptom-—
atology, the specific nature of which is colored by the cognitive deficit.
For example, with increasing cognitive deficit, Alzheimer's patients no
longer remember where they have placed things as well as formerly.
Consequently, when they become delusional, they may have a tendency to
develop the delusion that people are stealing things from them. Similarly,
with the evolution of cognitive deficit, Alzheimer's patients no longer
recognize their spouse or their home enviromment with the same facility.
Accordingly, when they develop delusional tendencies, these may frequently
be manifested in content as the false belief that their spouse is not truly
their spouse or that they are not, in actuality, in their domicile.

Another behavioral syndrome frequently noted in the Alzhejmer's patient
is purposeless activity or cognitive abulia (literally, a loss of will power
resulting from decreased cognitive abilities). Decreased cognition results
in decreased ability to channel one's energy in specific, goal-oriented,
behavior. Since motoric functioning is relatively well-preserved until the
very last substages of the illness, Alzheimer's patients begin to exhibit
purposeless behavior such as pacing. In severe Alzheimer's disease abrading
is common. The patient may scratch themselves, tear at a sofa, etc.

In order to develop more information about the precise nature and
incidence of potentially remediable behavioral symptoms in outpatients with
specifically diagnosed Alzheimer's disease, we conducted a retrospective
chart review (Borenstein et al., 1986).

Fifty-seven patients with a diagnosis of Alzheimer's disease and Global
Deterioration Scale (GDS) scores of 4 or greater were studied. The meap age
of the patients was 75 + 9.1 years (range = 55~93 years) and they consisted
of 24 men and 33 women.

The records of these patients were reviewed in detail with particular
reference to the incidence of psychotic and depressed symptoms. Specifi-
cally, for each patient visit or telephone contact, the nature of any
behavioral symptoms as documented in the patient records was noted.
Patients were characterized as having behavioral symptoms associated with
primarily psychotic or depressive symptomatology. The severity of illness,
as reflected by GDS scores was also noted for all subjects. Additionally,
pharmacologic interventions to remediate these behavioral symptoms were
examined in detail with respect to medication, dosage, side effects and
response. A positive response was noted if specific mention of this was
made in the patient's record or if the treatment protocol was indicative of
improved behavior (e.g., a steady state dose was maintained or medication
dose was decreased for reasons other than side effects).

Thirty-three of the 57 (58%) patients with Alzheimer's disease were
noted to have had psychotic and/or depressive symptoms at some point in
their assessment. These subjects did not differ significantly from those
without behavioral symptomatology in either age or sex. Twenty-six of the
subjects showed symptoms of a psychotic nature only, six manifested depres-
sive symptomatology which was subsequently followed by psychotic symptoms,
and one patient showed depressive symptoms only. The single patient who
manifested symptoms of depression without psychosis was not followed
subsequently.

Forty-seven percent of patients in the 4th GDS stage (mild Alzheimer's
disease, e.g., decreased ability to handle finances) had psychotic symptoms,
437% of patients in the 5th stage (moderate Alzheimer's disease, e.g.,



decreased ability to choose proper clothing) had psychotic symptoms, and 68%
of patients in the 6th stage (moderately severe Alzheimer's disease, e.g.,
decreased ability to dress, bathe and toilet) had psychotic symptoms.

0f the six patients with depressive symptomatology who were seen sub-
sequently, half presented in the 4th GDS stage and half in the 5th GDS
stage; all developed symptoms of primarily a psychotic nature one GDS stage
later.

The specific nature of the symptoms can be seen in Table 1. The most
frequent symptoms noted were the delusion that "people are stealing things”
from the patient and agitation of a non-specific nature. Forty-eight
percent of all subjects who displayed behavioral symptoms were noted to have
each of the above symptoms. The next most frequently observed were
day/night disturbances (42%), purposeless activity or cognitive abulia
(36%), violence (30%), and verbal outbursts (24%). The most frequent
affective symptom noted was tearful episodes (24%).

Table 1. Nature and Incidence of Behavioral Symptoms
Noted in Thirty-Three Alzheimer's Patients

Sympt oms Na %b
PSYCHOTIC
"People are stealing things"” 16 48
Agitation 16 48
Day-night Disturbance 14 42
Purposeless Activity
(cognitive abulia) 12 36
Violence 10 30
Verbal Outbursts 8 24
"One's house is not one's house 7 21
Delusion of Abandonment 7 21
Suspiciousness 7 21
Paranoia 7 21
Visual Hallucinations 4 12
Hallucinations (unspecified type) 4 12
Delusions (unspecified type) 4 12
"Spouse is an imposter"” 3 9
Threats 3 9
Fearfulness 3 9
Compulsive Behavior 2 6
Wandering 1 3
DEPRESSIVE
Tearful Episodes 8 24
Anxiety 4 12
Decreased Appetite 3 9
Mood Fluctuations 1 3
Flattened Affect/Withdrawn 1 3

aTotal number of patients exhibiting particular symptom.

bPercentage of patients with behavioral (psychotic and/
or depressive) symptomatology who were noted to exhibit
the symptom.

Of the 33 subjects with behavioral symptomatology, 23 were treated for
these symptoms with thioridazine for intervals of two weeks to 22 months
(mean treatment interval = 7.8 + 6.8 months), with dosages ranging from 10
to 250 mg (mean maximum dose = 54.6 + 46.2 mg.). Fifteen (56%) subjects



showed a positive response to the thioridazine regimen and five subjects
(19%) showed no response. Seven of the subjects (26%Z) were not followed
long enough to determine response.

NEED FOR A NEW CLINICAL RATING SCALE

Standardized and widely wutilized clinical rating instruments are
currently available for assessment of the magnitude of depressive symptoma-
tology (Hamilton, 1960; Zung, 1965; Yesavage et al., 1983) psychotic
symptomatology (Overall and Gorham, 1962), so—called "psychogeriatric
symptomatology” (Shader et al., 1974), dementia symptomatology (Blessed et
al., 1968; Folstein et al., 1975; Jacobs et al., 1977; Kahn et al., 1960;
Pfeiffer, 1975; Reisberg et al., 1983a, 1983b), and Alzheimer's symptoma-
tology (Reisberg et al., 1982; Reisberg et al., 1984; Reisberg et al.,
1985a). All of these assessments have serious deficiencies in terms of
their ability to assess the magnitude of pharmacologically remediable
behavioral symptomatology in the Alzheimer's patient.

Self-rating depression scales such as those of Zung and Yesavage et al.
are clearly inappropriate for the patient with Alzheimer's disease whose
recall is seriously impaired and in whom denial is a major defense mechanism
(Reisberg et al., 1985b). Even when tearful episodes, sleep disturbance,
agitation or other depressive or depression-like symptoms do occur in the
Alzheimer's patient, the patient is not a reliable informant as to the
nature or magnitude of such symptoms both because of their cognitive deficit
and because of the significant denial of symptomatology. Indeed, whereas
depressed patients have often been noted to exaggerate the magnitude of
their symptoms, this is not true of the Alzheimer's patient, even when
family members or other close contacts note the presence of depressive
symptoms such as those enumerated above.

Depression scales such as the Hamilton scale, are also inappropriate
for the Alzheimer's patient for several reasons. Most fundamentally the
depressive syndrome of Alzheimer's disease is different in 1its
symptomatology and course from the unipolar and bipolar major affective
disorders (APA, 1980) which the Hamilton scale is designed to measure.
Major affective disorder may, or may not, be accompanied by psychosis. The
depressive syndrome of Alzheimer's disease generally evolves into, and is
ultimately replaced by, a psychotic or psychosis-like syndrome marked by
agitation, repetitive wakenings over the course of the evening, suspicious—
ness, delusional ideation, and, less frequently, hallucinations.

Certain Hamilton scale items are clearly inappropriate for the
Alzheimer's patient with impaired cognitive and functional abilities.
Notable among these are Hamilton items 7, 8, 17, and 19, assessing "work and
activities,” "retardation,” "insight,” and "depersonalization and dereali-
zation,"” respectively. The presence of dementia itself is of course
invariably associated with a decrement in occupational and other abilities.
Additionally, early dementia is associated with a flattening of affect and a
decrease in activities. Insight, too, by definition is altered by dementia,
although denial alsc plays a role in altering responses to queries designed
to measure insight (Reisberg et al., 1985b). Psychomotor slowing is also
frequently noted in the patient with Alzheimer's disease, apparently
resulting from the more general cognitive decrement (Reisberg et al.,
1983b). This slowing in dementia patients may be entirely independent of
affective changes. Finally "depersonalization” and "derealization" are
inappropriate queries for the patient with Alzheimer's disease or, indeed,
other forms of dementia.

The remaining Hamilton items are not particularly evocative of the
depressive syndrome of Alzheimer's disease. This tends to be marked by



transient episodes of tearfulness, but not pervasive dysphoria. It also
tends to be marked by a sleep disturbance associated with a decrease in
diurnal cues, and hence a tendency to nap during the day with frequent
wakenings in the evening. The origins and chbaracter of this sleep distur-
bance is somewhat different from that of a major depressive episode. Weight
loss, suicidal ideation, and diurnal variations in mood are very uncommon in
the depressive syndrome of Alzheimer's disease (see Table 1).

For all of the above reasons, present rating instruments for the
magnitude of affective disorder are inappropriate for the depressive
syndrome of Alzheimer's disease. Because this syndrome appears to exist in
a continuum with the psychotic syndrome of Alzheimer's disease, a rating
instrument designed to assess this syndrome should probably incorporate both
phases of the continuum, while being independent of the magnitude of
cognitive symptomatology.

Currently available clinical rating instruments for assessing the
magnitude of psychotic symptomatology are also inappropriate for the
Alzheimer's patient. The Brief Psychiatric Rating Scale (BPRS; Overall and
Gorham, 1962) is the most widely utilized scale for the assessment of
psychotic symptomatology and its pharmacologic remediation, irrespective of
etiology. The scale consists of 18 items, each assessed on a seven—point
magnitude of severity rating. Of these 18 items, those reflecting emotional
withdrawal (lack of spontaneous interaction, isolation, deficiency in
relating to others); blunted affect (reduced emotional tonme, reduction in
normal intensity of feeling, flatness); and disorientation (confusion or
lack of proper association for person, place, or time--items 3, 16, and 18,
respectively), are clearly inappropriate in the assessment of possibly
remediable affective and psychosis-like symptomatology in the Alzheimer's
patient. Other items such as Item 4, conceptual disorganization (thought
processes confused, disconnected, disorganized, disrupted) and Item 13,
motor retardation (slowed weakened movements or speech, reduced body tone),
are confounded for assessment purposes either directly, as in the case of
Item 4, or indirectly, in the case of ITtem 13, by the cognitive symptoma-
tology of Alzheimer's disease. Many of the remaining items are not
particularly evocative of the potentially remediable behavioral affective
and psychotic symptomatology in Alzbeimer's disease. For example, Ttems 7,
8, and 15 assessing mannerisms and posturing (peculiar, biazrre, unnatural
motor behavior), grandiosity (exaggerated self-opinion, arrogance,
conviction of unusual power or abilities), and unusual thought content
(unusual, odd, strange, bizarre thought content), all occur rarely, if ever,
in Alzheimer's patients. Of the remaining ten items, those reflecting
somatic concerns and guilt feelings (Items 1 and 5) are very uncommonly seen
even in the affective syndrome of Alzheimer's disease. This leaves eight
items on the BPRS which are to a variable extent potential measures of the
remediable behavioral syndrome of Alzheimer's disease. However, even these
measures are not ideal assessments of this characteristic syndrome.

The psychogeriatric scales, of which the Sandoz Clinical Assessment
Geriatric (SCAG; Shadar et al., 1974) 1is probably the most widely utilized,
also suffer from many of the same deficiencies as the BPRS, namely (1) the
prominent inclusion of items reflecting cognitive symptomatology which is
presently, unfortunately, not remediable in the Alzheimer's patient, and
which exists invariably in the Alzheimer's patient and is independent of the
behavioral syndrome, and (2) items reflecting behavioral changes which
either do not occur in Alzheimer's disease, or are not ideally evocative of
the potentially pharmacologically remediable behavioral syndrome in
Alzheimer's disease. Of the 19 SCAG items, five reflect cognitive dys—
function and three reflect withdrawal (Salzman, 1983). These eight items
are not useful in regard to assessing the behavioral syndrome of Alzheimer's
disease. Five items reflect "mood depression.” One of these "dizzyness",



commonly relates to inner ear disturbance, orthostatic hypotension and

other cardiovascular disturbances, but is unrelated to Alzheimer's disease
or, more particularly, to the affective changes in Alzheimer's disease.
Another item in this mood depression "orthogonal factor,"” "fatigue," also
has little or no relationship to Alzheimer's disease. Appetite decrement is
very uncommon in Alzheimer's disease. This leaves only the SCAG items "mood
depression” and "anxiety" to assess the affective elements in the
Alzheimer's behavioral syndrome. Tearfulness, the most common affective
symptom in Alzheimer's patients is not assessed in the SCAG and not
mentioned as a descriptor of any SCAG item. Neither is the other commonly
observed affective symptom, frequent nighttime wakenings, alluded to in the
SCAG, although, early wakening is mentioned as a component of the mood
depression item.

The SCAG's "agitation irritability” orthogonal factor does contain
items which occur in the behavioral syndrome of Alzheimer's disease. The
major problem is that these items: “emotional lability,” "irritability,"
"hostility," "bothersomeness,” and "uncooperativeness," lack specific
severity criteria useful in Alzbeimer's patients and hence tend to all be
assessed on the same, somewhat arbitrary continuum. Suspiciousness and
delusions--the most common and prominent features of the behavioral syndrome
of Alzheimer's disease--are not assessed on the SCAG.

Mental status assessments such as the commonly utilized assessments
alluded to above (Folstein et al., 1975; Jacobs et al., 1977; Kahn et al.,
1960; Pfeiffer, 1975), do not incorporate emotional or behavioral assess-
ments. Other scales assessing the magnitude of dementia symptomatology such
as the Blessed Dementia Scale (Blessed et al., 1968) and the Brief Cognitive
Rating Scale (BCRS; Reisberg et al., 1983a, 1983b) incorporate some
emotional change measures. The Blessed Dementia Scale has a section assess—
ing "changes in personality, interests, drive."” However, as has been true
of many of the measures which have been discussed above, many of these items
are the secondary resultants of cognitive changes in the patient with
Alzheimer's disease (increased rigidity; coarsening of affect; diminished
emotional responsiveness; hobbies relinquished; and diminished initiative or
growing apathy). The remaining six items frequently have no relationship to
the clinical syndrome of Alzheimer's disease (increased egocentricity,
impairment of regard for feelings of others, hilarity in inappropriate
situations, and sexual misdemeanor). This leaves only two all-or-nope
assessments in the Blessed scale of relevance, namely “impairment of
emotional control” and "purposeless hyperactivity." Clearly these two items
do not in and of themselves evoke the behavioral syndrome described in Table
1. Similarly, the single BCRS axis assessing progressive mood changes
accompanying the evolution of progressively more severe Alzheimer's disease
is an insufficient description of the behavioral syndrome in the disease as
are global and functional changes reflecting the progression of the disease
(GDS, Reisberg et al., 1982; FAST, Reisberg et al., 1984).

DESCRIPTION OF THE BEHAVIORAL PATHOLOGY IN ALZHEIMER'S DISEASE RATING SCALE
(BEHAVE-AD)

The Behavioral Pathology in Alzheimer's Disease Rating Scale (BEHAVE-
AD) can be found in Table 2. It differs from the rating measures discussed
in the previous section in several important ways. Specifically: (1) all
assessment measures are designed to specifically reflect and measure the
characteristic behavioral symptoms which commonly occur in the Alzheimer's
patient; (2) all assessment measures are largely independent of the primary,
presently unremediable, cognitive symptomatology of Alzheimer's disease; (3)
all assessment measures reflect behaviors which are frequently disturbing to
caregivers of the Alzheimer's patient, and (4) all assessment measures re-



flect behaviors which present clinical and research experience indicates

are potentially remediable in the Alzheimer's patient, through pharmacologic
and perhaps other interventions. Collectively, these advantages should
enable clinical investigators to utilize this quantified assessment tool in
prospectively designed studies of pharmacologically remediable symptoms in
the Alzheimer's patient. Since virtually no such prospective studies have
yet been conducted, this would appear to be an opportune time for the intro-
duction of such a measure. It should be noted that this scale incorporates
information and experience from a previous measure designed by us which we
found to be underinclusive (Reisberg and Ferris, 1985).

The separation of unremediable cognitive symptomatology from the
BEHAVE-AD permits investigators to examine the stage-specific nature of
behavioral symptomatology in Alzheimer's disease. As briefly discussed
earlier in this paper, on the basis of current data there does appear to be
a tendency for behavioral symptoms to occur in a relatively stage-specific
time-course in Alzheimer's patients. The further identification of these
stage-specific aspects is of relevance for clinicians in the treatment of
Alzheimer's patients and the counseling of their families. Such issues can
now be examined independently. Alzheimer's patients can be assessed as to
their degree of cognitive impairment on the GDS, on Part I of the BCRS, on
mental status assessments, and on neuropsychological tests, independently of
their behavioral assessment, except to the extent to which agitation
delusions, or other behavioral aspects directly interfere with cognitive
measures. In the majority of cases the latter caveat does not appear to be
a major problem.

The separation of cognitive and behavioral features of Alzheimer's
disease, also permits investigators to independently examine the effects of
pharmacologic agents which improve BEHAVE-AD symptomatology on cognitive
functioning. Some of the agents which present clinical experience indicates
may be most effective in remediating BEHAVE-AD symptoms, such as
thioridazine and amitriptylene, are frequently said to exert anticholinergic
effects which interfere with cognitive abilities. Whether, in the dosages
which are therapeutically useful in Alzheimer's patients, these anti-
cholinergic effects are indeed of clinical relevance and indeed interfere
with cognition, is not presently clear. This question, and similar ones,
are now amenable to investigation.

The relative specificity of the BEHAVE-AD with regard to remediable
symptomatology in Alzheimer's disease should make it particularly useful in
studies in this patient population. Behaviors which are relatively common
in these patients, which might otherwise be overlooked are specifically
graded, in part serving the clinician and caregiver by alerting them to
potentially remediable symptomatology. Also, the tendency evident in some
previous scales toward clustering of ill-defined symptoms should be avoided
utilizing the BEHAVE-AD except in cases where such symptoms indeed occur
together.

Table 2. Behavioral Pathology in Alzheimer's Disease Rating Scale
(BEHAVE-AD )*

Part I: Symptomatology

Assessment Interval: Specify: wks .
Total Score:

(continued)



Paranoid and Delusional Ideation

"People are Stealing Things" Delusion

(d) Not present

(1) Delusion that people are hiding cbjects

(2) Delusion that people are caming into the hame and hiding or
stealing objects

(3) Talking and listening to people caming into the hame

"One's House is Not One's Hame" Delusion

(9) Not present

(1) conviction that the place in which one is residing is not one's
hare (e.g., packing to go hame; camplaints, while at hame, of
"take me hcame")

(2) Attempt to leave domiciliary to go home

(3) Violence in response to attempts to forcibly restrict exit

"Spouse (or Other Caregiver) is an Imposter" Delusion

() Not present

(1) Conviction that spouse (or other caregiver) is an imposter

(2) Anger toward spouse (or other caregiver for being an imposter)

(3) Violence towards spouse (or other caregiver) for being an
imposter

"Delusion of Abandonment" (e.g. to an institution)

() Not present

(1) Suspicion of caregiver plotting abandorment or institutional-
ization (e.g. on telephone)

(2) Accusation of a conspiracy to abandon or institutionalize

(3) Accusation of impending or immediate desertion or institution—
alization.

"Delusion of Infidelity"

(d) Not present

(1) Conviction that spouse and/or children, and/or other care—
givers, are unfaithful

(2) BAnger toward spouse, relative or other caregiver for their
infidelity

(3) Violence toward spouse, relative or other caregiver for
their supposed infidelity

"Suspiciousness/Paranoia" (other than above)

(9) Not present

(1) Suspicious (e.g. hiding ocbjects which they later may be unable
to locate)

(2) Parancid (i.e. fixed conviction with respect to suspicions and/
or anger as a result of suspicions)

(3) Violence as a result of suspicions

Unspecified?

Describe

Delusions (other than above)

(2) Not present

(1) Delusional

(2) Verbal emotional manifestations as a result of delusions
(3) Physical actions or violence as a result of delusions
Unspecified?
Describe




B.

C.

10

Hallucinations

8.

19.

11.

12,

Visual Hallucinations

(9)
(1)
(2)

(3)

Not present

Vague: not clearly defined
Clearly defined hallucinations of cbjects or persons (e.g. sees
other people at the table)

Verbal or physical actions or emotional responses to the
hallucinations

Auditory Hallucinations

(2)
(1)
(2)
(3)

Not present

Vague: not clearly defined

Clearly defined hallucinations of words or phrases
Verbal or physical actions or emotional responses to the
hallucinations

Olfactory Hallucinations

(2)
(1)
(2)
(3)

Not present

Vague: not clearly defined

Clearly defined

Verbal or physical actions or emotional responses to the
hallucinations

Haptic Hallucinations

Not present

Vague: not clearly defined

Clearly defined

Verbal or physical actions or emotional responses to the
hallucinations

Other Hallucinations

(2)
(1)
(2)
(3)

Not present

Vague: not clearly defined

Clearly defined

Verbal or physical actions or emotional responses to the
hallucinations

Unspecified?
Describe

Activity Disturbances

13.

14.

Wandering: away fram hame or caregiver

(2)

Not present

Samemhat, but not sufficient as to necessitate restraint
Sufficient as to require restraint

Verbal or physical emotional responses to attempts to prevent
wandering

Purposeless activity (cognitive abulia)

(9)
(1)

(2)
(3)

Not present

Repetitive purposeless activity (e.g. opening and closing
pocketbook; packing and unpacking clothing; repeatedly putting
on and removing clothing; opening and closing drawers;
insistent repeating of demands or questions)

Pacing or other purposeless activity sufficient to require
restraint

Abrading or physical harm resulting fram purposeless activity



15.

Inappropriate Activity

(@) Not present

(1) Inappropriate activities (e.g. storing and hiding objects in
inappropriate places such as throwing clothing in wastebasket
or putting empty plates in the oven; inappropriate sexual
behavior such as inappropriate exposure)

(2) Present and sufficient to require restraint

(3) Present, sufficient to require restraint and accawpanied by
anger or violence when restrained

D. Aggressivity

le6.

17.

18.

Verbal outbursts

() Not present

(1) Present (including unaccustamed use of foul or abusive
language)

(2) Present and accampanied by anger

(3) Present, accampanied by anger, and clearly directed at other
persons

Physical threats and/or violence

(6) Not present

(1) Threatening behavior

(2) Physical violence

(3) Physical violence accampanied by vehemence

Agitation (other than above)

() Not present

(1) Present

(2) Present with emotional camponent

(3) Present with emotional and physical camponent
Unspecified?

Describe

E. Diurnal Rhythm Disturbances

19.

Day/Night Disturbance

(8) Not present

(1) Repetitive wakenings during night

(2) 50 to 75% of former cycle at night

(3) Camplete disturbance of diurnal rhythm (i.e. less than 50% of
former sleep cycle at night)

F. Affective Disturbances

20.

21.

Tearfulness
(8) Not present
(1) Present

(2) Present and accompanied by clear affective component
(3) Present and accampanied by affective and physical component
(e.g., "wrings hands" or other gestures)

Depressed Mood: Other

() Present

(1) Present (e.g. occassional statement "I wish I were dead,"
without clear affective concamitants)

(2) Present with clear concamitants (e.g. thoughts of death)

1



(3) Present with emotional and physical concamitants (e.g. suicide
gestures)

Unspecified?

Describe

G. Anxieties and Phobias

22. Anxiety regarding upcoming events (Godot syndrame)
(9) Not present
(1) Present: Repeated queries and/or other activities regarding
upcaming appointments and/or events
(2) Present and disturbing to caregivers
(3) Present and intolerable to caregivers

23. Other anxieties
() Not present
(1) Present
(2) Present and disturbing to caregivers
(3) Present and intolerable to caregivers
Unspecified?
Describe

24, Fear of being left alone
(@) Not present
(1) Present: fear of being alone is voiced
(2) Vocalized and sufficient to require specific action on part of
caregiver
(3) Vocalized and sufficient to require patient to be accampanied
at all times

25. Other phobias
(9) Not present
(1) Present
(2) Present and of sufficient magnitude to require specific

action on part of caregiver

(3) Present and sufficient to prevent patient activities
Unspecified?
Describe

Behavioral Pathology in Alzheimer's Disease Rating Scale
(BREHAVE - AD)
Part 2: Global Rating

With respect to the above symptams, they are of sufficient magnitude as to
be:

(@) Not at all troubling to the caregivers or dangerous to the patient

12



(1) Mildly troubling to the caregiver or dangerous to the patient

(2) Moderately troubling to the caregiver or dangerous to the patient

(3) Severely troubling or intolerable to the caregiver or dangerous to
the patient

*c 1986 by Barry Reisberg, M.D., all rights reserved.

CONCLUSION

The rationale and development of a new clinical rating scale designed
to assess the presence and magnitude of potentially remediable behavioral
symptomatology in Alzheimer's patients have been presented herein. The
scale, the BEHAVE-AD, enables clinicians to sensitively and accurately
assess behavioral symptoms in Alzheimer's patients, independent of
untreatable cognitive features of the illness. We believe the scale will be
useful in pharmacologic investigations into the treatment of affective and
psychotic aspects of Alzheimer's disease.
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INTRODUCTION

The operation of a genetic factor in the etiology of Alzheimer's
disease (AD) is most strongly supported by multiple levels of association
between AD an Down's syndrome (DS). An excess frequency of DS among the
first-degree relatives probands with autopsy-proven AD was. first uncovered
by the extensive pedigree studies of Heston and his colleagues (1976; 1981;
1982), and had recently been independently confirmed by Heyman (1983).
Virtually all individuals with DS surviving to the fourth decade manifest
the neuropathologic changes of sporadic AD, both qualitatively and quantit-
atively (Olson and Show, 1969; Ellis et al., 1974; Ball and Nuttall, 1980;
Mann et al., 1984; Wisniewski et al., 1985). Amino acid sequence analyses
indicate extensive homologies between the cerebrovascular and plaque amyloid
fibril proteins of adult DS and sporadic AD brains (Glenner and Wong, 1984;
Masters et al., 1985).

Recently, another level of genetic association between AD and DS has
been identified in the correspondence of their dermatoglyphic patterns
(Weinreb, 1985). Dermatoglyphics is the systematic classification and study
of the epidermal ridge patterns on the fingers, palms, and soles (Cummings
and Midlo, 1943; Alter, 1966; Schaumann and Alter, 1976; Loesch, 1983). The
morphology of dermatoglyphic patterns is genetically determined, but the
mode of inheritance is unknown and the genetic mechanisms involved are
obscure (Cummins and Midlo, 1943; Schaumann and Alter, 1976). Once fully
developed by the sixth prenatal month, these patterns remain unaltered
throughout the lifespan (Cummins and Midol, 1943; Walker, 1957; Schaumann
and Alter, 1976).

A group of AD patients, when compared to a sample of non—demented
patients with other neurological diseases, was observed to have a signif-
icantly higher frequency of a particular dermatoglyphic pattern——the ulnar
loop—on their fingertips (Weinreb, 1985). This finding was significant
because an elevated frequency of ulnar loops is the most salient
dermatoglyphic trait in DS patients, and is one of the traits most useful in
discriminating DS patients from controls (Cummins and Midlo, 1943; Alter,
1966; Rosner et al., 1967; Schaumann and Alter, 1976).
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Prior to the establishment of karyotyping as the definitive procedure
for confiming DS, discriminant schemes were devised for this diagnosis,
based upon the relative frequencies of specific dermatoglyphic traits in DS
and matched nommals. These schemes efficiently separated these two popul-
ations by dermatoglyphic discriminants and supplemented clinical judgement
(Walker, 1957; Reed et al., 1970; Bolling et al., 1971; Borgaonkar et al.,
1971; Penrose and Leoesch, 1971; Deckers et al., 1973a; Deckers et al.,
1973b; Deckers et al., 1973c). For example, the Hopkins score, proposed by
Borgaonkar and colleagues (1971), is based upon predictive discriminant
weights assigned to thirty pattern areas on both hands and feet; the
summated score discriminates between trisomic DS and karyotypically normal
controls with 97% accuracy, and is also able to detect cases of trans-—
location DS and mosaic DS.

The present study surveyed a sample of patients with presumed AD and
matched controls, examining for the frequency of those dermatoglyphic traits
which are prominent in DS and robust in discriminating DS patients from
normals. These traits are the fingertip patterns, interdigital area III
patterns, the palmar flexion creses, the palmar hypothenar patterns, and
hallucal region patterns (Walker, 1957; Reed et al., 1970; Bolling et al.,
1971; Borgaonkar et al., 1971; Penrose and Loesch, 1971; Ceckers et al.,
1973c; Schaumann and Alter, 1976). A simple discriminant scheme is devised,
based upon an analysis of the relative frequencies of common patterns in
these areas.

METHODS

Patient Selection. Fifty patients comprised the AD group; they ful-
filled recent recommendations for the research diagnosis of probable AD
(McKhann et al., 1984). Their mean age was 72.1 years. Controls consisted
of one hundred randomly sampled patients who were age 50 years or older with
other medical or neurological illnesses. Their mean age was 71.7 years.
They had no diagnosis of dementia and had no history of an acute or chronic
encephalopathy in the year prior to evaluation. Each AD patient was matched
to two control patients by age (to the nearest half-decade), sex, and racial
background. The matching of sex and race minimizes the small but poten—
tially significant confounding influence of these variables on the frequency
of dermatoglyphic patterns (Cummins and Midlo, 1943; Schaumann and Alter,
1976), while age matching minimizes cohort effects.

Excluded from this analysis were patients with diagnosis of Parkinson's
disease, with or without dementia; patients in whom limb trauma prevented
accurate assessment; and patients with genetic defects or a history of
mental retardation.

Dermatoglyphic analysis. Dermatoglyphic patterns were recorded from
the fingers, palms, and feet by non—invasive inkless methods (Schaumann and
Alter, 1976). Five pattern areas were analyzed: fingertip patterns, inter-
digital area III patterns, palmar flexion crease, hypothenar region
patterns, and hallucal region patterns. These patterns were classified into
standard categories following commonly accepted criteria (Cummins and Midlo,
1943; Alter, 1966; Penrose, 1968; Schaumann and Alter, 1976). Due to the
relatively small size of the AD sample, the frequencies of dermatoglyphic
traits were  combined for the sexes, races, and for the right and left limbs.

RESULTS

Fingerprint patterns. Fingerprint pattern types are classified into
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four categories: wulnar loops (opening toward the ulnar side of the hand),
whorls, and arches. Table 1 tabulates the percentage frequencies of these
patterns in the AD patients and in the controls. In contrast to the control
group, the frequency of ulnar loops is globally increased in AD patients.
This increase in ulnar loops is globally increased in AD patients. This
increase in ulnar loop is complemented by a reciprocal decrease in the
frequency of whorls; the frequency of arches is also diminished, but to a
much lesser extent. In order of relative magnitude, the increase in ulnar
loops is greatest for digits II, I, IV, III, and V. Chi-square analyses
support associations between AD and the overall frequency of ulnar (X2 =
27.7, df = 1, p < 0.0001), the frequency of ulnar loops on digit I (X2 =
16.6, df = 1, p < 0.001), and the frequency of ulnar loops on digit II (X2 =
11.6, df = 1, p < 0.001). The frequency of radial loops varies in a minor
way between the two groups. Radial loops on digits IV and V are slightly
more prevalent among AD patients, but their frequency is not significantly
different from controls (p < 0.10).

This increase in the ulnar loop frequency in AD is commensurate with
the median percentage frequency of ulnar loops in DS patients (78.3) versus
controls (56.8) reported in other studies (Schaumann and Alter, 1976). In
contrast to AD patients, DS patients exhibit a much greater decrement in
their frequency of radial loops; these are far more likely to appear on
digits IV and V. Ulnar loops on all ten fingers were present in 227% of the
AD sample and 27 of the controls. Significant associations exist between AD
and a total ulnar loop count of seven or greater (X2 = 1l4.1, df =1, p <
0.001) and eight or greater (X2 = 16.1, df = 1, p < 0.001).

Interdigital III patterns. AD patients did not differ remarkably from
the controls in their frequency of whorl/loop patterns (26.0% versus 23.5%,
respectively) in this region (p < 0.10). In DS patients, the frequency of
these patterns in this region is consistently elevated above controls
(Walker, 1957; Schaumann and Alter, 1976; Loesch, 1983).

Palmar creases. The two common variants of the major palmar flexion
creases are the Simian crease and the Sydney line. Simian creases and
Sydney lines are more prevalent in AD, and were observed in 11% and 10% of
AD hands, respectively. In the controls, the frequency of these creases was
47 and 7%, respectively. This association is significant for Simian creases
(X2 = 4.38, df =1, p < 0.05), but not for Sidney lines (p > 0.10). Both
Simian creases and Sydney lines are consistently more common in DS palms
than in control palms (Plato et al., 1973).

Palmar hypothenar patterns. Only whorls and loops are considered to be
'true' patterns in this region. Loops are further designated as radical,
ulnar, or carpal in relation to the aspect of the palm towards which they
open (Cummins and Midlo, 1943). Simple arches and open fields are not
classified as true patterns. Table 2 indicates that true hypothenar
patterns, and radial loops in particular, are more frequent in AD patients
and are observed in 50% of their palms, as opposed to 26% of control
patients palms. Further, true hypothnar patterns occur on both hands in 447
of the AD patients, while only 187 of control patients manifest this trait.
There are significant associations between AD and the frequency of true
hypothenar patterns (X2 = 16.0, df = 1, p < 0.001) the frequency of radial
loops (X2 = 16.9, df = 1, p < 0.001) and the frequency of patients with
bilateral true hypothenar patterns (X2 = 10.8, df = 1, p < 0.01). True
patterns were noted on 58.47% of palms in a survey of DS subjects by Plato et
al., (1973), and these were often bilateral and symmetrical. In sharp
contrast to the AD patients, however, the hypothenar patterns in DS were
mostly ulnar loops: radial loops were extremely rare.
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Table 1. Percentage frequencies of finger patterns in AD
patients and controls, right and left hands combined*

Digit Ulnar Loop Radial Loop Whorl Arch
I Thumb

AD 73.0 0.0 26.0 1.0

Controls 47.5 0.5 46.5 5.5
11 Index

AD 52.0 20.0 24.0 4.0

Controls 31.0 21.5 38.5 9.0
1ITI Middle

AD 83.0 1.0 13.0 3.0

Controls 73.5 2.0 20.0 4.5
IV Ring

AD 65.0 2.0 32.0 1.0

Controls 57.0 0.0 41.5 1.5
\Y Little

AD 87.0 1.0 11.0 1.0

Controls 80.5 0.5 18.5 0.5
All digits

AD 72.0 4.8 21.2 2.0

Controls 57.9 5.0 33.0 4.0

*AD indicates Alzheimer's disease
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Table 2. Percentage frequencies of hypothenar patterns in AD

Group

AD
Controls

patients and controls, right and left combined*
Pattern Type

True Patterns

Open/Arch Radial Loops Other** Bilateral Unilateral
50 42 8 44 10
74 21 5 18 16

*AD indicates Alzheimer's disease
**ulnar loops, carpal loops, and whorls

Table 3. Percentage frequencies of hallucal region patterns,

right and left feet combined

Pattern Type

Large Small

Distal Loop Distal Loop Whorl Other
AD* 55.0 3.0 27.0 15.0
Controls 38.0 0.5 44.0 17.5

*AD indicates Alzheimer's disease
**proximal arches, tibial loops, and fibular loops
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Hallucal region patterns. Table 3 tabulates the distribution of these
patterns in the present sample. Distal loops are subdivided into large and
small variants, depending upon the number of ridges present: Large distal
loops have ridge counts of 20 or greater (Reed et al., 1970). AD patients
have an increased frequency of both large and small distal loops, while
control patients, in contrast, tend to have more whorl patterns, followed by
large distal loops. Chi-square confirms the association between large
distal loops and AD (X2 = 7.2, df = 1, p < 0.01). Large distal loops on
both feet were more frequent in AD patients (50%) than in controls (34%7),
but this trend was not significant (p > 0.01). In DS, and arch tibial
pattern dominates the hallucal region, accounting for over 50% of the
patterns in several studies. Small distal loops comprise the second
commonest pattern in this region in DS subjects, followed by large distal
loops and fibular loops (Schaumann and Alter, 1976).

Discriminant analysis. In constructing a discriminant scheme that
would best distinguish between the AD and the Control patients by dermato-
glyphic traits, it is important to emphasize that: (1) only in terms of the
relative frequencies of particular traits in comparable sampled populations
(Smith and Berg, 1976); (2) traits combined into a single score ideally
should be obtained from uncorrelated pattern regions (Bolling et al., 1971;
Smith and Berg, 1976); (3) the combination of traits with differing degrees
of specificity can be optimized by weighing them according to their
discriminant efficiency (Smith and Berg, 1976); and (4) the direct
application of discriminant schemes with high accuracy in distinguishing
trisomic DS from normals to AD patients might yield misleading results since
this would not take into account the important differences between the
categories and frequencies of specific patterns in AD and in DS (e.g., the
elevated prevalence of radially oriented hypothenar patterns in AD vis a vis
the ulnar oriented hypothenar patterns in DS).

Penrose and Smith (1966) proposed an index of discrimitive efficiency
which is simple in computation, yet powerful in identifying those
dermatoglyphic traits which best differentiate affected patients from
controls. This index is essentially the product of the difference between
the frequency of a trait in two populations and the natural logarithm of the
relative likelihood of the trait to be associated with a particular
diagnosis. When this methods is applied to the roster of dermatoglyphic
traits sampled above, a table of probability scores favoring the diagnosis
of AD can be constructed, based upon the discriminative power of specific
dermatoglyphic traits (Table 4). These probability scores can be summed,
according to the presence or absence of these particular dermatoglyphic
traits, to yield an overall score for an individual patient. Note that
traits significantly associated with AD, such as the presence of Simian
creases, are too infrequent in both AD patients and in controls to be of
sufficient discriminative power to justify inclusion on this list.

This discriminant scheme has been applied to the present data sample,
and the frequency distribution of scores are displayed in Figure 1. The
mean score obtained by the AD patients (1.23) is significantly higher than
that of controls (-.47) (t = 7.05, df = 148, p < 0.0001 two tailed). A
score above zero, indicating a preponderance of dermatogylphic traits in the
direction of AD, separates 78% of the AD patients for 62% of the controls.
Thus, this scoring scheme can detect AD with a sensitivity and specificity
of 78% and 62%, respectively; the predictive value of a positive score for
the diagnosis of AD is 67%, while a score below zero has a predictive value
of 73% in excluding AD. Figure 2 schematically illustrates pertinent
dermatoglyphic findings in an autopsy-confirmed case of Alzheimer's disease:
by the method outlined above, this patient obtained a discriminant score of
2.57. Two other patients in the AD group with subsequent neuropathological
confirmation of AD obtained scores of .72 and .89 by this method.
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Table 4. Discriminant Weights of Selected Dermatoglyphic Traits

Probability score Efficiency index*
Fingertips:
10 ulnar loops (+)2.40 .52
9 ulnar loops (+)1.49 .59
8 ulnar loops (+) .88 .53
7 ulnar loops (+) .57 A
6 or less (-) .80 A
Hypothenar:
bilateral patterns present +) .89 .38
bilateral patterns absent (-) .64 .15
Hallucal:
bilateral loops present (+) .80 .15
bilateral loops absent (=) .74 .15

*computational method of Smith and Berg (1976)

RIGHT LEFT

Figure 2. Sample dermatoglyphic analysis. Patient

PG (male): literature professor with progressive
dementia beginning age 52, culminating in myoclonus and
vegetative state. Severe Alzheimer's disease confirmed
by autopsy at age 60. History of senile-onset dementia
in mother and maternal grandfather. Right hand: ulnar
loops on digits I-II1I; radial loops on digits IV and V;
large S-pattern whorl present in hypothenar region.
Left hand: wulnar loops on all digits; large ulnar loop
present in hypothenar reegion. Large distal loops
present in hallucal region of both sides.
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DISCUSSION

This present study extends a prior investigation by identifying further
congruence between the dermatoglyphic features peculiar to DS and those in a
sample of AD patients (Weinreb, 1985). Discriminant scores assigned to
dermatoglyphic traits on the fingertips, hypothenar, and hallucal region are
modestly sensitive in distinguishing AD patients from a sample of matched
control patients. While it could be argued that, in general, an increase in
the prevalence of loop patterns succinctly characterizes the dermatoglyphic
correspondence between DS and AD, important distinctions remain. Radial
loops on digits IV and V are common in DS, but infrequent in AD.
Interdigital III region loops are not increased in AD. Hypothenar loop
patterns, while present frequently in both AD and DS, are usually of radial
orientation in AD, while in DS these loops are virtually always of the ulnar
variety. Arch tibial patterns and small distal loops are frequent hallucal
region findings in DS, but the former pattern is rare in all non-DS
populations and the latter pattern is present only as a trend in AD. It is
reasonable to conclude that, when measured on a hypothetical scale of
dermatoglyphic 'distance,' AD patients as a group are closer at the DS
phenotype than a matched set of control patients.

The dermatoglyphic attributes common to AD and DS are denominators
unique to these two entities; they have not been reported in other genetic
disorders involving autosomal, sex chromosome, or single gene aberrations,
nor in other neurological diseases (Barbeau et al., 1965; Alter, 1966;
Rosner et al., 1967; Schaumann and Alter, 1976; Schaumann and Mayersdorf,
1979; Garruto et al., 1983). Dermatoglyphic features resembling those found
in DS have thus far been detected in one other intriguing group of persons:
the first-degree relatives of DS patients, especially their mothers
(Penrose, 1954; Priest, 1969; Priest et al., 1973; Ayme et al., 1979;
Loesch, 1981; Rodewald et al., 1982; Schmidt et al., 1981). The aggregate
conclusions of dermatoglyphic studies in the parents of DS children support
the conclusion that, on the hypothetical scale of dermatoglyphic 'distance'
alluded to earlier, the parents (particularly the mothers) of DS children
are closer to DS phenotype than AD patients, who in turn are closer to the
DS phenotype than controls. The genesis of DS, in the majority of cases, is
felt to depend upon the mother's age at the time of conception, and is
ascribed to non-disjunction during oogenesis due to an age-related
malfunction of the meiotic cell division apparatus (Smith and Berg, 1976;
Hansson and Mikkelson, 1978). Of corollary relevance is the observation
that, in families in which DS and AD cluster, the patients with DS are
usually related to the AD probands through their mothers, and in these
families the probands develop AD at an earlier age and have a more severe
form of the disease (Heston, 1976; Heyman et al., 1983). There is no
evidence to suggest that parents of DS children are at any increased risk of
developing AD.

While it might be conjectured that the genetic factors governing the
development of epidermal ridge patterns are linked to other genes
controlling the propensity of meiotic non-disjunction or the predilection to
develop AD, an equally plausible and more compelling hypothesis is that a
common genetic factor modulates: (1) the growth patterns of epidermal
anlage during prenatal development, resulting in dermatoglyphic features
resembling the DS phenotype; (2) cytokinetic events during gametogenesis,
resulting in an increased probability of meiotic non-disjunction with aging;
(3) neuronal metabolism during senescence, resulting in a negative trophic
effect upon neuronal viability and the accelerated degeneration of
susceptible neurotransmitter- and neuromodulator-specific systems.

Further dermatoglyphic studies encompassing larger, stratified samples
of AD patients and controls, with necropsy follow-up, will codify other
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latent dermatoglyphic trends in this disorder, thereby enhancing the
presently primitive specificity of dermatoglyphics as a useful research
technique in AD. Dermatoglyphic data, in conjunction with clinico-
pathological correlations, are a useful adjunct to pedigree studies of the
transmission of AD, and offer the potential to classify younger asymptomatic
individuals along an ordinal scale of risk for AD. Epidermal ridges are a
unique non-neural tissue, reflecting the outcome of a multifaceted genetic
process completed well before birth. It may be said with confidence that
the dermatoglyphic phenotype precedes the development of AD in every case.
The eventual value of dermatoglyphic studies in AD will lie in the screening
and identification of individuals at increased risk of developing AD, and
ultimately, in the prevention of Alzheimer's disease and related disorders.
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INTRODUCTION

There has been an increasing interest in the varieties of dementia
and particularly their differentiation from pseudodementia (Terry and
Katzman, 1983; Bulbena and Berrios, 1985). This should not be surprising
since dementia and depression are the most prevalent mental disorders of
the elderly whose proportion of the population in every developing country
is growing rapidly (Butler and Lewis, 1982; OTA, 1985).

At age 65, one is a survivor, with an average life span ahead of
almost 15 years for men and 19 for women (Eisdorfer et al., 1981; Butler
and Lewis, 1982). Although the majority of older persons can expect to
have good mental health, epidemiological studies show that the incidence
of psychopathology is an increasing risk with advancing age (Rowe, 1984)
affecting up to 30 percent of the elderly population (Wasylenki, 1980).

Despite increased awareness amongst physicians, it has been estimated
that from 11-57% of those initially diagnosed as suffering from dementia
are shown to be affected by some other disorder, usually depression
(Garcia et al., 1981). Cognitive changes observed during normal aging
and cognitive impairment caused by potentially treatable disorders are
often misdiagnosed as a progressive, deteriorating, and irreversible de-
mentia (NIA, 1980). The diagnosis of dementia of the Alzheimer type thus
can be made excessively, while other possibly reversible or at least
potentially treatable conditions can be missed (Cummings, 1986).

DEMOGRAPHICS

The percentage of those over 65 in the United States has almost
tripled since the beginning of this century. The average life expectancy
was 47 years in 1980 and only 4% of the population was 65 and older (OTA,
1985). By 1983 the average life expectancy at birth had increased by
more than 50% and had reached 74 years with almost 12% of the population,
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an estimated 27 million people, over the age of 65 years.

Within the next fifty years about 50 million or 1 in 5 Americans
could be over 65 (Wells, 1981; OTA, 1985). The proportion of the elderly
population over 85 years of age which has doubled in the last 75 years
could double again in the next 50 to 75 years (Brody, 1982; OTA, 1985).
So far, such projections of the number of older persons have turned out
to be underestimations (Butler and Lewis, 1982; OTA, 1985).

DEMENTIA

The significant extension of the average human life has resulted in
a rising prevalence of chronic diseases. Dementing illnesses, such as
dementia of the Alzheimer type have become major health problems. Although
originally the term "dementia” referred to a syndrome associated with a
progressive inevitable decline, this concept has undergone considerable
change. Today it is seen as a syndrome consisting of a constellation of
symptoms characterized by an acquired loss of intellectual abilities of
sufficient severity to interfere with social and occupational functioning
(APA, 1980). Global impairment of intellect without a disturbance in
consciousness is the central and essential feature, manifest as difficulty
with memory, attention, thinking and comprehension. It is almost always
of long duration, usually progressive, and often irreversible when the
result of a neurodegenerative disorder such as dementia of the Alzheimer
type, but these latter features are not included as part of the definition.
Considerations of prognosis and etiology are excluded from the current
definition since a variety of disorders are subsumed (Lishman, 1978).

Potentially reversible somatic and psychiatric conditions can cause
cognitive dysfunction in a significant number of patients presenting with
dementia. A wide variety of disorders are potentially treatable including
metabolic disturbances, intoxications, tumors, deficiency disorders,
normotensive hydrocephalus, sensory deprivation, vascular disorders and
the consequence of trauma. There may be as many as 50 different causes
of dementia, and perhaps 10%-33% of all dementias are secondary to
treatable causes (Hasse, 1977; Katzman, 1981; Cummings and Benson,
1983; McAllister, 1983). It has been estimated that as many as two
thirds of patients in whom a reversible cause of dementia is found could
show partial or full cognitive recovery (Rabins, 1983). Once the
syndrome has been identified, it should challenge clinicians to search
for ultimate causes (NIA, 1980).

SENILE DEMENTIA OF THE ALZHEIMER TYPE

The most prevalent type of dementia is dementia of the Alzheimer
type (DAT) (Schneck et al., 1982).

DAT is the major cause of irreversible dementia, affecting between
1.2 million and 4 million Americans (OTA, 1985). As the disorder pro-
gresses, all the patient's functioning declines. Eventually contact is
lost with the outside world, and often he enters a nursing home or other
long term care. Thirty to fifty percent of nursing home residents suffer
from DAT and it is the most frequent cause of admission to facilities for
long term care. Although patients do not die directly of this disorder,
its appearance reduces life expectancy by 507%. DAT has been estimated to
be the fourth most common cause of death of the elderly (Kerzner, 1974).

The risk for DAT increases with age and the progressive cognitive
dysfunction develops usually over a period of years. The nature of the
cognitive and behavioral symptoms depends upon the stage of the disease.
Reisberg has described 7 clinically identifiable and ratable stages in
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the evolution of dementia (Reisberg et al., 1982). According to his
findings, if the initial diagnosis is correct, then progression through
each of these stages in a typical order is inevitable.

GENETICS OF DEMENTIA

There is evidence for a significant genetic component in the etiology
of Alzheimer's disease. Evidence has come from individual pedigrees,
family studies, and twin studies (Matsuyama, 1983). Morbidity risks in
first degree relatives of probands ranges from 3 to 15 percent and for
parents from 2 to 20 percent for siblings (Matsuyama, 1983; Terry and
Katzman, 1983; Kerzner, 1984).

EPIDEMIOLOGY OF DEMENTIA IN THE ELDERLY

Of the 27 million Americans more than 65 years of age, about 5% are
afflicted by severe dementia to the extent that they are unable to care
for themselves (Mortimer, 1983). Up to 20% of those over 65 could be
suffering from mild to moderate degrees of dementia (Gurland et al.,
1980). Dementia may reach epidemic proportions in the near future; its
prevalence tripling within the lifetime of our grandchildren (Katzman,
1981).

COGNITIVE IMPAIRMENT IN THE ELDERLY

The cognitive changes associated with normal aging also resemble
some aspects of the memory impairments seen in progressive idiopathic
dementia (Weingartner et al. 1981). Forgetfulness is by far the most
common and an almost universal complaint of humans as they grow older
(Benson, 1984). Aging results in reduced memory function, but impairments
are neither uniform nor extensive (Botwinick, 1977; Craik, 1977;
Cummings and Benson, 1983). Normal elderly have little difficulty with
"immediate"” or "remote" recall, but often do worse than younger adults
on tests of "recent” memory (LaRue, 1982). Normal elderly perform as
well as young adults on tests of vocabulary and tests of general inform-
ation and digit span gives stable results with increasing age (or else
are only slightly diminished by aging) (Eisdorfer et al., 1981; LaRue,
1982).

Kral introduced the terms benign and malignant senescent forgetful-
ness to denote two types of memory impairment that he observed among
groups of elderly subjects in mental hospitals and retirement homes (Kral,
1978). The malignant form of forgetfulness probably corresponds to what
is currently called primary degenerative dementia and the benign form to
normal aging changes. Kral's data fail to demonstrate that benign
forgetfulness is not simply a milder form of malignant amnestic syndrome
(LaRue, 1982). No measures currently exist to distinguish persons with
benign senescent forgetfulness who subsequently develop dementia from
those who do not. Mild and apparently benign disturbances in a sample of
elderly community residents were found to be associated with the develop-
ment of symptoms of dementia after a period of 4 years (Botwinick, 1977).
LaRue and Jarvik (1980) found that deficits in performance on intelligence
tests were predictive of the development of dementia some 20 years later.

DEPRESSION IN THE ELDERLY

Depressive episodes and grief reactions increase in frequency and
depth in the advanced years of life (Busse, 1983). Two out of three
elderly patients coming to psychiatric attention in different clinical
settings suffer from a depressive illness (Straker, 1984). It is therefore

31



Table 1. Medical Conditions Associated with Symptoms of
Depression (Blumenthal, 1980; Finlayson, 1982;
Ban, 1984; Lazarus, 1985).

Collagen Diseases CNS Disorders
Endocrinopathies Metabolic disorders
Major Organ Failure Malignancies
Nutritional Disorders Viral Infections
Intoxications

not surprising that depressive disorders are the most frequent psychiatric
disturbances in the elderly (Finlayson, 1982; Busse, 1983; Georgotas,
1983). However, affective disorders are not only the most commonly
encountered psychiatric illness, but those most often untreated (Eisdorfer
et al., 1981).

The depressions of old age are extremely variable in their presenta-
tion, and can often be missed or misdiagnosed (Busse, 1983). Symptoms of
depression may be associated with physical illness and medications (Table
1 and 2).

Often the symptoms of depression are difficult to differentiate from
normal aging (Wasylenki, 1980; Kramer, 1982). Much of what is called

depression in the elderly may actually represent decreased life satisfaction

and periodic episodes of grief secondary to physical, social and economic
difficulties encountered by aging individuals in the community (Good,
1981). Loss of support systems, mobility, income, sensory inputs, and
self-worth along with the general decrease in adaptiveness may predispose
and contribute to the development of depression in the elderly (Butler
and Lewis, 1982).

Some researchers have stated that the elderly depressed patient
often voices complaints typical of depressives of all ages (Hirshfield,
1979). Signs and symptoms of depression in the geriatric age group would
then be similar to those of younger individuals and diagnosis could

Table 2. Medications Associated with Symptoms of Depression
(Blumenthal, 1980; Finlayson, 1982; Gerner, 1985).

Analgesics Antianxiety Agents
Antiarthritic agents Antibiotics
Anticancer agents Anticonvulsants
Antihypertensives Antiparkinsonian drugs
Antipsychotics Appetite suppressants
Cardiovascular drugs CNS depressants

Miscellaneous:
alcohol, choline, oral contraceptives, ethambuto,
corticosteroids, disulfiram, physostigmine, methyl
mercury, organic pesticides, Cimetidine
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reliably be made using the DSM III criteria (Spar and LaRue, 1983).
However, others feel that diagnosis is more difficult in the elderly as
some symptoms are seen more often and others less frequently than in
younger age groups (Blumenthal, 1980; Janowsky, 1982; Finlayson and
Martin, 1982; Georgotas, 1983; Charatan, 1985). More specific diagnostic
criteria are needed in a population in which depressive illness can be
present with features different from typical symptomatology (Georgotas,
1983). The elderly are more likely to mask their depression than
individuals at earlier stages in the life cycle (Blazer and Williams,
1980). Mood disturbances are often denied and the elderly patient appears
anxious and irritable, rather than sad. Crying is not as common as in
younger age groups. The depressed elderly often have the appearance of
self-neglect. Disturbances of appetite resulting in significant weight
loss and insomnia are particularly common. Somatic complaints predominate,
usually focusing on the chest and abdomen. Psychotic features, including
somatic delusions and paranoid ideation, are more common than in younger
patients.

Cases of depression in which there is a predominance of somatic or
cognitive complaints may be overlooked, especially if depression is mild.
On the other hand, scales that place a great deal of weight on physical
symptoms, as in the Zung or Hamilton scales may improperly identify
persons suffering from physical illness as suffering from depression
(Blazer and Williams, 1980).

In recent years it has been emphasized repeatedly that depression
may present in the elderly as a predominately intellectual impairment
which can be easily misdiagnosed as dementia (Wells, 1979). In elderly
patients, cognitive impairment is frequently associated with pure depres-
sive illness and the cognitive deficit may be extremely severe (McAllister
and Price, 1982). The cognitive impairment is of a diffuse, global nature,
although deficits in memory and verbal learning may predominate. However,
there is no pattern of deficits specific to depressive illnesses as
compared with dementia (McAllister, 1983). The cognitive deficits tend
to be reversible with the resolution of the depressive illness (McAllister,
1981).

EPIDEMIOLOGY OF DEPRESSION

Because of variation in diagnostic criteria, differences in diagnostic
terminology, and other variables, studies of depression in this age group
are often difficult to interpret and evaluate (Wasylenki, 1980; Busse,
1983). The use of standardized criteria (such as DSM-III) in studies in
the elderly improves reliability and comparability of results; but
results in decreased sensitivity. Cases of masked depression might be
overlooked, especially if a subject does not describe a dysphoric affect
but exhibits mainly by physiologic symptoms (Blazer and Williams, 1980).

Depressive disorders most easily diagnosed by psychiatrists present
between the ages of 25 and 65 (Kramer, 1980). However, 50% of depressed
geriatric patients experience their first depressive episode after age 60
(Ban, 1978). Studies have shown that clinical symptoms of depression may
increase past the age of 65 (Eisdorfer et al., 1981). The risk of
depression increases with age, with women at higher risk than men, until
after the age of 65, when the risks become equal or even reverse (Wasylenki,
1980). Life-time risks of depression have been estimated to be 8.5% for
men and 17.7% for women up to age 80. The prevalence of depression
declines sharply in persons (without physical illness) over 80 (Ban,
1984). Estimates of the incidence and prevalence of depression among the
aged of the US vary greatly. Reported prevalence rates in the elderly
range from 10% ot 65%, depending on the population surveyed and criteria
used (Blazer and Williams, 1980; Gerner, 1985). However, when stricter
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criteria are used (DSM III), prevalence rates decrease significantly for
major affective disorders to about 1-3% (Finlayson and Martin, 1982).
Prevalence rates from other countries with different social-cultural
structures, such as Japan, are as low as 0.9% (Hasegawa, 1985).

Table 3. Differentiating Dementia from Pseudodementia?

Dementia

Pseudodementia

Clinical Course and History

Family often unaware of dysfunction
and its severity

Insidious onset

Onset can be dated only within broad
limits

Slow progression of symptoms
throughout course

History of previous psychiatric
dysfunction uncommon

Behavior

Patient minimizes cognitive loss

Patients' complaints of cognitive
dysfunction usually vague

Patients conceal disability

Patients delight in accomplishments,
however trivial

Patients struggle to perform tasks
Patients rely on notes, calendars,
etc. to keep up

Patient often appear unconcerned

Affect usually labile and shallow

Social skills often retained

Behavioral disability equals
cognitive loss

Noctural accentuation of dysfunction
common

34

Family usually aware of dys-
function and its severity

Acute onset

Onset can be dated with some
precision

Rapid progression of symptoms
after onset

History of previous psychiatric
dysfunction common

Patient exaggerates cognitive
loss

Patients' complaints of cognitive

dysfunction usually detailed
Patients emphasize disability
Patients highlight failures
Patients make little effort to

perform even simple tasks
Patients don't try to keep up
Patients usually communicate

strong sense of distress
Affect change often pervasive

Loss of social skills often
early and prominent

Behavior better than cognitive
loss would predict

Noctural accentuation of dys-
function uncommon



Table 3. Differentiating Dementia from Pseudodementia® (cont'd)

Dementia Pseudodementia

Clinical Features Related to Memory, Cognition and Intellect

"Near miss"” answers frequent "Don't know" answers typical
Memory loss for recent events usually Memory loss for recent and
more severe than for remote events remote events usually

equally severe

Consistently poor performance on tasks Marked variability in perform-
of similar difficulty ance on tasks of similar
difficulty

8 Modified from Wells, C. E., 1979, Pseudodementia, Am. J. Psychiatry,
136:895.

Among the institutionalized aged or those with significant medical
illnesses, depressive episodes are considerably more frequent (Eisdorfer
et al., 1981). Manifestations of depression are present in more than 50%
of patients age 60 to 70 hospitalized for mental disorder (Ban, 1984).
There is a close connection between physical illness and depression in
the geriatric population: 30-50% of the elderly who have physical
diseases also have affective disorders (Wasylenki, 1980; Gershon and
Herman, 1982).

SUICIDE AND THE ELDERLY

The high rate of suicide of the aged reflects the existence of
significant depression in this group (Ban, 1984). Although people over
65 constitute only about 10-11% of the population, they account for 25%
of all suicides (Blumenthal, 1980). The suicide rate for white males
increases progressively from age 15 and peaks in the ninth decade; while
for women, the peak suicide rate occurs between 40 to 60 years of age,
followed by a gradual decline. In the USA elderly, divorced, white males
in the seventh decade are 4 times as likely to commit suicide as the rest
of the population (Finlayson and Martin, 1982).

PSEUDODEMENTIA

The syndrome of pseudodementia has been the subject of increasing
attention and interest due to the diagnostic challenges it presents
(McAllister, 1983). The term “"pseudodementia” has an inprecise nosological
meaning (Arie, 1983), some authors claiming that it does not exist and
that the concept should be abandoned (Shraberg, 1978; Reifler, 1982;
Mahandra, 1984). The initial experience of 'pseudodementia' came from
the recognition that certain patients diagnosed as demented were observed
to be suffering from depression. Many features of their clinical course
differed from those of the majority of demented patients suffering from
progressive and terminal illnesses (Mahandra, 1985).

Although the relationship between depression and dementia has been
noted since antiquity it still eludes precise understanding (Mahandra,
1985). By 1883 there was already awareness of the fact that severe
affective disorder could lead to cognitive impairment (Berrios, 1985).
Reports of reversible dementia had been explained by postulating the
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Table 4. Disorders Associated with Dementia (Lishman, 1978;
Wells, 1979; Kiloh, 1961; Marsden and Harrison, 1972;
Nott and Fleminger, 1975; Smith and Kiloh, 1981;
Mahandra, 1985)

Ganser syndrome Malingering
Compensation neurosis Post-traumatic disorder
Sensory deprivation Depression

Mania Obsessive disorders
Anxiety states Paraphrenia

Shoplifting Bizarre hypochondriasis
Chronic pain Thyrotoxicosis

Drug toxicity
Conversion and dissociative reactions
Schizophrenia and schizophreniform conditions

existence of "vesanic” dementia, that is dementia caused by functional
psychosis. Mairet used the term "melancholic dementia” to point out the
association between severe depression, cognitive impairment and the
potential for recovery.

Madden et al. (1952) were the first to use the term 'pseudodementia.’
Their study of 300 patients reported that symptoms "ordinarily considered
to indicate dementia (disorientation, defects of recent memory, retention,
calculation and judgement)" could be reversed with appropriate psychiatric
interventions. Such pseudodementia was not uncommon with psychoses
associated with cerebrovascular disease, presenile depressions and
involutional psychoses.

Ten years later, Kiloh (1961) published a comprehensive review of
pseudodementia. He reported 10 cases in which initially "the picture of
dementia may be very closely mimicked"” but the subsequent courses of the
illness is such as to be incompatible with the diagnosis of dementia.
His use of the term was purely descriptive.

Post (1962) felt that even experienced clinicians could not always
discern whether they were dealing with an emotional disorder or cerebral
dysfunction when the onset was acute. He emphasized that functional
psychoses rarely have an abrupt onset and usually have prodromal affective
symptoms. Of diagnostic importance in his formulation was the order of
the appearance of symptoms, as well as the presence of a past history of
psychiatric illness in differentiating depression from dementia.

Wells (1979) described 10 cases in which cognitive impairment was
judged to be due to functional psychiatric illness. She defined the syn-
drome as one in which "dementia is mimicked or rather caricatured by
functional psychiatric illness.” The syndrome could be associated with a
variety of primary psychiatric illnesses, including personality disorders
and posttraumatic neuroses, and in his study population its association
with primary affective disorders was not as high as in other reports.
Whereas previous papers did not focus on clinical features which could be
used to differentiate pseudodementia from "true" dementia, he outlined
clinical features that taken together could help distinguish pseudodementia
from dementia (Table 3).

Caine (1981) attempted to define pseudodementia as a neuropsychiatric
syndrome and established preliminary diagnostic criteria (Table 4). He
suggested that the pattern of intellectual impairment seen is a "subcortical”
one (Cummings and Benson, 1983), sparing higher cortical functions. 1In
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Table 5. Criteria to define and diagnose pseudodementia
(Caine, 1981)

Intellectual impairment in a patient with a primary
psychiatric disorder

The features of the syndrome resemble those induced by
degenerative CNS disorders

The intellectual compromise is reversible

The patient has no primary identifiable neurologic disease
that can account for the cognitive changes

his study 6 of 11 patients had major depressive disorders, 2 others had
other disorders with major depressive features.

All authors point out that the term 'pseudodementia' refers to a
variety of conditions where the presenting clinical picture resembles
organic dementia but which is due to functional psychiatric illness. It
does not relate specifically to one psychiatric disorder (Table 5)
although it does occur more commonly in older depressed patients
(McAllister, 1983). Pseudodementia is not a homogeneous syndrome, the
underlying psychiatric disorder influences the clinical presentation and
therapy (McAllister, 1983). The patients' clinical picture of profound,
progressive cognitive impairment may be indistinguishable from that seen
in progressive, irreversible degenerative disorders (McAllister and
Price, 1982).

The literature on pseudodementia is confusing, in part, since some
studies refer only to persons suffering from affective disorders, while
others include all functional psychiatric disorders which give rise to a
clinical picture of dementia. Moreover there has been no consensus as to
its definition, so that estimates of the incidence and prevalence of
pseudodementia will vary. Since the majority of authors refer to
pseudodementia associated with affective disorders, further discussion
will focus on this disorder.

An important issue in the concept of "pseudodementia™ is that some
authors treat this disorder as a misdiagnosis of dementia, while others
see it as a potentially treatable dementia. This further confuses the
interpretation of epidemiologic studies.

EPIDEMIOLOGY OF PSEUDODEMENTIA

Pseudodementia can occur at any age (Cavenar, 1979; McAllister,
1983). While anecdotal and single case reports suggest that it is the
elderly who present most with 'pseudodementia,' the evidence from several
reported series suggests a wider range (Mahandra, 1985). Depressive
'pseudodementia’ also occurs in middle age with an average age of 50 in
one of series patients (McAllister, 1983). 1Its occurrence is not necessarily,
or preferentially limited to the senium (Mahandra, 1985). Still it is
believed to be present in 10 to 57 percent of the geriatric population
initially diagnosed as demented (Table 6). 8-15% of those initially
diagnosed as demented are later judged to be suffering from depressive
illness (Marsden and Harrison, 1972; Nott and Fleminger, 1975; Ron et
al., 1979; Gershon and Herman, 1982).

Wells (1979) reported an age range between 33 and 69, and 7 of his
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Table 6. Frequency of Misdiagnosis of Dementia
(i.e., prevalence of pseudodementia)

Study Number of Cases % Misdiagnosed
Madden et al. (1952) 300 10%
Marsden and Harrison (1972) 106 15%
Kendal (1974) 98 8.2%
Nott and Fleminger (1975) 35 57%
Freemon (1976) 60 30%
Bergman (1977) 66 20%
Ron et al. (1979) 51 31%
Smith and Kiloh (1981) 200 10%

10 patients were in their fifties or sixties. Smith and Kiloh (1981)
showed in their series of 200 demented patients that 'pseudodementia'
accounted for 10% of all dementias under 45 and for 13.67% of dementias
between the ages of 45 and 64 years, but only for 1.8% of dementias over
65 years. McAllister's (1983) pooled data yielded a mean of 60.5 years,
with a range between 22 and 85 years.

PROBLEMS IN DIFFERENTIATING BETWEEN DEMENTIA AND DEPRESSION

The diagnosis of a depressive pseudodementia is especially difficult
in the older patient because of the complexity of psychological, somatic
and social factors (Straker, 1984). When depression is not a complaint
and physical signs and symptoms dominate the clinical picture, the
likelihood of making diagnostic blunders is enhanced (Good, 1981).
Confusion regarding the clinical diagnosis is due not only to the enormous
overlap in the performance deficits noted between elderly depressive and
demented populations but also the many variations in the clinical picture
of depression which occur in old age (Straker, 1984). 1In elderly patients,
the cognitive impairment associated with a purely depressive illness may
be extremely severe, and can be the presenting complaint of an unrecognized
depressive illness (McAllister and Price, 1982). Moreover older patients
show a marked tendency for the depressed affect to be replaced by "somatic
equivalents” and physical complaints (NIA, 1980). It may be impossible
to differentiate the two even in conjunction with sophisticated
neurodiagnostic testing (McAllister, 1982).

Both Wells (1979) and Rabins et al. (1984) attempted to delineate
those findings which would differentiate patients suffering from dementia
related to depression from "true"” dementia. Rabins et al. (1984) concluded
that a past history of depression, self reports of depressed mood, self
blaming, nihilistic and somatic delusions, appetite disturbance, and
subacute onset served to differentiate the "depressed-demented” patients
from the ones with progressive dementia.

There has not been general agreement as to the utility of ancillary

tests in distinguishing pseudodementia from "true'" dementia (i.e.,
depression from neuropathological degenerative disorders). While both
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Kiloh (1961) and Wells (1979) felt that ancillary diagnostic tools were
not helpful others found them to be of assistance. Procedures reported
as potentially useful included psychometric testing (Ron et al., 1979;
Rabins, 1983), diagnostic inventories (Cummings and Benson, 1986), elec-
troencephalogram (Ron et al., 1979), dexamethasone suppression testing
(Grunhaus et al., 1983), sleep studies (Reynolds et al., 1985), brain
blood flow and oxidative metabolism measurements (Hoyer et al., 1984),
and the use of sodium amylobarbitone (Ward et al., 1978).

In many clinical situations, the problem is not to decide between an
organic dementia or a depressive disorder, but to sort out the complex
admixtures of both of these variables (Straker, 1984). Feinberg and
Goodman (1984) described four typical patterns of patients with combina-
tions of depression and dementia. The most characteristic case has de-
pression presenting as dementia. On the other hand, in “"the depression
syndrome of dementia" as described by Folstein et al. (1975), the dementia
is secondary to a recognized depressive disorder.

Some patients present with both affective disorder and dementing
process which converge in equal measure toward the final clinical pathway
(Straker, 1984). A major affective disorder or an organic affective
disorder can develop in a patient whose brain function is also compromised
by pre-existing neuropathologically-determined dementias, by certain
medications, or by metabolic derangement. When a 'functional' psychiatric
illness is superimposed on an 'organic' disorder, neurological deficits
can be enhanced (Mahandra, 1985) and only treatment of depression may
reveal the underlying organic dementia (Shraberg, 1978; Devanand and
Nelson, 1985). A considerable number of Alzheimer cases develop one or
more longer-lasting episodes with typical symptomatology of an endogenous
depression (Kral, 1983) or may present with depression (Mahandra, 1985).
Depression was noted in 15% of patients in one series in which Alzheimer's
disease was clinically diagnosed (Kral, 1983). Moreover, depression and
dementia are not uncommon features of Parkinson's disease and Huntington's
chorea (Mahandra, 1985).

Finally dementia may present as depression. Gustafson (1975) reported
that 30% and Liston (1977) that 25% of patients ultimately having dementia
had depression as the reason for referral. Kral (1983) reported on 22
patients (16 women, 8 men; age range 62-78 with a mean of 76.5 years)
diagnosed as suffering from pseudodementia. The patients were followed
up from 4-18 years (average of 8). At the end of the period, 20 had
developed senile dementia of the Alzheimer type (pathologically proven in
3).

The severe cognitive impairment seen in pseudodementia associated
with depression occurs in a disorder that has been shown to have numerous
indications or markers of associated diffuse CNS dysfunction.

There may be an unmasking by the depression of certain structural brain
pathologies (Rabins et al., 1984). This suggests that depressive illness
can induce a "true" organic mental disorder (McAllister, 1983).

PROGNOSIS

Cognitive deficits may resolve completely after an associated
psychopathology is diagnosed and treated. However, the dementia does not
always recede when the depressive component in a depressive 'pseudodementia'
is removed by treatment (McAllister and Price, 1982; Rabins et al.,

1984)0 <

In general coexisting cognitive impairment and depression are not
predictive of a more severe illness, high relapse rate or unmasking of a
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dementing illness (McAllister, 1983; Rabins et al., 1984).

TREATMENT OF PSEUDODEMENTIA ASSOCIATED WITH DEPRESSION

The presence of substantial cognitive impairment does not appear to
hold any specific implications for somatic treatment approaches (McAllister,
1983). Treatment is one of the underlying disorder, which is usually
depression.

Antidepressant medication is most effective for moderate to severe
depressions (Lazarus et al., 1985). If grief or mourning are suspected,
a trial of psychotherapy is indicated. Even if the diagnosis is major
depression, the combination of psychotherapy and antidepressant medication
is superior than either alone (Weisman, 1970).

The decision as to which medication is used will depend on previous
experience by the patient or a family member with a particular medication,
the clinical picture (whether there is agitation or psychomotor retardation,
the sensitivity to particular side effects, and the concomitant
use of other drugs) (Stern et al., 1980). As in the younger age
groups, tricycles, MAO inhibitors, lithium and ECT have all been
found to be effective in particular cases (Ban, 1984; Charatan, 1985;
Gerner, 1985).

CLINICAL VIGNETTE

The following clinical case adapted from McAllister and Price (1983)
shows both the difficulty with the diagnosis and the potential for response
to treatment.

Ms. A., a 61 year old housewife, was referred for evaluation of
agitation, social withdrawal, and pronounced memory deficits of several
months' duration. Her past history was notable for a hospital admission
20 years prior to the present assessment. At the time she was diagnosed
as suffering from schizophrenia, but after discharge had functioned
normally for 20 years.

On admission she appeared disheveled. General and neurologic
examination were within normal limits except for buccal-lingual dyskinesia
and some pelvic thrusting. During the mental status examination she was
unable to give history of her current illness, was oriented only to
person, knew none of the presidents, was unable to perform simple
calculations, and had a marked imprinting deficit. She had a full range
of affect, and she did not appear nor did she complain of being depressed.
There was no evidence of a thought disorder.

Results of extensive ancillary testing were all normal. EEG showed
bilateral slowing with no focal or lateralizing features. Formal
neuropsychological testing could not be carried out because of the
patient's profound cognitive impairment.

Because of her past history of psychiatric illness and the acuteness
of onset and short duration of her symptoms, she was given electroconvulsive
therapy (ECT) for possible depressive pseudodementia. After nine treatments
she was discharged to her home.

She was given formal neuropsychological testing, following her second

ECT treatment. On repeated testing two and a half months later she showed
a striking improvement on both the WAIS and the Halstead-Reitan battery.
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CONCLUSION

Diagnostic clarity decreases in the elderly. O0ld age is associated
with expected physiological changes and an increase in the appearance of
multiple chronic health conditions, all of which may impair cognitive
functioning. Depression, a potentially treatable disorder, is dispro-
portionately prevalent in the elderly as exemplified by the high rate
of suicide in this age group. Its clinical presentation often resembles
that of another disorder causing cognitive impairment and particularly
prevalent in the elderly, dementia. These two disorders are not mutually
exclusive and may appear together, the symptoms of either predominating.

The need to distinguish between the usually progressive and irre-
versible dementia and the potentially treatable depression has given rise
to the term pseudodementia. Pseudodementia is not a diagnostic category
on its own, but rather an operational concept in the differential diagnosis
of dementia. It underscores that accurate diagnosis may result in more
effective treatment. While a diagnosis of dementia usually commits the
patient and family to a life with dismal prospects and the need for costly
long term care, the successful treatment of depression may enable to
elderly to live more dignified and independent lives.

REFERENCES

A P A, 1980, "Diagnostic and Statistical Manual of Mental Disorders (Third
Edition)," A P A, Washington, DC.

Arie, T., 1983, Pseudodementia, Br. Med. J., 286:1301.

Ban, T. A., 1984, Chronic disease and depression in the geriatric
population, J. Clin. Psychiatry, 45:18.

Ban, T. A., 1978, The treatment of depressed patients, Am. J. Psychother.,
32:93.

Benson, D. F., 1984, Neuropathology of memory disorders, Psychosomatics,
25:12.

Berrios, G. E., 1985, "Depressive pseudodementia"” or "Melancholic dementia":
a 19th centry view, J. Neurol. Neurosurg. Psychiatry, 48:393.

Blazer, D., and Williams, C., 1980, Epidemiology of dysphoria and depres-
sion in an elderly population, Am. J. Psychiatry, 137:439.

Blum, F., 1979, Dementia: An approaching epidemic, Nature, 279:373.

Blumenthal, M. D., 1980, Depressive illness: getting behind the mask,
Geriatrics, 35:34.

Botwinick, J., 1977, Intellectual abilities, in, "Handbook of the Psychol-
ogy of Aging," Birrin, J. E., and Schaie, K. W., ed., Van Nostrand
Reinhold, New York.

Brody, J. A., 1982, An epidemiologist views senile dementia: facts and
fragments, Am. J. Epidemiol., 115:155.

Bulbena, A., and Berrios, G. E., 1985, Pseudodementia: facts and figures,
Br. J. Psychiatry, 148:87.

Busse, E., and Simpson, D., 1983, Depression and antidepressants in the
elderly, J. Clin. Psychiatry, 44:35.

Butler, R. N., and Lewis, M. I., 1982, "Aging and Mental Health: Positive
Psychosocial and Biomedical Approaches,” C.V. Mosby Company, Toronto.

Caine, E. D., 1981, Pseudodementia, Arch. Gen. Psychiatry, 38:1359.

Carroll, B. J., 1985, Dexamethasone suppression test: a review of
contemporary confusion, J. Clin. Psychiatry, 46:13.

Cavenar, J. 0. J., Maltbie, A. A., and Austin, L., 1979, Depression
simulating organic brain disease, Am. J. Psychiatry, 136:521.

Charatan, F. B., 1985, Depression and the elderly: Diagnosis and treatment,
Psychiatr. Annals, 15:313.

Craik, F. I., 1977, Age differences in human memory, in: "Handbook of the
Psychology of Aging,"” Birren, J. E., and Schaie, K. W., ed., Van
Nostrand Reinhold, New York.

41



Cummings, J. L., 1986, Dementia of the Alzheimer Type: An inventory of
diagnostic clinical., J. Am. Geriatr. Soc., 34:12.

Cummings, J. L., and Benson, F. D., 1983, Dementia: Clinical appraoch,
Butterworths, Boston.

Devanand, D. P., and Nelson, J. C., 1985, Concurrent depression and
dementia: Implications for diagnosis and treatment. J. Clin.
Psychiatry, 46:389-396.

Eisdorfer, C., Cohen, D., and Veith, R., 1981, "The Psychopathology of
Aging,"” Upjohn Company.

Feinberg, T., and Goodman, B., 1984, "Affective illness, dementia, and

* pseudodementia,"”

Finlayson, R. E., and Martin, L. M.. 1982, Recognition and management of
depression in the elderly, Mayo Clin. Proc., 57:115.

Folstein, M. F., Folstein, S. E., and McHugh, P. R., 1975, "Minimental
state”: A practical method for grading the cognitive state, J.
Psychiatr. Res., 12:189.

Freemon, F., 1976, Evaluation of patients with progressive intellectual
deterioration, Arch. Neurol., 33:658.

Garcia, C. A., Reding, M. J., and Blass, J. P., 1981, Overdiagnosis of
dementia, J. Am. Geriatr. Soc., 29:407.

Georgotas, A., 1983, Affective disorders in the elderly: diagnostic and
research considerations, Age Ageing, 12:1.

Gerner, R. H., 1985, Present status of drug therapy of depression in late
life, J. Affective Dis., Suppl 1:S23.

Gershon, S., and Herman, S. P., 1982, The differential diagnosis of
dementia, J. Am Geriatr. Soc., 30 (suppl):S58.

Good, M. I., 1981, Pseudodementia and physical findings masking significant
psychopathology, Am. J. Psychiatry, 138:

Grunhaus, L., Dilsaver, S., Greden, J. F., and Carroll, B. J., 1983,
Biol. Psychiatry, 18:215.

Gurland, B., Dean, L., Cross, P., and Golden, R., 1980, The epidemiology
of depression and dementia in the elderly: the use of multiple
indicators of these conditions, in: "Psychopathology of the Aged,"
Cole, J. O., and Barrett, J. E., eds., Raven Press, New York.

Gustafson, L., 1975, Psychiatric symptoms in dementia with onset in the
presenile period, Acta Psychiatr. Scand., 247 (suppl):7.

Hasse, G. R., 1977, Diseases presenting as dementia, in: "The Dementias,”
Wells, C.E., ed.

Hasegawa, K., 1985, The epidemiological study of depression in late life,
J. Affect. Dis., Suppl 1:S3.

Hirshfield, N., and Klerman, G. L., 1979, Treatment of depression in the
elderly, Geriatrics, 34:

Hoyer, S., Oesterreich, K., and Wagner, 0., 1984, Depression in old age
and its relation to primary dementia: variations in brain blood
flow and oxidative metabolism, Monogr. Neural Sci., 11:187.

Janowsky, D. S., 1982, Pseudodementia in the elderly: differential
diagnosis and treatment, J. Clin. Psychiatry, 43:19.

Katzman, R., 1981, Early detection of senile dementia, Hosp. Pract.,
16:61.

Kendell, R., 1974, The stability of psychiatric diagnosis, Br. J.
Psychiatry, 124:352.

Kerzner, L. J., 1984, Diagnosis and treatment of Alzhiemer's disease,
Advancs in Intern. Med. 447.

Kiloh, L. G., 1961, Pseudo-dementia, Acta Psychiatr. Scand., 37:336.

Kral, V. A., 1978, Benign senescent forgetfulness, in, "Alzheimer's
Disease: Senile Dementia and Related Disorders” Katzman, R., Terry,
R. D., and Bick, K., ed., Raven Press, New York.

Kral, V. A., 1983, The relationship between senile dementia (Alzheimer
type) and depression, Can. J. Psychiatry, 28:304.

Kramer, B. A., 1982, Depressive pseudodementia, Compr. Psychiatry, 23:538.

42



Kramer, M., 1980, The diagnosis of depression in the elderly, J. Am.
Geriatr. Soc., 28:52.

LaRue, A., 1982, Memory loss and aging. Distinguishing dementia from
benign senescent forgetfulness and depressive pseudodementia,
Psychiatr. Clin. North Am., 5;89.

LaRue, A., and Jarvik, L., 1980, Reflections on biological changes in the
psychological performance of the aged, Age, 3:29.

Lazarus, L. W., Davis, J. M., and Dysken, M. W., 1985, Geriatraic
depression: A guide to successful therapy, Geriatrics, 40:43.

Lishman, W. A., 1978, "Organic Psychiatry," Blackwell Scientific, Oxford.

Liston, E. J. J., 1977, Occult senile dementia, J. Nerv. Ment. Dis.,
164:263.

Madden, J. J., Luhan, J. A., and Kaplan, L. A., 1952, Nondementing
psychoses in older persons, JAMA, 150:1567.

Mahendra, B., 1984, Pseudodementia: abandon the term? [letter], Am. J.
Psychiatry, 141:471.

Mahendra, B., 1985, Depression and dementia: the multi-faceted relationship,
Psychol. Med. 15:227.

Marsden, C. D., and Harrison, M. J. G., 1972, Outcome of investigation of
patients with presenile dementia, Br. Med. J., 2:249.

Masters, C., Gajdusek, C., and Biggs, C. J. J., 1981, The familial
occurrence of Creutzfeldt-Jakob disease and Alzheimer disease, Brain,
104:535.

Matsuyama, S. S., 1983, Genetic factors in dementia of the Alzheimer
type, in: "Alzheimer Disease: The Standard Reference,"” Reisberg,

B., ed., The Free Press, New York.

McAllister, T. W., 1983, Overview: Pseudodementia, Am. J. Psychiatry,
140:528.

McAllister, T. W., 1981, Cognitive functioning in the affective disorders,
Compr. Psychiatry, 22:572.

McAllister, T. W., and Price, T. R., 1982, Severe depressive pseudodementia
with and without dementia. Am. J. Psychiatry, 139:626.

Mendels, J., 1981, Antidepressants, in: "Physicians Handbook on
Psychotherapeutic Drug Use in the Aged,” Crook, T., and Cohen, G.

D., ed., Mark Powley Associates Inc., New Canaan.

Mortimer, J. A., 1983, Alzheimer's disease and senile dementia: prevalence
and incidence, in: "Alzheimer Disease: The Standard Reference,”
Reisberg, B., ed., The Free Press, New York.

Mortimer, J. A., Schuman, L. M., and Frenech, L. R., Epidemiology of
dementing illness, in: "The Epidemiology of Dementia,” Mortimer,

J. A., and Schuman,_f} M., ed., Oxford University Press, New York.

N I A Task Force, 1980, Senility reconsidered: Treatment possibilities
for mental impairment in, JAMA, 244:259.

Nott, P. N., and Fleminger, J. J., 1975, Presenile dementia: the
difficulties of early diagnosis, Acta Psychiatr. Scand., 51:210.

OTA, 1985 "Technology and Aging in America,"” U. S. Government Printing
Office, Washington, D. C.

Post, F., 1962, "The Significance of Affective Symptoms in old Age,”

Oxford University Press.

Rabins, P. V., 1981, The prevalence of reversible dementia in a psychiatric
hospital, Hosp. Community Psychiatry, 32:490.

Rabins, P. V., 1983, Reversible dementia and the misdiagnosis of dementia: A
review, Hosp. Community Psychiatry, 34:830.

Rabins, P. V., Merchant, A., and Nestadt, G., 1984, Criteria for diagnosing
reversible dementia caused by depression, Br. J. Psychiatry, 144:488.

Reifler, B. V., 1982, Arguments for abandoning the term pseudodementia,

J. Am. Geriatr. Soc., 30:665.

Reisberg, B., 1985, Alzheimer's Disease Update, Psychiatr. Annals, 15:319.

Reisberg, B., 1983, An overview of current concepts of Alzheimer disease,
senile dementia, and age-associated cognitive decline, in: "Alzheimer

43



Disease: The Standard Reference,” Reisberg, B., ed., The Free Press,
New York.

Reisberg, B., Ferris, S., De Leon, M. J., and Crook, T., 1982, The global
deterioration scale for the assessment of primary degenerative
dementia, Am. J. Psychiatry, 139:1136.

Reynolds, C. F., Kupfer, D. J., Taska, L. S., Hoch, C. C., Spiker, D. G.,
Sewitch, D. E., Zimmer, B., Martin, R. S., Nelson, J. P., Martin,

D., and Morycz, R., 1985, EEG Sleep in elderly depressed, demented
and healthy subjects, Biol. Psychiatry, 20:431.

Ron, M.A., Toone, B., Garralda, M. E., Lishman, W. A., 1979, Diagnostic
accuracy in presenile dementia, Br. J. Psychiatry, 134:161.

Rowe, J. W., 1984, Physiologic changes of aging and their clinical impact,
Psychosomatics, 25:6.

Schneck, M.K., Reisberg, B., and Feris, S. H., 1982, An overview of
current concepts of Alzheimer's disease, Am. J. Psychiatry, 139:165.

Shraberg, D., 1978, The myth of pseudodementia: depression and the aging
brain, Am. J. Psychiatry, 135:601.

Smith, J. S., and Kiloh, L. G., 1981, The investigation of dementia:
results in 200 consecutive admissions, Lancet, 1:824.

Spar, J. E., and LaRue, A., 1983, Major depression in the elderly-DSM III
criteria and the dexamethasone suppression test as predictors of
treatment response. Am. J. Psychiatry, 140:844.

Stern, S. L., Rush, J. A., and Mendels, J., 1980, Toward a rational
pharmacotherapy of depression, Am. J. Psychiatry, 137:545.

Straker, M., 1984, Depressive pseudodementia, Psychiatric Annals, 14:93.

Terry, R. D., and Katzman, R. K., 1983, Senile dementia of the Alzheimer
type, Ann. Neurol., 14:497.

Ward, N. G., Rowlett, D. B., and Burke, P., 1978, Sodium amylobarbitone
in the differential diagnosis of confusion, Am. J. Psychiatry, 135:75.

Wasylenki, D., 1980, Depression in the elderly, Can. Med. Assoc. J.,
122:525.

Weingartner, H., Walter, K., Smallberg, S. A., Ebert, M. H., Gillin, J. C.,
Sitaram, N., 1981, Memory failures in progressive idiopathic dementia.
J. Ab. Psychol., 90:181.

Weissman, M. M., 1970, The psychological treatment of depression: evidence
for the efficacy of psychotherapy alone, in comparison with, and in
combination with pharmacotherapy. Arch. Gen. Psychiatry, 36:1261.

Wells, C. E., 1981, A deluge of dementia, Psychosomatics, 22:837.

Wells, C. E., 1979, Pseudodementia, Am. J. Psychiatry, 136:895.

44



THE EPIDEMIOLOGY OF THE CONCURRENCE OF DEPRESSION AND DEMENTIA

Barry Gurland and John Toner

Center for Geriatrics and Gerontology
Columbia University and
New York State Office of Mental Health

INTRODUCTION

Depression and dementia are starkly contrasting conditions in their
prognosis and response to treatment, and in their etiologies as presently
understood. Therefore, when symptoms of these two conditions occur
together, it raises questions about the clinical implications of the
hybrid syndrome, and the circumstances that could lead to concurrence of
the two conditions. This paper applies the epidemiological perspective
to review findings of relevance to such questions.

Definitions

Epidemiological methods rely heavily upon analysis of the relative
frequencies (or distributions) of diseases and their associations among
well described populations. The commonly used measures of frequency are
prevalence and incidence. Prevalence is the frequency of a condition
within a defined population observed over a given period of time or at a
single point in time. Incidence is the frequency of new cases arising in
a population during a given period of time, usually a year. Prevalence
data on the concurrence of depression and dementia have a more direct
bearing on the need for health services than do incidence data, but are
less precise than incidence data for understanding the reasons for con-
currence of the two conditions. Nevertheless, we will be referring
primarily to prevalence data since these are more generally available.

A syndrome resembling the symptoms of dementia has been reported to
occur among the elderly in cases diagnosed as primarily depressive disor-
der. The term pseudodementia was applied to this syndrome by Madden et
al. (1952) and widely adopted by others, for example, in reviews by Kiloh
(1961), Post (1975), Caine (1981), McAllister (1983), and Wells (1980).
Pseudodementia has also been used to refer to other syndromes (Bulbena
and Berrios, 1986), and conversely, the symptoms under discussion have
been given other labels (such as depressive dementia) or subsumed under
more inclusive categories, such as treatable or reversible dementia
(Rabins, 1985). Any of these terms begs the question of the nature of
this fluctuating intellectual impairment which is associated with some
cases of depressive disorder. Since pseudodementia is still the most
commonly understood term, we will adhere to this conventional usage for
the most part.
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THE FREQUENCY OF THE CONCURRENCE OF DEPRESSION AND DEMENTIA

The Symptoms of Dementia Among Diagnosed Depressions

Madden et al. (1952) noted a prevalence rate for a dementia-like
syndrome (disorientation and defects in recent memory, retention, cal-
culation and judgment) of 10% among 300 patients with functional mental
disorder starting after age 45 and admitted to the psychiatric unit of a
general hospital. Kay et al. (1955) noted equivocal signs of cerebral
disturbance such as mild memory defects or transient confusion and dis-
orientation in around 10% of 175 affective disorders from consecutive ad-
missions, aged 60 years old and over, to a mental hospital. In a series
of elderly patients with diagnosed depression, Post (1984) described
clinically evident "cerebral defects" in 10% and in 17% where psychologi-
cal tests were applied.

The Symptoms of Depression Among Diagnosed Dementias

Marsden (1972) reported depressive pseudodementia in 8 out of 106
(7.5%) patients admitted to a neurological hospital with a presumptive
diagnosis of dementia. Nott and Fleminger (1975) studied 35 cases diag-
nosed as presenile dementia and followed to death or for a mean length of
10 years: twenty of these cases did not deteriorate in a way consistent
with the diagnosis of dementia and 17 of these had a significant mood
disturbance, predominantly depressed in 9 cases. Smith and Kiloh (1981)
examined 200 patients (with an age range of 23 to 79 years) who had a
provisional diagnosis of dementia and found that 10% had pseudodementia
of which the most common cause was depression. Larson et al. (1985)
evaluated 200 elderly outpatients who had been referred for suspected
dementia: ten cases (5%) were primarily depressed with superimposed
symptoms resembling dementia.

Rabins (1985) combined 8 studies comprising 630 cases of hospital-
ized patients who were given a diagnosis of dementia at some point but
who were carefully evaluated for reversible dementia. Reversible condi-
tions were found in 8% to 40% of cases, with a mean of 21%. Four percent
were identified as being primarily cases of depression complicated by a
syndrome resembling dementia.

Depression also occurs in cases correctly diagnosed as dementia.
Larson et al. (1985) report that in their series there were 185 cases
with a final diagnosis of dementia and 48 (26%) of these also met DSM III
criteria for depression. Kral (1983) reviewed case material on 40 mental
hospital patients (average age 78 years old) with Alzheimer’s Disease and
found depression in 15%.

REASONS FOR THE CONCURRENCE OF DEPRESSION AND DEMENTIA SYMPTOMS

Concurrence by Chance

The first and simplest explanation of the concurrence of these two
conditions would be that it occurs by chance alone. Gurland and Cross
(1982), in a review of the prevalence of dementia, concluded that about
5% of the community residing elderly (65 years old and over) have a well
established dementia; this rises to 20% or more after age 80. In nursing
homes the prevalence of dementia can be as high as 50%. Therefore,
depending on the settings and on the age groups from which the cases of
depression are collected for study, one can expect a higher or lower
proportion of cases to have concurrent dementia by pure chance.
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Along the same lines, unless the dementia inhibits the development
or expression of depression, cases of dementia will be depressed at least
in proportion to the average rate of depression among the elderly popula-
tion. Rates of depression appear to decrease in old age but are still
substantial; for those over 65 years, the rate for all forms of clinical
depression (including all subtypes) is in the region of 13% (Gurland et
al., 1983), and for major depressions or endogenous depressions it is in
the range of 1% to 3%. The ECA studies (Meyers et al., 1984) found that
for all types of affective disorder in subjects 65 years and over, the
prevalence rates in New Haven were 3.9%, in Baltimore 2.4% and in St.
Louis 2.1%. Over the age of 80, when rates of dementia are rising, the
rates of depression probably fall still further (at least for women),
making chance concurrence less likely.

According to Smith and Kiloh (1981), pseudodementia predominantly
occurs in middle age. In a study of patients of all ages with a
provisional diagnosis of dementia, the prevalence rates of pseudodementia
were respectively, 10% for those less than 45 years old, 13.6% for those
between 45-64 years old, and 1.8% for those over 65 years old. Most of
these pseudodementias were found to be due to depression. Wells (1979)
reported 10 patients with a fully developed pseudodementia syndrome be-
tween the ages of 33 and 69 years. McAllister (1983) collated from
several sources a series of pseudodementias with primary depression;
their ages ranged between 22 and 85 years with a mean of 60.5 years of
age. The age distribution of the frequency of pseudodementia appears in
these data to parallel that of depression.

However, where depressions are taken as the base populations, the
rates of pseudodementia may parallel those of dementia by rising with
age. Cole and Hicking (1976) found the rate of minor organic signs rose
with age in depressed patients 60 years old and over; 20% in the 60-69
age group, 45% in the 70-79 age group and 70% in the 80 plus age group.

The hypothesis that chance association accounts at least in part for
the concurrence of depression and dementia poses a strong challenge to
alternative explanations and is consistent with the observed age dis-
tributions of either condition viewed against the base population defined
by the other condition.

Spurious Association Due to Selective Bias

In certain settings such as nursing homes, selective factors may
lead to chance overlap of depression and dementia, or physicians with a
special interest in geriatric depression may be referred a sample of
patients with complications like concurrent dementia. However, it is
difficult to estimate the effect on concurrence rates of selective fac-
tors unique to a particular series of patients. Some studies (e.g.,
Mindham et al., 1982) have introduced case-control comparisons (e.g.,
spouses, medically ill patients, etc.) to reduce the effects of bias in
selection, but the controls also are subject to selective bias. Only
clear and consistent findings on greater than chance concurrence of
depression and dementia in a variety of samples will be convincing
evidence.

On the other hand, pseudodementia may be selectively missing from
some settings. Rabins et al. (1984) carried out a retrospective review
of 136 outpatients evaluated for dementia in the Hopkins Hospital
Psychogeriatric Clinic and found no reversible dementias; presumably
these had been hospitalized.

Studies of representative samples of the community elderly are less
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liable to unintended biases of this nature, but exclude cases admitted to
acute or long term care facilities. Among a random sample of community
residing elderly (n=445), Gurland et al. (1983) noted a correlation be-
tween symptoms of depression and cognitive impairment that was in the low
region (.10), although there were a number of cases of depression who had
cognitive impairment and of dementia who had raised depression scores.
Folstein et al. (1985) identified 44 subjects with possible or definite
dementia among a representative sample of the community residing elderly;
none of these was found to have a reversible dementia on the basis of a
medical and mental examination and, for most cases (n = 36), a complete
laboratory investigation.

Spurious Association Due to Misdiagnoses

A concurrence of depression and dementia may be apparent but not
real when cases that are solely depressed are diagnosed as also having
dementia or a dementia-like syndrome. This is often the result of a
failure to distinguish between the symptoms of depression and those of
cognitive impairment, or of overly broad criteria for dementia. Misclas-
sification rates have been recently reviewed by Katzman et al. (1986) and
show an overdiagnosis of dementia of between 10%-31% in four studies con-
ducted between 1974 and 1981, in which diagnosis was checked by follow-
up. However, in two studies reported in 1984 and 1985, the overdiagnosis
dropped to less than 2%. Nevertheless, the misdiagnosis of dementia in
cases that are later determined to be primarily a depression has been
reported by Gurland et al. (1983), Garcia et al. (1981) and Rabins
(1981), among others.

Katzman et al. (1986) attribute the recent improvement in the diag-
nosis of dementia to better methods of diagnosis, including the use of
DSM III criteria. Others, particularly Wells (1980), have delineated
certain features which may accompany the picture of cognitive impairment
and point towards an underlying depression: exaggeration by patients of
their impairments and the problems that ensue, uncooperativeness on test-
ing (e.g. giving up too easily in attempts at answering questions in con-
trast with the true dementias who will invent answers or get as close as
they can to the correct one), an onset which can be easily perceived be-
cause it is in sharp contrast to what is normal for that patient and
comes on relatively quickly, rapid development of the clinical picture, a
previous history of episodes of depression, raised anxiety and a sense of
failure in relation to poor performance and islands of good memory or
performance. Nott and Fleminger (1975) add that in pseudodementia there
are not likely to be errors in language disturbance (perseveration and
nominal dysphasia) or calculation; nor focal neurological signs such as
apraxia, agnosia and dysgraphia; nor emotional lability. Ron et al.
(1979) emphasized that a discrepancy in verbal-performance tests of the
W.A.I.S. characterizes true dementia but not pseudodementia. Reding et
al. (1985) found in a 3 year follow-up of depressed elderly patients
referred to a dementia clinic that the following signs, among others,
predicted a high risk of developing dementia: signs of cerebravascular,
extrapyramidal or spinocerebellar disease; confusion on low doses of
tricyclics. Rabins (1985) provides a logically ordered algorithmic bat-
tery of history, physical examination, psychiatric assessment and
laboratory and special investigations for improving the accuracy of diag-
nosis of dementia; he insists that gradual progression and language dis-
order need be present for diagnosis of Alzheimer’s Disease.

Cognitive symptoms of an acute confusional state (delirium) or other
may complicate a depression and may be mistaken for dementia. This com-
bination may present with a high frequency in medical settings where
depression often accompanies the medical condition and acute confusional
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states are common as well. Correlations of depression and physical ill-
ness in the elderly are generally high (Gurland et al., 1983).

Cognitive impairment due to acute confusional state or other causes
is frequent in the same medical settings that may have high rates of
depression. Cognitive impairment has been detected by screening measures
in 33% of patients (mean age of 55 years) in a general medical inpatient
service (Knights and Folstein, 1977), 30% of patients with a mean age of
50.2 years in a neurology service (DePaulo and Folstein, 1978), and 25%
in patients with a mean age of 63.4 years in a rehabilitation hospital
(Garcia et al., 1984). Post (1984) asserts that confusional states
present more commonly with paranoid or manic symptoms than with depres-
sive symptoms, which are rare, but that confusional states may coincide
with a depressive condition as a result of the medication prescribed for
the depressive symptoms or of the often associated medical condition and
its treatment.

Despite the encouraging trends in improving the diagnosis of demen-
tia, it is still likely that misdiagnosis confounds estimates of the
frequency of the concurrence of depression and the symptoms of dementia.
Overall, the estimates are likely to be deflated by misdiagnosis. For-
tunately, much of the data on pseudodementia comes from studies where
diagnosis was carefully and expertly made, supported by special inves-
tigations and confirmed in some instances by follow-up and autopsy.

Dementia Syndrome Resulting from Depression

A more interesting possibility than chance association between the
two conditions is that there is a systematic concurrence of depression
and the dementia syndrome and that it is because one condition increases
the risk of the other occurring.

In cases where cognitive impairment is purely a result of depres-
sion, it should be expected not to progress, to disappear when the
depression subsides and not to reemerge later as a full fledged dementia
any more often than in the normal elderly population. Some cases of
depression must by chance develop dementia at a later stage, the chances
becoming greater the longer the follow-up. However, extrapolating from
the estimates of Sluss et al. (1981), even if all subjects in a given
series lived and were followed to age 85, only a minority (around a
third) should by chance develop dementia.

Several of the earlier studies (Post, 1972; Madden et al., 1952)
reported that during the course of depression, intellectual function may
become impaired to a marked degree but return to a normal level spon-
taneously or when the mood state is relieved. Kay et al. (1955) found
that the equivocal signs of cerebral disturbance which they noted in
their series made no difference to patient outcome as determined by
follow-up. Madden et al. (1952) noted that their 30 study patients with
a dementia-like syndrome recovered with short-term therapy; however,
there was no systematic follow-up to determine the eventual outcome of
these patients.

Other and later investigators have reported a mixed outcome for
pseudodementia. Rabins (1985) reviewed the scanty literature on the re-
versibility of dementia (Hutton, 1981; Smith and Kiloh, 1981; Fox et al.,
1975; and Freemon, 1976) and concluded that, overall, about 50-60% of
pseudodementias recover. Rabins (1981), in his personal series of 16
patients with coexistence of dementia and major depression, found that
treatment for their depression led to improvement of cognitive function
in 81% of cases, with most remaining well for 2 years. Similarly, Bul-
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bena and Berrios (1986) report that the long-term outcome of the Fulbourn
Hospital sample of pseudodementias was mixed but not ‘unlike results ob-
tained by Murphy (1983) for elderly depressives.

However, Kral (1983) followed, for 4-18 years (average 8 years), 22
cases with a mean age of 76.5 years (ages ranged from 62-78 years) diag-
nosed as pseudodementia and, surprisingly, found that 20 developed
progressive dementia (confirmed by autopsy in 3 cases). Reding et al.
(1985) followed for 3 years 28 cases of depressive pseudodementia, of
whom 16 (57%) developed progressive dementia. Hutton (1981) noted that
in his series of 100 consecutive patients investigated for apparent
dementia, 8 did not have mental impairment and 18 had a functional
psychiatric disorder. There were 6 depressive pseudodementias; in a
follow-up of 4-11 months all of the depressive pseudodementias improved
on treatment, but 4 remained partially impaired. Cole and Hicking (1976)
studied 86 hospital admissions of depressed patients aged sixty years and
over and reported that minor organic signs (partial disorientation or
mild impairment of recent memory) predicted a poorer outcome. Davies et
al. (1978) found slightly unfavorable outcomes in elderly depressives
whose cognitive impairment was detectable in psychological and
psychophysiological tests.

A certain proportion of elderly depressives must by chance be in the
early subclinical stages of dementia; mood disturbance might then ag-
gravate the intellectual difficulties and precipitate a pseudodementia.
In these instances the dementia symptoms would improve along with the
mood, but the dementia process would continue to deteriorate until it
surfaced again some time later regardless of mood. The odds of a chance
concurrence of depression and subclinical dementia are unknown because
there is so much inconsistency in the findings on early dementia in the
published studies. Estimates of the prevalence of early dementia are in
the range of 1-3 times the rates for established cases.

The evidence suggests that at least some cases which present with
the picture of pseudodementia are in fact in the early stages of a
progressive dementia; in some series these cases are a majority. Setting
aside methodological confounds such as selective bias and ambiguities
regarding diagnostic criteria, the evidence on outcome suggests that
pseudodementia is sometimes primarily a depression but often primarily a
dementia; in other cases chance association could account for the concur-
rence. Treatment of depression secondary to dementia with anticholiner-
gic antidepressants does not appear to accelerate the dementing process
(Kral, 1983). The possibility that depression as such denotes a vul-
nerability to developing dementia needs further discussion.

Depression As a Precursor to Dementia

Roth (1955) and Post (1972) independently showed that cases of diag-
nosed depression do not develop dementia at any higher rate than the non-
depressed elderly population. Post (1972) reported the results from a 3
year follow-up of 92 elderly patients with depression: about two thirds
of the patients recovered completely, with or without relapses during the
3 year follow-up; in his opinion, this is quite comparable to recovery
rates published for younger patients. Moreover, only 6.5% of these
depressives developed dementia of "multi-infarct or senile" type, no
greater than would be expected for a population whose members were over
60 years old.

Tomlinson et al. (1968) and Roth (1980) found that brain changes in

depressives do not differ from those in other nondementing conditions
such as physical illness or paraphrenia. Yet, Jacoby et al. (1980, 1981)
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reported that enlarged cerebral ventricles were found in 9 out of 10 of
late onset depressions and none in early onset depressions; reduced brain
tissue radiodensity also characterized the late onset depressives (Jacoby
et al., 1983). The latter had a higher mortality rate in a 2 year
follow-up, but this was not from dementia.

Mahendra (1985) notes that the earlier works (Nott and Fleminger,
1975; and Ron et al., 1979) emphasized that brain imaging techniques (at
first the air encephalogram) showed abnormalities mainly in the true de-
ments, but they did mention minor changes in the pseudodementias. Nott
and Fleminger (1975) found almost as many cases with EEG abnormalities
among the pseudodementias as in the true dementias.

Thus, both late onset depressions and pseudodementias may have a
higher frequency of brain changes than other depressions in the elderly,
but there is no evidence that these changes are characteristic of the
progressive dementias.

Depressive Reaction to Dementia

Some cases of depression will be superimposed on well established
cases of dementia as reactions to the latter condition. Depression in
fully established dementia is often fleeting and ill-defined but may ful-
fill DSM-III criteria for major depression in a substantial proportion of
cases (Larson et al., 1985). 1In these types of cases, the dementia may
improve but will tend not to recede with the depression (McAllister and
Price, 1982; and Rabins, 1984).

High rates of such superimposed depressions could be expected if the
rates were merely consistent with those observed for other types of dis-
ability (Gurland et al., 1983), especially in view of the greater dis-
ability imposed by dementia compared to most other disorders. A limit on
the frequency of depression might be set by the inability of those with
advanced intellectual deterioration to react normally or express their
feelings, although it is not clear at what stage of dementia this ac-
tually occurs. Kral (1983) holds that in the later stages of Alzheimer’s
Disease the diagnosis of depression depends more on changes in the
patient’s behavior than on verbal complaints. Nevertheless, the depres-
sion might be not so much a reaction, but a direct effect of the brain
change of dementia and thus independent of the patient’s psychological
awareness. This possibility is discussed below.

Common Causes of the Two Conditions

The high rate of later development of dementia in some studies of
pseudodementia might further be explained by a causal link between the
two conditions. Either the depression is a psychological reaction to an
incipient dementia, based on the person’s awareness that his/her
faculties are becoming impaired, or the two conditions arise out of a
common biological process, possibly related to aging.

A specific biological association--as opposed to a non-specific
psychological association--between depression and dementia should lead to
differing rates of depression among sub-types of dementia. There is in-
sufficient data to address this possibility, though there are claims that
Parkinson’s Disease has an especially high rate of both depression and
dementia (Mayeux et al., 1981; Mindham et al., 1982). One estimate of
the symptoms of depression in Parkinson’s Disease has been as high as 90%
(Mindham, 1970), though that study was conducted in a psychiatric hospi-
tal and, moreover, affective illnesses were of equal frequency in index
(55 out of 89) and control (44 out of 89) groups. Mayeux et al. (1981)
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found over 16% of their Parkinsonian patients to be moderately or
severely depressed, with no such cases in spouses who were the controls.

Cognitive impairment has been reported to occur in around 20%-40% of
Parkinsonian patients (Mayeux et al., 1981; Mindham et al., 1982), but
opinion is divided as to whether the defects are those of dementia, and
if so, whether this is of the Alzheimer type or a subcortical dementia
(characterized by memory impairment, slowness of thought, apathy and
depression and difficulty in manipulating knowledge, but no aphasia,
apraxia or agnosia). Perry et al. (1983) have found that the cognitive
impairments of Parkinson’s Disease are associated with cortical choliner-
gic deficits but not with the neuropathological changes of Alzheimer’s
Disease.

The depression in Parkinson’s Disease has been reported to be posi-
tively correlated with the level of cognitive impairment (Mayeux et al.,
1981), but other relationships are less clear; it appears to be unrelated
to the major subtypes of Parkinsonism (idiopathic, postencephaletic and
arteriosclerotic) (Mindham et al., 1982). The depression seems often to
coincide with the onset of Parkinsonism, but is not related to the
severity of the Parkinsonian symptoms and may be relieved by antidepres-
sives even when the Parkinsonian symptoms are not remittent. The depres-
sion may precede the Parkinsonian symptoms. Furthermore, equally dis-
abled medically ill patients are not as depressed as Parkinsonian suf-
ferers. Levodopa treatment is apparently not responsible for the depres-
sion in parkinsonian patients.

Mayeux et al. (1981) have reconciled these discrepancies in their
observations that the depression of Parkinson’s Disease is usually in the
younger patient with a relatively slowly progressing illness; where it is
not accompanied by a global dementia but rather by mild intellectual im-
pairment, with impaired cognitive skills and inattention. The
Alzheimer’s type dementia occurs in the older patients with a rapidly
progressive form of Parkinsonism. It may be that a reduction of
norepinephrine and serotonin levels underlies some of the changes in
Parkinson’s Disease, dementia and depression.

Any theory on a common cause for the concurrent syndromes of depres-
sion and dementia must take into account differences in the features of
the memory disturbance associated with the two conditions.

Caine (1981) studied 17 patients with depression and cognitive im-
pairment and noted that many "cortically mediated" psychological func-
tions commonly impaired in dementia were not affected, while attention,
mental processing speed, spontaneous elaboration and analysis of detail
were impaired. Gibson (1981) and Weingartner et al. (1982) suggest that
memory is not disorganized in depression, but suppressed in proportion to
the depression, especially for memory of unrelated events, which requires
high and sustained effort and motivation. In dementia, the patient fails
on even relatively easy memory tasks, despite the relationships between
information and despite trying hard. Kral (1983) suggests that depres-
sion based on the brain changes of Alzheimer’s Disease itself (as opposed
to endogenous and reactive depression) is chronic with little variation
in intensity and characterized by irritability, aggressiveness, paranoid
ideation and nihilistic delusions. These depressions tend to be refrac-
tory to antidepressant treatment. Kral points to the possible role of
the limbic system in serving both memory and mood.

Mahendra (1985) puts forward the view that if there is a

neurobiological process common to dementia and depression which explains
their relationships, whether positive or inverse, then it is complex
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(e.g., the role of monoamines or cholinergic activity). The process
might favor depression at one extreme and dementia at the other, with
some mixed conditions such as Parkinsonism between. He suggests that
there might be a discrete entity involving a relatively benign and some-
times reversible type of dementia. In support of this concept, he points
out that the dementia symptoms are often quite out of proportion to the
level of depression (i.e., a progression of severity to the point of
stuporous depression producing dementia no longer occurs with today’s
treatments); the depressive and dementing symptoms often pursue an inde-
pendent course and concurrent depression tends to occur more commonly
with the dementia of Parkinsonism, Huntington’s Chorea and the slower
senile types.

CLINICAL CONSIDERATIONS

In any event, pseudodementia or its synonyms and analogs occurs in a
small but important minority of depressions (about 10%), and suspected
cases of dementia (about 5%), and may account for as much as 20% of the
reversible dementias. These figures underline the necessity and value of
a full evaluation of depression in cases suspected of being demented.
Depressive symptoms should be appropriately treated regardless of the
presence of dementia or other cognitive impairment.

CONCLUSIONS

The various concepts and syndromes of relevance to a discussion of
pseudodementia must be more clearly delineated in order to settle some of
the inconsistencies in the findings of different studies. The concepts
that are called upon as alternative explanations for the concurrence of
depression and dementia have been reviewed in this paper. Some of these
concepts are summarized below (together with suggestions for criteria) to
define the clinical syndromes that reflect the concepts.

Depressive Pseudodementia

This concept implies that a primary depression presents with
symptoms that have initially the clinical appearance but not the charac-
teristic course of a progressive dementia. This concept excludes cases
which are carelessly diagnosed as dementia because the typical symptoms
of depression are overlooked or because symptoms such as subjective com-
plaints of difficulty with memory or a syndrome of delirium (acute con-
fusional state) are misinterpreted as indicating a dementia. Suggested
criteria are: (a) fulfills criteria for a depressive disorder (except
for tautological criteria such as ruling out an organic cause), (b) ful-
fills criteria for a dementia (except for tautological criteria such as
ruling out depression), (c) the dementia ceases when the depression is
relieved and (d) the criteria for dementia are not fulfilled during the
subsequent 3 years except during episodes of depressive disorder or
marked aggravation of depressive disorder.

Mahendra (1985) states that the criteria which underlie the concept
that pseudodementia is caused by depression are that the symptoms of
dementia are not progressive but improve with the depressive illness and
that there is no causal relationship with brain disease. Bulbena and
Berrios (1986) used the following precise but slightly broader criteria:
the presence of cognitive impairment of the type seen in dementia, no
relevant organic disorder and reversibility of the symptoms of dementia.
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Depression with Cognitive Impairment

This concept implies that a primary depression presents with the
usual range of symptoms and that intellectual changes are only evident on
very careful testing. Suggested criteria are: (a) fulfills criteria for
a primary depressive disorder, (b) does not fulfill criteria for a demen-
tia, (c) does not fulfill criteria for a dementia at any time in the next
3 years and (d) cognitive impairments, evident clinically or on testing,
wax and wane with the depression.

Depressive pseudodementia does not include non-dementing conditions
presenting as dementia for reasons other than a depressive precipitant
(i.e., it excludes deliria, other treatable or reversible dementias, and
other psychiatric causes).

Dementia with Depression

The concept is that these cases are suffering from primary dementia
and in addition have a depressive disorder. Suggested criteria are: (a)
presently or within 3 years fulfills criteria for a dementia, (b) ful-
fills criteria for a depressive disorder and (c) the dementia symptoms
precede and outlast the symptoms of depressive disorder or the dementia
symptoms relapse without depression within 3 years.

It should be noted that in this concept and consistent with these
criteria, the dementia may at the time of diagnosis be clinically evident
or be subclinical.

There are also concepts covering cases that have a common biological
process or occur together by chance, but these cannot be distinguished at
present from the previous concepts by criteria that apply to the in-
dividual patient. These concepts can be examined by abstracting from
data on large or special groups, and they will certainly be further
clarified when markers of the two conditions are available.

It is tempting to add to these criteria the phenomenological in-
dicators or predictors of depression or of dementia that have been men-
tioned in this paper; or to incorporate the evidence of special inves-
tigations such as brain imaging or evidence of specific neurotransmitter
abnormalities. However, the usefulness of these indicators and predict-
ors has not been well validated except insofar as they are already incor-
porated into criteria for depression and dementia separately. In the in-
terim the consensual agreement on terms such as those listed above would
resolve some of the apparent discrepancies in studies of pseudodementia
and other conditions involving concurrence of depression and dementia and
would clarify many of the issues that are raised.
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INTRODUCTION

The brain-adrenal axis* represents one of the major adaptation mech-
anisms maintaining the body homeostatic balance (see Dilman, 1971). Since
the 1960s it has become an object of increased attention to psychiatrists
and has resulted in the avalanch of publications reviewed elsewhere
(Stokes, 1987). This chapter reviews the findings of our research team as
well as closely related literature in an attempt to offer a satisfactory
explanation of the known facts and to suggest directions for further
investigation.

The starting point of our studies was the understanding that brain-
adrenal axis activation (initially viewed as a specific feature of, at
least, a subgroup of depressions) is a non-specific phenomenon in regard
to any pathological entity (Dilman, 1971; Dilman et al., 1979; Stokes et
al., 1984). Brain-adrenal axis activation reflects rather, some brain-
endocrine changes that might occur in the course of normal aging (see
Dilman et al., 1979) and pathological conditions (depression, see Carroll
et al., 1981; alcohol withdrawal, see Oxenkrug, 1978; primary degenerative
dementia, see Raskind et al., 1982). Such an approach does not exclude
the evaluation of brain-adrenal activity as an additional laboratory test
(Carroll et.al., 1981). Fever, in the same vein is a non-specific phenom-
enon for pneumonia or appendicitis but rather points to the presence of
inflammation and might be useful for diagnostic and follow-up purposes.

Normal aging. There is ample experimental evidence of brain-adrenal
activation in the course of normal aging (DeKosky et al., 1984; Landfield
et al., 1978, 1981; Oxenkrug et al., 1983). Some hypotheses (see Dilman
et al., 1979; Landfield, 1986) suggest that brain-adrenal activation is
one of the main mechanisms of normal aging. This suggestion is in line
with the findings that chronic exposure of the young animal to elevated
levels of corticosteroids caused hippocampal morphological changes typical

*"Brain-adrenal" seems to be a more appropriate definition than hypothal-
amic-pituitary adrenal (at least in the context of the current review)
since some other brain structures (hippocampus: McEwen et al., 1975;
pineal: Wurtman & Altshule, 1959; Oxenkrug et al., 1984) might contribute
to the regulation of adrenal activity.
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of old animals (see Landfield, 1986); inhibited the sprouting of hippo-
campal noradrenergic neurons (DeKosky et al., 1984) and down regulated
hippocampal corticosterone receptors (Sapolsky & McEwan, 1986).

In contrast to abundant animal data, activation of the brain-adrenal
axis in humans has not been well established until recently. The routine
tool for the evaluation of brain-adrenal axis activity is dexamethasone
(DEX) suppression test; the failure of DEX (a synthetic glucocorticoid) to
suppress blood cortisol levels indicates an overactivation of brain-adrenal
axis. The use of 1 mg of DEX failed to find an age effect on post-DEX cor-
tisol levels partly because 1 mg of DEX resulted in almost complete sup-
pression of cortisol levels (mostly <1 microg/dl) (Tourigny-Rivard et al.,
1981). Recently, Rosenbaum et al. (1984) suggested that aging effect on
post 1 mg of DEX cortisol levels might be revealed with the use of radio-
immunoassay but not competitive protein binding methods of plasma cortisol
determination. The use of 0.5 mg of DEX yields various degrees of cortisol
suppression (from <1 to 5 microg/dl) and allows for the establishment of a
positive correlation between plasma post-DEX cortisol levels and age in
normal volunteers (Oxenkrug et al., 1983). These results were in line with
the previously observed increase of post-prednisolone urine corticosteroid
levels in normal aged subjects (see Dilman et al., 1979). The other tool
for the evaluation of brain-adrenal axis activity is the determination of
24 h blood cortisol secretion. Positive correlation has been found in nor-
mal subjects between age and 24 h plasma cortisol levels (Halbreich et al.,
1985). According to Halbreich et al. (1985) each decade of age results in
0.65 microg/dl increase of 24 h plasma cortisol. The use of only one-point
(morning) plasma cortisol level fails to produce statistically significant
correlation between basal plasma cortisol levels and age (Oxenkrug et al.,
1983; Georgotas et al., 1986). However, linear regression analysis reveals
the contribution of basal (pre-DEX) morning plasma cortisol levels to age-
associated increase of post-DEX cortisol levels. The relationships between
age, pre— and post-DEX plasma cortisol levels was described by the follow-
ing equation (Branconnier, Oxenkrug et al., 1984):

PostDEX cortisol = 0.12 (preDEX cortisol) + 0.04 (age) - 1.34 (D)

The highest post-DEX cortisol levels (4 to 5 microg/dl) were observed
among subjects older than 55 years suggesting that the use of one and the
same normal value (cut-off at the level of 4 to 6 microg/dl) is inappro-
priate for elderly population, at least, with the 0.5 mg of DEX test.
Theoretically, this equation might also be used for calculation of "age
based on determination of pre- and post DEX cortisol levels:

1n

"Age" = (PostDEX cortisol ~ 0.12 (preDEX cortisol) + 1.34):0.04 (II)

The calculated "age" might reflect some (but not all) age-associated
biological changes (mostly in brain-adrenal axis). Therefore, such a cal-
culation might be used for the evaluation of the correspondence between
brain-adrenal axis activity and chronological age of the subject studied.

Therefore, both animal and human data suggest the progressive activ-
ation of brain-adrenal axis during the course of normal aging.

The memory changes are nearly universal in aging. Although no data
on the correlation between cognitive function and brain-adrenal axis activ-
ity during the course of the normal aging is available, one may suggest
the existence of such a correlation considering that age associates with
both brain-adrenal axis activation (Dilman et al., 1979; Oxenkrug et al.,
1983) and cognitive impairment (see Branconnier and De Witt, 1984).

Cushing's and Down's Syndrome. Both syndromes are considered the
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models of accelerated aging. Affective and cognitive changes in Cushing's
syndrome were associated with the brain-adrenal overactivation (Starkman
et al., 1986). We were particularly interested in evaluating the brain-
adrenal activity in Down's syndrome patients since age-associated brain
morphological changes (plaques, tangles) (Ball and Nuttall, 1979) as well
as early development of dementia (Thase et al., 1984) similar to senile
dementia of Alzheimer's type (primary degenerative dementia, DSM-111) were
observed in this genetic disorder as early as in the third decade of life
(see Wishnievski, this volume).

Post-DEX plasma cortisol levels were below 4 microg/dl in two out of
six patients (Oxenkrug et al., 1987a). The limited number of observations
did not allow us to conclude (according to Carroll's criteria) whether non-
suppressors were more frequent among Down's syndrome patients. However,
post-DEX plasma cortisol level calculated according to equation #I was
identical to the obtained cortisol level only in one patient, 26 years old.
In the rest of the patients calculated postDEX levels were higher than ob-
tained ones and the differences between calculated and obtained cortisol
levels positively correlated (r=0.73, p<0.05) with the age of the subjects.

In the same vein, calculated "age'" (equation #II) was almost identical
with the chronological age of the patient in the second decade of life.
However, patients of the third to sixth decade of chronological age reveal-
ed the persistent increase of their calculated "age'". The calculated "ages'
of patients in the fifth and sixth decades were above the limits of the
equation (82 years). 1In fact, if the same equation was based on the data
obtained from normal subjects up to 200 years old, the calculated "age'" of
these Down's syndrome patients would be around 180 years.

Therefore, brain-adrenal activation was observed in both normal aging
and in Down's syndrome. The striking difference between these two condi-
tions is a dramatically accelerated development of brain-adrenal activation
and cognitive impairment in Down's syndrome. The direct assessment of such a
correlation has so far been done in primary degenerative dementia and major
depressive disorder.

Primary degenerative dementia. Brain-adrenal overactivation in demen-
tia has been observed by several research teams (Coppen et al., 1983; Spar
and Gerner, 1982; Raskind et al., 1982). TFurther studies reported brain-
adrenal overactivation in severe (but not mild) forms of primary degenera-
tive dementia (Jenike and Albert, 1984; Pomara, Oxenkrug et al., 1984). It
is noteworthy that both studies came to a similar conclusion on the correla-
tion between cognitive impairment and brain-adrenal activation despite the
fact that severity of dementia was assessed by two different methods:
Dementia Scale (Jenike and Albert, 1984) and Memory and Information Test of
Roth and Hopkins (1953) (Pomara, Oxenkrug et al., 1984). Recently, we ob-
served a positive correlation between post-DEX plasma cortisol levels and
Global Deterioration Scores (GDS) (Reisberg et al., 1982) in primary degen-
erative dementia (Oxenkrug et al., 1987b). However, the correlation be-
tween GDS scores and post-DEX cortisol levels in the primary degenerative
dementia was not observed by Georgotas et al. (1986). The possible reasons
for the descrepancy between their data and our results are the wider range
of GDS scores in our patients than in the Georgotas et al. study and the
use of different modifications of the DEX test. The 0.5 mg DEX method ap-
parently is a more sensitive tool for the evaluation of brain-adrenal axis
disfunction than the 1 mg of DEX test since it results in a wider range of
post-DEX cortisol values.

A positive correlation between cognitive impairment and brain-adrenal
overactivation observed in primary degenerative dementia provides an ad-
ditional indirect support for the suggestion that brain-adrenal overactiv-
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ation might contribute to cognitive impairment in normal aging, Down's
syndrome and primary degenerative dementia.

Depression. Overactivation of brain-adrenal axis is generally acknowl-
edged in, at least, a subgroup of depressed patients. Cognitive impairment,
a clinical feature of depression, (McAllister, 1981; Weingartner et al.,
1981) has been shown to be more pronounced in DEX test NON—-SUppressors
(Brown and Shuey, 1980; Reus, 1982) and to correlate with free urinary cor-
tisol (Rubinov et al., 1984) and post-0.5 mg DEX cortisol levels (Siegel et
al., 1987) in depressed patients. The possible correlation between cogni-
tive impairment and brain-adrenal activation was substantiated recently by
finding of the association of memory deficit and nonsuppression to 1 mg of
DEX with radioimmunoassay of plasma cortisol in depressed patients (Winokur
et al., 1987).

It is noteworthy that correlations between cognitive function and
brain-adrenal axis activity in depressed patients were observed by several
authors despite the different methods used for the evaluation of both cog-
nitive function and brain-adrenal axis activity (Brown and Shuey, 1980;
Rubinov et al., 1984; Reus, 1982). However, our observation of correlation
between GDS scores and post-DEX cortisol levels in elderly depressed
patients (Siegel et al., 1987) is at variance with Georgotas et al. (1986).
Since the number of observations and the average GDS scores in our study
were very similar to that of Georgotas et al., the possible reason for the
discrepancy might be the use of 0.5 mg of DEX in our study versus 1 mg of
DEX in the Georgotas et al. (1986) study.

Therefore, literature and our data produced the repeated observations
of a positive correlation between brain-adrenal activation and cognitive
impairment in depressed patients.

It is feasible that interaction of age and depression effects on brain-
adrenal axis (Stangl et al., 1986) might result in higher degree of brain-
adrenal axis activation (Alexopolus et al., 1984; Davis et al., 1984; Greden
et al., 1986; Nelson et al., 1984) and more severe cognitive impairment
(Rubinov et al., 1984; Seigel et al., 1987) in elderly depressed subjects.
The degree of cognitive impairment in elderly depressed patients might be,
indeed, indistinquishible from that in primary degenerative dementia (see
Siegel and Gershon, this volume).

Comments. The review of the available data suggests that brain-adren-
al activation correlates with cognitive impairment in, at least, a subgroup
of depressives, as well as in primary degenerative dementia, Down's syndrome
and in normal aging. One might suggest that cognitive impairment and brain-
adrenal axis activation may be independently triggered by one and the same
mechanisms and, therefore, the correlation between cognitive function and
brain-adrenal activity is just an epiphenomen. The alternative suggestion
might be that the observed correlation reflects the cause-effect relation-
ships between brain-adrenal axis activation and cognition. Such a hypothe-
sis is in line with the experimental data which suggests that brain-adrenal
axis activation might impair cognition through cortisol effect on glucocor-
ticoid receptors (Sapolsky & McEwen, 1986) and adrenergic neurons (DeKosky et
al., 1984) in hippocampus--the structure intimately involved in memory pro-
cesses (Hyman et al., 1985). Since normal aging and, at least, some sub-
types of depression, dementias and Down's syndrome associate with both
brain-adrenal axis overactivation and cognitive impairment, one might argue
that brain-adrenal axis overactivation contributes to the development of
cognitive impairment in these conditions. (The lack of data does not allow
us to consider different subtypes of dementia or depression.)

The positive correlation between brain-adrenal axis activation and
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cognitive impairment also implies that the degree of brain-adrenal axis
activation might, at least partly, determine the degree of cognitive impair-
ment. Some literature and our data discussed in this review are in line
with such a suggestion, since in the course of normal aging brain-adrenal
axis activation and cognitive impairment are minimal in the young subjects
and become prominent only in the aged population. In the case of Down's
syndrome, both cognitive impairment and brain-adrenal axis activation are
dramatically accelerated. Primary degenerative dementia might be considered
as some what in the middle between normal aging and Down's syndrome.

The mechanisms and natural course of brain-adrenal axis dysfunction
(and cognitive impairment) in depression might be different from the other
reviewed conditions. Aging associated changes in brain-adrenal activity and
cognition are expected to be irreversible and genetically predetermined.
The same arguments might be applied to Down's syndrome and primary degener-
ative dementia. Recent studies suggest that both disorders might have the
genetic defects related to chromosome 21. Depression-associated changes on
the contrary in general are reversible and may be associated with the de-
fect of chromosome 11. It is noteworthy that both brain-adrenal axis
activation and cognitive impairment are stat rather than trait-related
features of depression. (This does not exclude the possibility of
irreversible brain changes caused by prolonged brain-adrenal axis activation
in depression ——Kral et al., 1983).

In conclusion, we suggest that age-associated activation of brain-
adrenal axis might affect the potential demented patients at an earlier time
of life and might contribute to development of cognitive impairment. Such a
suggestion is in line with the hypothesis that activation and acceleration
of the normal "machinery"” of brain aging might contribute to the
manifestations of dementia (see Landfield, 1986). The results of further
investigations of the mechanisms of brain-adrenal activation in primary
degenerative dementia might be used therefore for the development of methods
of identification of populations—at-risk and for rational biological
treatments of dementia.
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FROM FAMILY STUDIES TO MOLECULAR HYPOTHESIS IN ALZHEIMER'S DEMENTIA
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INTRODUCTION

That dementia of the Alzheimer's type (DAT) runs in families is clear
from modern family studies. With minor differences, explainable by
variation in severity of DAT in the probands selected, these studies have
discovered the same basic recurrence rates among relatives of affected
probands. At equal ages, these rates of DAT recurrence are significantly
higher than those of the general population. This data forms one basic set
of facts upon which causal hypotheses must depend.

A second set of data defines associations between DAT and Down's
syndrome (DS). These associations permit important focusing of etiologic
thinking at the molecular level.

FAMILY STUDIES

The results of five recent family studies based on probands with DAT
can be seen in Figure 1. Note first in Figure 1, that the five lines depic-
ting cumulative risk to relatives are reasonably close to parallel which
permits concluding that the several studies found about the same rate of
recurrent illness. However, the ages at which the risk begins to be
increased over the general population differs considerably among the studies.
This age is represented on Figure 1 by the origin on the X-axis for each
line.

This difference in age of increased risk can be explained by the obser-
vation that age of probands will have a major influence on age of secondary
cases. ‘A general finding applicable to all studies is that secondary cases
in families are older at onset of illness by 5 to 10 years than the probands
through whom the family was located. Moreover, it is rare that a secondary
case is younger than the proband for the family. In the Heston series, for
example, only 9 secondary cases among 87 had onsets of illness while younger
than the family's proband (Heston et al., 1981). This occurs no doubt
because probands are highly selected for relatively severe, dramatic
illnesses. Therefore, they would tend also to have earlier onset of
illness.

Each of these studies have special features that impinge on the ages of
probands and thus of secondary cases. Xkesson (Xkesson, 1969) studied

67



probands who were over age 65 at the onset of DAT, were located in nursing
homes, and were severely ill. 1In order to become a proband, a nursing
home resident had to be constantly disoriented. Thus one would expect most
of Akesson's secondary cases to be 65 or older and, on average, older than
those found in studies starting with younger probands. Second, because
these probands were severely ill, their families would have higher risks
than families located through probands of the same age with more moderate
illnesses.

Probands in Larsson's study (Larsson et al., 1963) were also over age
65, but were not selected for relative severity. Therefore, few secondary
cases with onset before 65 would be expected and the risk to relatives
would be fairly small. This is indeed what is reported and shown in
Figure 1.

Fig. 1. Cumulative risk in percents to siblings of probands
with DAT or presumed DAT as found in five modern
family studies.

Heston's probands (Heston et al., 198l) were all ages, but younger
probands were oversampled to a small extent. Breitner and Folstein's (1984)
sampling design potentially included all ages but older probands were over-
represented. These two studies report very similar results.

Probands located by Heyman were all under age 65 (Heyman et al., 1983).
It would be expected, therefore, that relatives of these probands would have
a relatively high risk of DAT, and that secondary cases would be younger at
onset. The data confirms this expectation as shown in Figure 1.
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Figure 1 not only summarizes the major findings from these family
studies, but it also points to a consistency among the studies and to an
agreement with expectations based on a multifactorial disease to which
genetic factors make an etiologic contribution. It appears that these
studies are recognizing the same phenomona, which is surely a genetic compo-
nent in DAT. Until more sophisticated hypotheses are developed, there seems
no need to go on repeating the same experiment.

DAT AND DOWN'S SYNDROME

Several associations link DAT with Down's Syndrome (DS). The neuro-
pathology found in DAT is also found in persons affected with DS who live
at least to early adulthood. Of DS cases coming to autopsy after age 45,
100% have been found to exhibit the characteristic neuropathology of DAT
(Malamud, 1972). Although dementia in retardates is difficult to demon-
strate, cross-sectional studies strongly suggest that a large proportion
of DS persons experience a decline in mental functioning with age consistent
with phenotypic DAT (Thase, 1982; Haxby, 1985). 1In addition, DS and DAT
brains appear identical under the electron microscope and exhibit similar
patterns of change in neurotransmitters and enzymes, especially choline
acetyl transferase, cholinesterase, and superoxide dismutas-1.

Weinreb (1985) has reported that a clinic population of DAT cases
exhibited dermatoglyphic patterns (fingerprint, palm and sole) which
deviated from normal in directions consistently found in DS. Moreover,

DAT is the only disorder, including a variety of neurologic, psychiatric,

and retarded control conditions, in which like deviations have been observed.
The only other group in which the similarities are significant are the
parents of DS cases, especially their mothers.

In addition, the rate of new onset seizures in DAT is reported to be
about 107% higher than the general age population, and between 5% and 15%
higher in older DS patients (Morris, 1985; Hauser, 1984; Tangye, 1979).
Other research has shown that similar chromosomal aberrations occur in DS
and DAT cells treated with bleomycin, a chemical that produces x-ray like
damage to DNA. This is ascribed to defective DNA repair mechanisms shared
by DS and DAT (Lijima et al., 1984; Hirsch et al., 1982)

SYNTHESTS

Available data concerning the overlapping pathological traits of DAT
and DS point not to a shared disease mechanism that results from a defective
gene(s) or product(s), but to pathologic results caused by increased amounts
of essentially normal products of genes located on a small area of chromo-
some 21. This interpretation is predicated on acceptance of a near 100%
incidence of phenotypic DAT in DS, and that the pathophysiology leading to
dementia is the same in the two conditions. We regard this as the most
parsimonious interpretion of the available evidence.

In 967 of cases, DS is caused by a trisomy of chromosome 21, while most
remaining cases result when a small segment of 21 becomes 'trisomic' due to a
translocation. It is known that virtually all of the phenotypic traits
commonly associated with DS can be caused by trisomy of only the 21922 area
of chromosome 21.

To date, three genetic loci have been mapped to this distal region of
the long arm of chromosome 21. They are the superoxide dismutase-1 enzyme
(SOD-1) (Epstein et al., 1982), the phosphoribosylglycinamide synthetase
enzyme (GARS) (Wiranowsha-Stewart and Stewart, 1977), and the interferon
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receptor complex (AVG-for "anti-viral gene") (Feaster et al., 1977). For
all three loci, DS cells produce more gene product than normal disomic
cells.

An analogous excess of gene product has been found in DAT in the case
of SOD-1. Theinhaus (1985) assayed SOD-1 activity in cultured skin fibro-
blasts derived from cases of DAT and DS, and normal control. He confirmed
Feaster's previous finding of increased SOD-1 activity in DS cells and also
showed that the SOD-1 activity was significantly increased in the DAT case.
Increased SOD-1 activity has also been demonstrated in brains from DAT cases
(Scott, 1986).

A like excess of AVG gene product has been sought but not consistently
demonstrated. Mowshowitz (1983), using cultured fibroblasts from three
familial DAT cases, found a wide variation in interferon sensitivity that
fell within the ranges noted in controls. Further studies using greater
numbers, a non-fibroblast or neuronal test system, and controls more closely
matched for age could be helpful since Tan (1975) has shown that the concen-—
tration of interferon needed to induce the AVG gene is decreased in fibro-
blast lines derived from persons over age 64 compared to those under age 30.

A conclusive demonstration of increased product from the inducible AVG
gene would go toward explaining the observed secondary phenotypic traits
common to DS and DAT. Increased levels of interferon receptor protein
produced at the AVG locus results in increased sensitivity of cells to
interferon (Epstein and Epstein, 1980). Lin (1980) has shown that inter-
feron inhibits epidermal growth factor, and thus may play a role in the
dermatoglyphic patterns shared by DAT and DS. Interferon can also induce
amyloidogenic proteins, and amyloid deposition is an important element in
the pathological plaques and tangles of DAT and DS (Maury et al., 1983).

The AVG gene product in excess has been implicated in nondisjunction. It is
known to secondarily be antimitogenic in lymphocytes, increase the frequency
of abortive mitoses, and interfere with cytokinesis (Pfeffer et al., 1980;
Maroun, 1980; Gajdusek, 1985).

Unfortunately, we know of no study that has measured the activity of
GARS in DAT cases.

MOLECULAR HYPOTHESIS

Excess gene product in DS is attributable to excess chromosomal DNA.
An excess of gene product in DAT which would account for the observed
phenotypic similarities between DAT and DS, could be produced in three known
ways: the critical sequence of DNA must either be (1) selectively increased
relative to the remainder of the genome, thus making more DNA available for
transcription; or (2) a normal disomic complement of DNA must be transcribed
at a proportionately increased rate; or (3) the mRNA product of the tran—
scription of the critical sequence must be more stable or translated at a
proportionately increased rate.

Theinhaus (1985) and Feaster et al. (1977) considered only the first
possibility and assumed increased SOD-1 activity was due to undiscovered
excess chromosome 21 material. Schweber has also proposed a "unitary
genetic hypothesis"” suggesting that a small segment of chromosome 21 is
tripled in DAT by an unknown mechanism. She also noted that the excess
chromosomal material should be discoverable in DAT.

We regard this hypothesis as unlikely. Exceptionally careful studies,

including those by Matsuyama and Jarvik, have explored this hypothesis since
the 1960's without positive result (Matsuyama, 1981; Frohlander and
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Adolfson, 1985). Further, in an attempt to measure variation in DNA content,
Cook-Deegan (1983) used uncultured lymphocytes taken freshly from familial
DAT cases, their unaffected though "at rusk" relatives, and unrelated
controls. (Previous studies had used cultured cells which allowed several
opportunities for artifacts to be introduced). Cook-Deegan found no correl-
ations between DNA concentrations and the presence or absence of DAT.

If a selective increase of DNA is ruled out, we are left with increased
transcription or translation of a subset of genes present in the 21q22 area
of chromosome 21. While these concepts have been virtually ignored, Sajdel-
Sulkowka et al. (1983) noted that mRNA species recovered from DAT brains were
translationally less active than their control counterparts. She had
isolated functionally active mRNA species to explore protein synthesis at
the molecular level, and to follow up on existing information concerning DNA
and RNA in brains of persons affected with senile DAT which indirectly
sugggested a protein synthesis deficit. While this data does not alone
provide a definitive basis on which to rule out increased translation of one
or a few specific mRNA species as primary pathologic event in DAT, it adds
support to our carefully considered decision to choose increased trans-
cription as the point at which to encourage research efforts.

To help focus this research, we hypothesize that a DNA enhancer
sequence inserts into a critical area of at least one of the chromosome 21
homologs of DAT victims. This sequence acts in cis to increase the
efficiency of transcription from a small subset of genes on the 21q22 area
independent of 3' or 5' orientation to the affected genes. Such an enhancer
could account for the observed increases in normal enzyme activity, could be
influenced by age or neuronal tissue specific factors, and could account for
the genetic observations of the family studies. Such a sequence, when
stably incorporated but have an apparently sporadic appearance when
recombination events brought inducible promoters of the relevant genes.

Since their discovery in the small DNA tumor virus, SB40, enhancer
elements have become increasingly well-known. Some of the best studied
enhancers reside within the long terminal repeat sequences (LTR's) of the
retroviruses (RNA tumor viruses). They have also been found within the
genomes of the polyoma, papilloma, BK and AIDS viruses, as well as the human
immunoglobin genes (Hamer and Khoury, 1983; Mercola et al., 1985).

It is known that various sequences contained in LTR's can activate
cellular proto-oncogenies following proviral integration. There is
increasing evidence that enhancer sequences occur naturally within the human
genome and are influenced by cell and tissue specific factors. They can
inflate transcription if diverse genes relatively independent of position
and orientation to the gene, can act over fairly large genomic distances,
and are known- to move about the fluid genome through genomic recombination.
In mature neurons which do not undergo mitosis, recombination, like proviral
integration, can take place during DNA repair (Johnson, 1982).

As Epstein (1983) has observed, previous attempts to consolidate
molecular mechanisms which lead to the etiology of the pathologies of both
DS and DAT into a single unifying entity have led to hypotheses that were
largely untestable. However, molecular genetic techniques now exist, and
additional methodologies are rapidly evolving that make this hypothesis
testable.

Sad jel-Sulkoska's studies are useful as a start because a test of an
hypothesis of increased transcription of a particular subset of genes would
be to demonstrate an increased amount of mRNA species from those genes.
These studies, which found an overall decreased amount of total mRNA species
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from the postmortem brains of severely demented senile DAT victims, in
conjunction with the decreased protein synthesis intuitively expected from
brains severely encumbered with dead and dying neurons, unfortunately cannot
be considered a definitive test for this hypothesis for several reasons.
First, as Sadjel-Sulkoska noted, unusual postmortem processing of mRNA may
occur that would affect both the recovery and translational activity of the
brain mRNA from DAT cases. In addition, it seems unlikely that the
sensitivity of the method would detect increased levels of mRNA from only a
tiny fraction of the genome in generally decreased pool.

Moreover, all of the brains were from severely affected SDAT cases.
The experimental design allows for the possibility that what is being
measured are secondary or late stage effects upon transcription or
translation or, both, rather than a critical primary pathological event.
This reservation is supported by Comar et al. (1981), whose preliminary
studies using L-(IIC) methionine incorporation kinetics shown a decline in
protein synthesis as dementia progresses. The in vivo incorporation of
methionine into protein of mildly demented patients was 58% of normal
compared to 30%Z in severely demented patients. It is also notable that
interferon depresses synthesis of mRNA and DNA (Sen. 1984).

More direct manipulation of the DNA sequence itself is needed and
recent work done by Hasse (Hasse et al., 1985) has advanced applicable
methods further. He has used cDNA and cloning techniques to identify a
single gene whose expression was increased in the brains of mice, and he has
accomplished preferential hybridization of a cloned DNA probe to both murine
brain cells and neuritic plaques of DAT victims. This research has also
confirmed Finch's (Finch, 1985) critical prediction that brain mRNA species
would demonstrate a remarkable postmortem stability that would invite the
aggressive use of molecular genetic technology.

Additional techniques are being employed, and studies are currently
underway in affiliated laboratories that will form the basis of critical
tests of this hypothesis. Using an SOD-1 gene probe and samples being
collected from DAT affected families, preliminary tests can begin to search
for restriction length polymorphism in these families with an eye toward
eventual fine mapping of the SOD-1 and AVG gene areas of chromosome 21 and
discovery of the presence or absence of genetic insertions in this area.

If in fact nature has graciously provided an elegant key to greater
understanding of the entire human genome through the concurrence of DAT and
DS, it behooves all to use our creative resources to utilize the
opportunity.
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INTRODUCTION

Scrapie and Creutzfeldt-Jacob disease (CJD) are caused by prions which
are different from both viruses and viroids. Prions have a protein required
for infectivity, but no nucleic acid has been found within them. Prion
proteins and a cellular homologue are encoded by a cellular gene and not by
a nucleic acid within the infectious prion particle. A cellular homologue
of the prion protein has been identified. The role of this homologue in
metabolism is unknown. Prion proteins aggregate into rod-shaped particles
that are histochemically and ultrastructurally identical to amyloid. Extra-
cellular collections of prion proteins form amyloid plaques in scrapie- and
CJD-infected brains. Within the plaques, amyloid filaments are composed in
part of prion proteins. Elucidating the molecular difference between the
prion protein and its cellular homologue may be important in understanding
the chemical structure and replication of prioms.

PRION DISEASE OF ANIMALS AND HUMANS

In developing models for the study of degenerative neurologic diseases,
we have focused our attention on the study of scrapie, a degenerative
neurologic disorder of sheep and goats. Scrapie occurs after a prolonged
incubation period and is readily transmissible to laboratory rodents. The
disease is characterized by progressive neurologic dysfunction caused by
degeneration of the CNS. Neuropathologic changes include proliferation of
glial cells, vacuolation of neurons and deposition of extracellular amyloid
in the form of placque.

Three degenerative human diseases similar to scrapie have been
described: kuru, CJD and Gerstmann-Strassler syndrome (GSS). All three of
these disorders are transmissible to experimental animals. Kuru presents as
a cerebellar ataxia (Gajdusek, 1977). Kuru appears to have been transmitted
during ritualistic cannibalism amongst New Guinea natives. CJD occurs at a
rate of one per million population throughout the world. It is a dementing
disorder much like Alzheimer's disease (AD), but in addition, myoclonus is
frequently seen. GSS presents much like kuru as a cerebellar ataxia
(Masters et al., 1981). Later, dementia becomes a prominent symptom of GSS
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prior to death. GSS is very rare and is apparently inherited as an
autosomal dominant trait. In all three of these human diseases, as well as
scrapie, the host remains afebrile, and there is no inflammatory response
despite an overwhelming and fatal CNS "slow infection.”

IMPROVED BIOASSAY FOR PRION PURIFICATION

The development of effective purification protocols of the infectious
particles causing scrapie is leading to an understanding of their chemical
structure (Prusiner et al., 1981; Prusiner et al., 1982a; Prusiner et al.,
1983; Prusiner et al., 1984). Numerous attempts have been made to purify
the scrapie agent over the past three decades (Mould et al., 1965; Hunter,
1972; Millson et al., 1976; Siakotos et al., 1976; Brown et al., 1978;
Diringer et al., 1983; Marsh et al., 1984). Few advances in this area of
investigation were made until a relatively rapid and economical bioassay was
developed (Prusiner et al., 1980; Prusiner et al., 1982b). This bioassay
based on incubation times was a seminal advance in studies on the chemical
and physical properties of the scrapie agent. Over a period spanning nearly
a decade, our investigations of the molecular properties of the scrapie
agent have been oriented toward developing effective procedures for
purification. Our studies first determined the sedimentation properties of
the scrapie agent in fixed angle rotors and sucrose gradients (Prusiner et
al., 1977; Prusiner et al., 1978a; Prusiner et al., 1978b), then extended
those findings and demonstrated the efficacy of nuclease and protease
digestions as well as sodium dodecyl sarcosinate gel electrophoresis in the
development of purification protocols (Prusiner et al., 1980a; Prusiner et
al., 1980b). Once a 100-fold purification was achieved, convincing evidence
was obtained demonstrating that a protein is required for infectivity
(Prusiner et al., 1981; McKinley et al., 1981).

PRIONS ARE NOVEL INFECTIOUS PATHOGENS

Progress in purification of the scrapie agent allowed us to establish
that a protein molecule is required for infectivity. No dependence of
infectivity upon a nucleic acid has been demonstrated. Based upon these
observations, the term prion was suggested in order to distinguish this
class of novel infectious pathogens from viruses and viroids (Prusiner,
1982). Prions are defined as "small proteinaceous infectious particles that
resist inactivation by procedures which modify nucleic acids.” This is an
operational definition; it does not prejudge the chemical composition of the
scrapie except to state that is does contain a protein.

Some investigators have misinterpreted the term prion. They have used
prion to signify infectious proteins (Manuelidis et al., 1985; Carp et al.,
1985) or even as a synonym for scrapie-associated fibrils (Multhaup et al.,
1985). This misuse of the term prion has led to confusion and is
inappropriate.

SCRAPIE PRIONS CONTAIN A SIALOGLYCOPROTEIN

In our search for a scrapie-specific protein, discontinuous sucrose
gradients in vertical rotors were substituted for gel electrophoresis
(Prusiner et al., 1982a), resulting in the first identification of a
macromolecule which appears to be a component of the scrapie prion (Bolton
et al., 1982; McKinley et al., 1983; Prusiner et al., 1983; Prusiner et al.,
1984; Bolton et al., 1984). Many lines of evidence indicate that PrP 27-30
is both required for and inseparable from infectivity. This molecule is a
sialoglycoprotein designated PrP 27-30 (Bolton et al., 1985). The
development of a large-scale purification protocol has allowed us to
determine the N-terminal sequence of PrP 27-30 and to raise antibodies
against it (Prusiner et al., 1984; Bendheim et al., 1984; Bendheim et al.,
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1985). Other investigators using purification steps similar to those
developed by us have apparently demonstrated the presence of this protein in
their preparations (Diringer et al., 1983).

Many lines of evidence indicate that PrP 27-30 is both required for and
inseparable from scrapie infectivity (Prusiner et al., 1983; McKinley et
al., 1983; Prusiner et al., 1984; Bolton et al., 1984). First, PrP 27-30
and scrapie prions copurify; PrP 27-30 is the most abundant macromolecules
in purified preparations of prions. Second, PrP 27-30 concentration is
proportional to prion titer. Third, procedures that denature, hydrolyze or
selectively modify PrP 27-30 also diminish prion titer; The molecular
properties of PrP 27-30 mirror those of the infectious prion. Fourth,
recent studies with inbred strains of mice indicate that the cellular gene
encoding PrP 27-30 is linked to a gene which controls the length of the
scrapie incubation times (Carlson et al., 1986).

SEARCH FOR A PRION GENOME

The size of the smallest infectious unit remains controversial, largely
because of the extreme heterogeneity and apparent hydrophobicity of the
scrapie prion (Prusiner, 1982; Diringer and Kimberlin, 1983; Prusiner, 1984;
Rohwer, 1984). Early studies suggested a molecular weight of 60,000 to
150,000 (Alper et al., 1966). While an alternate interpretation of that
data has been proposed (Rohwer, 1984), there is no firm evidence to suggest
that these molecular weight calculations are incorrect. In fact, sucrose
gradient sedimentation, molecular sieve chromatography and membrane
filtration studies all suggest that a significant portion of the infectious
particles may be considerably smaller that the smallest known viruses
(Prusiner, 1982; Rohwer, 1984). However, the propensity of the scrapie
agent to aggregate makes molecular weight determinations subject to
artifact.

Some investigators have identified a 4.3 S RNA in density gradient
fractions from scrapie-infected brain which appears to be absent in
uninfected brains based on fingerprinting studies (German et al., 1985; Dees
et al., 1985). We have failed to identify a similar molecule in our
purified preparations of scrapie prions (K. Gilles, D. Riesner and S.B.
Prusiner, unpublished data). Other investigators have repeatedly suggested
that the scrapie agent is the first example of a filamentous animal virus
(Rohwer, 1984; Merz et al., 1984). Our studies show that the molecular
properties of scrapie prions with respect to nucleic acids are antithetical
to those of the filamentous bacteriophage M13 and the rod-shaped plant
viruses, tobacco mosaic virus and potato X virus (McKinley et al., 1986;
C.G. Bellinger-Kawahara, T.O. Diener and S.B. Prusiner, in preparation).

CELLULAR GENE ENCODES PRION PROTEINS

A cDNA encoding PrP 27-30 has been used as a probe to show that the
gene for PrP is found in healthy uninfected hamsters (Oesch et al., 1985).
From the cloning of cDNAs and genomic DNA encoding PrP, a primary sequence
for the prion protein has been deduced. When limited proteinase K digestion
is used during purification of prions, the N-terminal -67 amino acids of the
scrapie protein designated PrP 33-35Sc are removed and PrP 27-30 is
generated (Oesch et al., 1985). Whether or not the C-terminus is slightly
truncated during this digestion remains to be established. The primary
sequence of the prion protein is unique and is clearly different from that
of known proteins.

The cloned PrP cDNA has been used to search for a complementary nucleic

acid within purified preparations of prions (Oesch et al., 1985). To date,
we have failed to identify either a PrP-related DNA or RNA molecule in these
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preparations. Assuming PrP is a component of the infectious scrapie
particle, our observations demonstrate that scrapie prions are not typical
viruses. As noted, we still cannot eliminate the possibility of a small.
nongenomic nucleic acid which lies highly protected within the prion core.

PrP-related candidate genes have been detected by hybridization on
Southern blots in scrapie and CJD susceptible hosts such as sheep, goats,
mice, rats, cats and humans (Oesch et al., 1985; Westaway and Prusiner,
1986). In addition, PrP-related sequences have been found in the DNA of
Drosophila, nematodes and yeast (Westaway and Prusiner, 1986). The
widespread presence of the PrP gene amongst eukaryotes suggests that its
cellular product (PrPc) may have an important role in normal metabolism.

CELLULAR AND SCRAPIE PRION PROTEIN ISOFORMS

Molecular cloning studies led to the discovery of PrP 33-35C, the
cellular isoform of the prion protein. This protein can be distinguished
from PrP 33-35c, by its sensitivity to proteases and its inability to
polymerize into amyloid filaments (Table 1) (Oesch et al., 1985;Meyer et
al., 1986). The role of PrP 33-35C in cellular metabolism is unknown. The
scrapie prion protein,Prp 33-35c, accumulates to high levels in infected
brains and forms amyloid filaments. Proteolytic digestion converts PrP 33-
35¢c to PrP 27-30 which is relatively resistant to further digestion (Oesch
et al., 1985). PrP 33-35C appears to be an integral membrane protein, while
PrP 33-35Sc is an amphiphatic protein displaying characteristics of both an
integral membrane protein and a filamentous protein (Meyer et al., 1986).
How the accumulation of PrP 33-35Sc disrupts cellular metabolism and central
nervous system (CNS) function is unknown. PrP mRNA levels remain constant
during scrapie infection. Only a single 2.1 kb mRNA has been detected in
hamsters by norther blotting (Oesch et al., 1985). Similar results from
scrapie-infected mouse brain poly (A+) have been reported by other
investigators (Chesebro et al., 1985). In situ hybridization has shown that
PrP mRNA within brain is largely confined to neurons (Kretzschmar et al.,
1986). The same mRNA is found at lower levels in organs outside the CNS
(Oesch et al., 1985).

Table 1. Cellular and scrapie prion protein isoforms

Properties PrP 33-35C PrP 33-35Sc
Uninfected brain Present Absent
Scrapie brain Level unchanged Accumulates
Concentration* <1 ug/g 10 ug/g
Purified prions Absent 10

molecules/ID

Genetic origin
mRNA

Cne cellular gene
2.1 kb

Une cellular gene
2.1 kb

Localization
Intracellular Membrane-bound Membrane-bound
Extracellular None Amyloid filaments
with plaques
Detergent extraction Soluble Amyloid rods
formed
Protease digestion Degraded Converted to
PrP 27-30"

*Expressed as micrograms of prion protein per gram of brain tissue.
“PrP 27-30 is derived from PrP 33-35SC during proteinase K digestion
in the absence or presence of detergent.



Whether or not prions contain macromolecules other than PrP 33-35Sc
remains to be established. The apparent biologic properties of prions argue
in favor of a small nucleic acid, but there is no physical or biochemical
evidence for such a molecule (Prusiner, 1982; Prusiner, 1984). How proins
replicate is unknown. Understanding the chemical differences between PrP
33-35c and PrP 33-35Sc will be important in unraveling the mechanism of
prion biosynthesis.

The discovery of PrP 33-35C explains one of the most interesting, yet
perplexing, features of scrapie. This slow infection progresses in the
absence of any detectable immune response (McFarlin et al., 19873; Kasper et
al., 1981). Since PrP 33-35C and PrP 33-35Sc share epitopes, PrP 33-35C
probably renders the host tolerant to PrP 33-35Sc (Oesch et al., 1985).

ULTRASTRUCTURAL MORPHOLOGY OF PRION AGGREGATES

Many investigators have used the electron microscope to search for a
scrapie-specific particle. Spheres, rods, fibrils and tubules have been
described in scrapie, kuru and CJD-infected brain tissue (David-Ferreira et
al., 1968; Field, et al., 1969; Bignami and Parry, 1971; Lampert et al.,
1971; Narang, 1974; Baringer and Prusiner 1978; Vernon et al., 1979).
Notable amongst the early studies are reports of rod-shaped particles in
sheep, rat and mouse scrapie brain measuring 15 to 26 nm in diameter and 60
to 75 mm in length (Narang, 1974). Studies with ruthenium red and lanthanum
nitrate suggested that the rod-shaped particles possessed polysaccharides on
their surface; these findings are of special interest since PrP 27-30 has
been shown to be a sialoglycoprotein (Bolton et al., 1985).

In purified fractions prepared from scrapie-infected brains, rod-shaped
particles were found measuring 10 to 20 nm in diameter and 100 to 200 nm in
length (Figure 1) (Chesebro et al., 1985). Although no unit morphologic
structure could be identified, most of the rods exhibited a relatively
uniform diameter and appeared as flattened cylinders. In the fractions
containing rods, one major protein (PrP 27-30) and 10 ID units of
prions per ml were also found (Table 2). The high degree of purity of our
preparations demonstrated by radiolabeling and SDS polyacrylamide gel
electrophoresis indicated that the rods are composed of PrP 27-30 molecules.
Since PrP 27-30 had already been shown to be required for and inseparable
from infectivity (McKinley et al., 1983), we concluded that the rods must be
a form of the prion (Prusiner et al., 1983). Recent immunoelectron
microscopic studies using antibodies raised against PrP 27-30 have confirmed
that the rods are composed in part of PrP 27-30 molecules (Barry et al.,
1985).

Table 2. Prion rods contain PrP 27-30 molecules

1. Fractions with high prion titers contain one protein, PrP 27-30, by
sodium dodecyl sulfate polyacrylamide gel electrophoresis and rods by
electron microscopy (Prusiner et al., 1982a; Prusiner et al., 1983).

2. Gas phase sequencing of the prion rods give the same N-terminal
sequence as found for PrP 27-30 (Prusiner et al., 1984).

3. Antibodies raised against PrP 27-30 or synthetic peptides
corresponding to portions of the PrP 27-30 sequence decorate the
prion rods (Barry et al., 1985).

4. Boiling purified fractions in sodium dodecyl sulfate causes the rods

to disappear, PrP 27-30 to become protease-sensitive and the prion
titer to diminish (Prusiner et al., 1983; Kretzschmar et al., 1986).
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Fig. 1. Ultrastructure of Prion Rods Isolated From Sucrose Gradients.
Electron micrograph of negatively stained scrapie prion rods in
fractions from discontinuous sucrose gradients. Scrapie prion
titer was >109.5 IDg5g units/ml. Bar = 100 nm.

POLYMORPHIC FORMS OF PRIONS

Several experimental approaches indicate that the prion rods are not
the smallest infectious unit. First, no elongated structures similar to
prion rods could be identified in 10% homogenates of scrapie-infected
hamster brains. Second, microsomal fractions contained no rods associated
with prion infectivity. Third, detergent extraction of microsomal membranes
isolated from scrapie-infected hamster brains was accompanied by the
formation of prion rods (Figure 2). Thus, the prion rods in our purified
fractions result from the detergent extractions used during purification.
Sonication of the prion rods reduced their mean length to 60 nm and
generated many spherical particles without altering infectivity titers
(McKinley edt al., 1986). Sedimentation of these sonicated fractions into
sucrose gradients resulted in a distribution of particles ranging from small
spheres at the top (8 nm diameter) to relatively undisrupted rods at the
bottom. Prion infectivity was associated with each fraction such that the
relationship between protein concentration and prion titer remained constant
throughout the gradient. These studies demonstrated that elongated
structures were not necessary for scrapie infectivity. In contrast,
fragmentation of M13 filamentous bacteriophage by brief sonication reduced
infectivity significantly.

Spherical particles have been found within postsynaptic evaginations of
the brains of scrapie-infected sheep and mice as well as CJD-infected humans
and chimpanzees (David-Ferreira et al., 1968; Bignami and Parry, 1971;
Lampert et al., 1971; Baringer and Prusiner, 1978); these particles measured
23 to 35 nm in diameter. Since sonication fragmented prion rods and
generated spheres measuring 10 to 30 nm in diameter (McKinley et al., 1986),
the question arises as to whether or not the spherical particles observed in
brain tissue are related to the spheres generated by sonication of the prion
rods.

It seems doubtful whether electron microscopic studies to date have

been able to demonstrate the smallest infectious unit or fundamental
particle of the scrapie prion; certainly, the morphology of the unit
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structure has not been identified. The extreme morphologic heterogeneity of
the rods is inconsistent with the recently advanced hypothesis that prions
are filamentous viruses (Merz et al., 1984).

Fig. 2. Detergent Solubilization of Scrapie-~Infected Brain Microsomes
Produces Prion Rods. Both panels depict rods formed after
addition of Sarkosyl to a concentration of 2% (w/v). All
specimens were negatively stained with uranyl formate. Bars =
100 mm.

PRION RODS AND FILAMENTS ARE AMYLOID

The ultrastructure of the prion rods is indistinguishable from many
purified amyloids (Prusiner et al., 1983). Histochemical studies with Congo
red dye have extended this analogy in purified preparations of prions
(Prusiner et al., 1983) as well as in scrapie-infected brains where amyloid
plaques have been shown to stain with antibodies of PrP 27-30 (Bolton et
al., 1985; DeArmond et al., 1985). Amyloid plaques have also been found in
three transmissible disorders similar to scrapie and CJD: kuru and GSS of
humans as well as chronic wasting disease of mule deer and elk (Klatzo et
al., 1959; Hunter, 1972; Bahmanyar et al., 1985). Recent studies have shown
that PrP antisera stain amyloid plaques in human CJD and GSS brains as well
as rodent brains with experimental CJD (Kitamoto et al., 1986). These
findings raise the possibility that Prion-like molecules might play a
causative role in the pathogenesis of nontransmissible disorders such as
Alzheimer's disease (Prusiner, 1984). Amyloid proteins are prevalent in
Alzheimer's disease, but for many decades these proteins have been
considered a consequence rather that a possible cause of the disease.

Immunocytochemical studies with antibodies to PrP 27-30 have shown that
filaments measuring approximately 16 mm in diameter and up to 1,500 nm in
length within amyloid placques of scrapie-infected hamster brain composed in
part of prion proteins (DeArmond et al., 1985). The antibodies to PrP 27-30
did not react with neurofilaments, glial filaments, microtubules and micro-
filaments in brain tissue. The prion amyloid filaments have a relatively
uniform diameter, rarely show narrowings and possess all the morphologic
features of amyloid. Except for their length, they appear to be identical
unltrstructurally to the rods which are found in purified fractions of
prions.
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Abnormal structures, labeled scrapie—associated fibrils, were
distinguished from other filamentous structures in extracts of scrapie-
infected rodent brains by their characteristic and well defined morphology
(Merz et al., 1981). Published electron micrographs show 2 or 4
subfilaments wound into two types of helical fibrils of 300 to 800 nm in
length exhibiting a regular periodicity. Type I fibrils contain 2
subfilaments, measure 12 to 16 nm in diameter and exhibit a perioditicy of
40 to 60 nm; type II contain 4 subfilaments, measure 27 to 34 mm in diameter
and exhibit a periodicity of 80 to 110 nm. Based on their extensive
ultrastructural characteristics, the unique fibrils have been reported
repeatedly to be different from amyloid (Merz et al., 1981; Merz et al.,
1983). Attempts to stain the fibrils with Congo red dye have yielded
negative results (Merz et al., 1981; Merz et al., 1983; Merz et al., 1984);
however, even a positive result would have been uninterpretable because of
impurities in the extracts.

No particles with the ultrastructural morphology of scrapie-associated
fibrils have been found either in thin sections of scrapie-infected brain or
in purified preparations of scrapie prions. Some investigators have used
the scrapie-associated fibrils (Diringer et al., 1983a; Kimberlin, 1984) to
describe the rod-shaped particles found in purified preparations of prioms
(Prusiner et al., 1982a; Prusiner et al., 1983). Renaming the prion rods is
both confusing and misleading (Multhaup et al., 1985). It suggests that
scrapie~associated fibrils as originally described are amyloid (Somerville,
1985) and that they are found in purified fractions of prions (Diringer et
al., 1983a); neither statement is true. Some investigators have suggested
that scrapie-associated fibrils are filamentous animal viruses (Chesebro et
al., 1985) while others claim that they are pathologic products of infection
(Multhaup et al., 1985). We believe the term scrapie-associated fibrils
should be reserved for those abnormal structures meeting the morphologic
criteria set forth in originally defining the fibrils (Merz, et al., 1981).
With respect to the prion rods, considerable data indicates that they are
neither filamentous viruses or pathologic products of infection.

THE PRION HYPOTHESIS

New knowledge about the molecular structure of scrapie prions is
beginning to accumulate rapidly. If prions were typical viruses, then they
should contain a genomic nucleic acid which encodes PrP 27-30. They do not!
To explain the apparent biological diversity of prions, a small, nongenomic
nucleic acid which does not encode PrP 27-30 has been proposed; however,
ther continues to be no chemical or physical evidence to indicate the
existence of such a nucleic acid. Alternatively, prions may be devoid of
nucleic acid. Information for the synthesis of new prion proteins is
encoded within the host genome. A cloned PrP cDNA as well as antibodies to
the protein provide new tools with which to extend our investigation of the
chemical structure of prioms.

Once it is determined whether or not prions contain other macro-
molecules besides glycoproteins, chemical studies to determine the molecular
mechanisms by which prions reproduce and cause disease should become
possible. 1Indeed, efforts to purify and characterize the infectious
particles causing scrapie and CJD have yielded important new information
about the structure and biology of prions
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INTRODUCTION

Alzheimer's disease (AD), Parkinson's disease (PD) and Down syndrome
(DS) are distinct nosological entities. They are distinguishable
clinically and pathologically, with the exception that the brain from a
DS individual over the age of 35-40 years shows pathological changes
that cannot be distinguished from those found in AD patients' brains
(Malamud, 1966; Heston, 1977; Liss et al., 1980; Wisniewski K., et al.,
1985). This is true whether or not the DS patient had a clinically
recognized dementia during 1life. Dementia defines the clinical
symptomatology of AD, so the incidence of dementia in this disease is
100%Z. 1In the DS population over the age of 40 years the incidence of
dementia is uncertain, but appears to be at least 15-30% (Wisniewski K.
et al., 1985; Oliver and Holland, 1986) and in PD the incidence of
dementia is reported in the literature to be anywhere from 20-90%
(Lieberman et al., 1979; Huber et al., 1986). Shared neuropathologic
features suggest that a common mechanism may be responsible for select
aspects of the neurodegenerative changes seen in these three disorders.
This is not to imply that they share etiologies, but rather that several
diverse factors may act separately to produce similar clinical and
pathological features. This review will concentrate on these shared
morphological features in Alzheimer's disease, Parkinson's disease, and
Down syndrome.

ALZHEIMER'S DISEASE

The microscopic pathology of AD is characterized by the abundant
occurrence of neuritic (senile) plaques, neurofibrillary tangles (NFT),
granulovacuolar degeneration of neurons and congophilic angiopathy.
Plaques and tangles are found in characteristic locations throughout the
brains of AD victims, but they also occur in reduced numbers and in a
more topographically restricted distribution in the brains of normal
aged persons. Autosomal dominant cases of AD, although uncommon,
usually have an earlier onset, more rapid progression, and denser
accumulation of amyloid and NFT (Feldman et al., 1963; Nee et al.,
1983). This suggests that the mechanisms responsible for the formation
of plaques and tangles may have relevance beyond AD and that
understanding these mechanisms might contribute to a broader discussion
of normal and aged neuronal function, dysfunction and cell death.
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Separately, plaques and tangles can be found in diseases other than
AD. However, the only conditions in which these two lesions occur
together in abundance are AD and Down syndrome (Malamud, 1966; Heston,
1977; Liss et al., 1985, Wisniewski K. et al., 1985). The brains of DS
individuals over the age of 40 years uniformly show AD neuropathology
irrespective of the presence or absence of clinical dementia. Amyloid
plaques are also a conspicuous feature of the transmissible spongiform
encephalopathies (Masters et al., 1981, Bendheim et al., 1984). These
include Creutzfeldt-Jakob disease, Gerstmann—Straussler syndrome and
kuru of humans and scrapie in animals. Tangle formation is seen in
post—encephalitic Parkinson's disease, the Parkinsonism—dementia complex
of the Chamorro natives on Guam, certain viral infections, tuberous
sclerosis, Hallervorden—Spatz disease, dementia pugilistica, and several
other neurologic disorders. The above lists should serve to emphasize
that plaques and particularly tangles are not markers of specific
etiologic processes, but rather that they are the final pathological
products of abnormal mechanisms which can be triggered in various ways.

Neuritic (senile) plaques are classified as (1) immature,

(2) mature, and (3) amyloid, compact or "burned out" (Wisniewski, H. et
al., 1986). This nomenclature conceptualizes the hypothesis that the
various forms of these plaques are a reflection of stages in their
evolution. It seems probable that at a molecular level the constituent
proteins are present in related, but different forms depending on the
age of the plaque. Immature or young plaques have amyloid fibrils that
are diffuse and not yet compacted into a central core. The fibrils are
found dispersed among microglia, and other reactive cells. Microglia
may play a role in the processing of the amyloid proteins or their
precursors. Mature plaques have a central core of amyloid surrounded by
astrocytes, microglia and neuronal processes (neurites) in various
stages of degeneration and regeneration. The amyloid plaque consists of
a dense, amyloid core with very few or no surrounding abnormal neurites.

Neurofibrillary tangles are fibrous structures located within the
cytoplasm of neurons and their processes. They consist primarily of
paired helical filaments (PHF). Tangles, as noted above, are present
excessively in AD brain, but are found also in other conditions
(Wisniewski, K., et al., 1979). Tomlinson et al. (1970) correlated the
density of tangles in brain tissue with the degree of dementia noted
during life in Alzheimer's disease patients.

PHF are paired pathological fibrils in which each filament measures
10-12 nm in diameter and is helically wound around its partner (Kidd,
1963; Terry, 1963; Wisniewski, H., et al., 1984; Wischik et al., 1985).
The total PHF diameter is therefore 20-24 nm and has repeating nodes at
80 nm intervals. Negative stain electron microscopic studies using
ultrathin sections have revealed that each 10-12 nm PHF is constructed
from four protofilaments. Bundles of straight filaments, 10-20 nm in
diameter, can coexist with PHF within tangles (Yagashita et al., 1981;
Yoshimura et al., 1984). Antibodies specific for PHF also stain these
straight filaments suggesting that they may share amino acid sequences
(Rasool and Selkoe, 1985; Perry et al., 1986).

The morphological characteristics of PHF differ from those of normal
neurofilaments and neurotubules. NFTs, like neuritic plaque amyloid,
demonstrate affinity for congo red stain and show green-red
birefringence in polarized light. Additionally, X-ray diffraction
studies of PHF and extraneuronal amyloid fibers isolated from AD brain
demonstrated evidence of a B-pleated sheet type of protein conformation
(Kirschner et al., 1986). Normal neurofilaments do not have these

88



amyloid properties. Recently it was shown that a constituent of PHF is
the microtubule associated protein, tau (Brion et al., 1985;
Grundke-Iqbal et al., 1986a; Kosik et al., 1986; Nukina and Ihara, 1986;
Wood et al., 1986). It appears that tau protein is abnormally
phosphorylated in PHF (Grundke-Iqbal et al., 1986b; Ihara et al., 1986).
Whether or not this abnormal phosphorylation is responsible for the
formation of PHF from tau, and perhaps other proteins, is not known.

A prominent feature of PHF is their relative resistance to
solubilization. This can be considered an "in vitro" correlate to their
natural resistance to degradation within the brain. Whether this
accumulation is secondary to a failure of normal degradation mechanisms
or is an intrinsic property of PHF themselves is not known. Their
resistance to solubilization can be used as an argument that it is an
intrinsic property of the filament. PHF are relatively unaffected by
proteases, denaturing detergents, reducing agents, urea, chaotropic
chemicals, and 0.2N HCl (Goni et al., 1984; Yen and Kress, 1983).
Solubilization of PHF was achieved using sonication and heating in the
presence of SDS and B-mercaptoethanol (Igbal et al., 1984).

PHF appear to be distinct morphologically from the amyloid fibrils
found in both the plaques and vascular walls of AD brains (Merz et al.,
1983). Amino acid sequencing of an AD vascular amyloid protein
demonstrated that this protein did not share homology with other known
amyloid proteins (Glenner and Wong, 1984). Later, similar amino acid
composition and N-terminal sequences for plaque amyloid and a subunit
protein of PHF (Masters et al., 1985) were reported. This led to the
suggestion that PHF, plaque amyloid and cerebrovascular amyloid in AD
contain deposits of the same protein (Kidd et al., 1985; Masters et al.,
1985). Other workers using biochemical and immunocytochemical methods
could not confirm these data (Grundke-Igbal et al., 1986a; Selkoe et
al., 1986).

Immunohistochemical studies have demonstrated that some antisera to
microtubules and neurofilaments identify antigenic sites on NFTs. The
145 KDa and 200 KDa neurofilament polypeptides, but not the 68 KDa
neurofilament protein, have been shown to share epitopes with PHF
(Anderton et al., 1982; Perry et al., 1986). The microtubule associated
protein, tau, shares antigenic sites with PHF and, as noted above, an
abnormally phosphorylated form of tau appears to be a constituent of
PHF. MAP-2 (microtubule-associated protein-2) also shares epitopes with
NFT (Kosik et al., 1984; Perry et al., 1985). Although the exact
relationships between these normal neuronal proteins and NFT is not
completely elucidated, it appears now that normal cytoskeletal proteins
or abnormal variants of these proteins are intimately associated with,
and probably actually constitute, a significant portion of PHF. Whether
this occurs as a consequence of deranged transcriptional, translational,
post—translational, or other regulatory processes, is not known.

AD has not been transmitted to any experimental animal (Goudsmit et
al., 1980) and the amyloid plaques in AD are not identified by an
antisera that stains amyloid plaques in scrapie and the other
transmissible spongiform encephalopathies (Roberts et al., 1986). The
major proteins of the agents causing scrapie and Creutzfeldt-Jakob
disease (CJD) are derived from host cellular proteins (Oesch et al.,
1985; Bassler et al., 1986; Liao et al., 1986), but the gene encoding
the human CJD amyloid protein is on chromosome 20, not on chromosome 21
(Liao et al., 1986). These data argue against the suggestion that AD
could be caused by a transmissible agent similar to the agents of
scrapie and CJD (Prusiner, 1984). However, that all well characterized
amyloid proteins, including the cerebrovascular and plaque amyloid of AD
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(Robakis et al., 1987), are derived from normal protein precursors
suggests that similar abnormalities in protein metabolism might explain
amyloid formation in AD, scrapie, and CJD (Wisniewski et al., 1986).

DOWN SYNDROME

Down syndrome (DS) has an estimated incidence of 1-1.3 per 1000 live
births. Among the host of abnormalities which may be seen as an
expression of the chromosomal disorder (trisomy 21) underlying this
syndrome, only mental retardation is seen in all DS individuals (Ropper
and Williams, 1980). 1Increasingly, DS individuals are living into
middle age and in this population a striking incidence of clinical and
pathological Alzheimer's disease has been documented (Malamud, 1966;
Liss et al., 1980; Wisniewski K. et al., 1985; Oliver and Holland,
1986). The true incidence of clinical AD dementia in the older DS
population is not known, but appears to be 15-30%, perhaps higher (Scott
et al., 1983; Wisniewski, K. et al., 1985). Virtually 100% of brains
examined from DS patients over the age of 40 years satisfy current
pathological criteria for AD (Malamud, 1966; Heston, 1977; Liss et al.,
1980; Wisniewski, K. et al., 1985). Why a greater percentage of these
individuals are not demented during life is not known.

The microscopic examination of the brains of older DS individuals
reveals senile plaques and neurofibrillary tangles in a pattern
indistinguishable from the pattern seen in a non-DS patient's brain with
AD. Plaques have been noted even in the second decade in some DS cases.
Malamud studied 35 brains from subjects with DS over the age of 40 years
and found AD pathology in all. A morphometric study of 100 DS brains
was reported by K. Wisniewski and colleagues. AD pathology was present
in 49 of 49 brains from patients above 30 years of age, while 7 of 50
brains from cases below 30 years satisfied neuropathological criteria
for AD. In the frontal cortex and hippocampus the mean number of
plaques increased markedly in the 31-40 years old brains, but a similar
rise in tangle concentration was not observed until 51-60 years. We
could find no evidence in the literature for such a primacy of plaques
over neurons with neurofibrillary changes in the brains of aging and/or
dementing persons without DS. Recent studies from our and other
laboratories have demonstrated that a gene on chromosome 21 encodes the
precursor of the amyloid protein which accumulates in blood vessel walls
and neuritic plaques. The discovery of the amyloid gene on chromosome 21
appears to provide evidence, for the first time, for a gene dose effect
on neuritic plaque formation and for a direct genetic link between DS
and AD (Robakis et al., submitted). Thirteen of 49 patients older than
30 years (27%) had been diagnosed as demented and these braiﬁf confained
more than twenty plaques or plaques and tangles per 1.5 x 10" um of
cerebral cortex. These authors suggested that in DS patients, as is the
case in non-DS AD patients, a correlation exists between clinical
dementia, the number of plaques and tangles, and age. However, the DS
people appear to better tolerate the increased number of plaques and
tangles than do non-DS aged people.

The accumulation of AD changes in the brains of DS individuals
occurs in the setting of a brain already abnormal, in contradistinction
to the non—-DS AD patient. Brains of DS subjects are below normal in
weight (Wisniewski, K. et al., 1985), appear grossly smaller by
radiological and pathological examination (Wisniewski, K. et al., 1982),
and contain a reduced number of neurons (Ross et al., 1984). This
reduction in neurons is most pronounced in the granular layers of the
visual cortex (Takashima et al., 1981). Other changes also are evident
microscopically. Dendritic spines and average dendritic length are
reduced and this dendritic atrophy has been proposed as a major
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contributing factor to the mental retardation seen in DS (Becker et al.,
1986).

Abnormalities of the nucleus basalis of Meynert (nbM) have been
noted in AD brains (Whitehouse et al., 1981; Arendt et al., 1983).
Neurons in this nucleus provide a major cholinergic input via their
projections to the neocortex. That a cholinergic deficit may be
responsible for some AD symptoms is strengthened by reports of
therapeutic efficacy by a potent central acting anticholinesterase drug
(Summers et al., 1986). The number of neurons in the nbM was reduced in
brain sections from five DS patients, varying in age from 16 to 56
years, as compared to controls (Casanova et al., 1985). However,
whether low nbM neuron counts reflect developmental nbM hypoplasia in DS
or a progressive loss of nbM in neurons such as occurs in AD is
uncertain,

There have been limited biochemical comparisons made between the
plaques, tangles and their constituent macromolecules from DS brains
with AD and non—-DS AD. The cerebrovascular amyloid protein from one
adult case of DS was isolated, purified and analyzed by amino acid
sequencing (Glenner and Wong, 1984). It was shown to share sequence
homology with a protein isolated and sequenced from AD cerebrovascular
amyloid. Subsequently, the amyloid core protein in AD and DS were
partially characterized (Masters et al., 1985). Amino acid
compositions, molecular masses, and N-terminal sequences of this protein
were found to be nearly identical to the cerebrovascular amyloid protein
of AD and DS (Glenner and Wong, 1984). It has been suggested that a
genetic defect in AD, by analogy with DS, could be localized on human
chromosome 21 (Heston, 1977; Glenner and Wong, 1984). A cDNA probe
generated from the N-terminal sequence of AD cerebrovascular amyloid
hybridizes to chromosome 21 and would appear to confirm this prediction
(Robakis et al., 1987). As indicated above amyloid plaque deposits are
found at early ages in DS and the gene for this amyloid protein maps to
chromosome 21. There may be a causal relationship between the gene
dosage effect seen in trisomy 21 and Alzheimer neuropathology.

PARKINSON'S DISEASE

Dementia is now recognized to occur in a significant percentage of
PD patients. Estimates of the incidence of dementia in PD range from 20
to 90Z (Lieberman et al., 1979; Huber et al., 1986). A long-standing
debate has centered upon the question of whether the dementia seen in
patients with PD is an integral feature of the disease, the expression
of concomitant AD or represents another disorder (Hakim and Mathieson,
1979; Lieberman et al., 1979; Boller et al., 1980; Mayeux, 1982; Perry
et al., 1985; Huber et al., 1986; Whitehouse, 1986). PD is an
age—associated disorder and it is not surprising that some patients also
develop AD neuropathology with or without cognitive deficiency. Even
so, the incidence of dementia in PD is greater than one would predict if
dementia was not an integral part of PD, or if PD did not predispose to
the development of dementia.

The essential pathologic changes in the brains of PD patients are
the degeneration of pigmented nerve cells in the substantia nigra, locus
coeruleus, and dorsal nucleus of the vagus, and the occurrence of Lewy
bodies (Forno and Alvord, 1971). Lewy bodies are eosinophilic
inclusions found in neurons and their processes, primarily in the
substantia nigra, but also in the dorsal motor nucleus of the vagus.
Lewy bodies, examined by electron microscopy, consist of filaments
compacted into cores of variable density (Duffy and Tennyson, 1965).
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The systemic administration of the neurotoxin MPTP (l-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine) accurately reproduced the patholo-
gical changes of PD in squirrel monkeys (Forno et al., 1986).

Relevant to a discussion of shared pathological features between AD,
and PD is the subset of PD patients with the postencephalitic form of
the disease. The virus responsible for postencephalitic PD has not been
identified. Most cases followed the pandemic of encephalitis lethargica
which occurred in 1916-1927. This disease is an example of a
neurodegenerative disorder developing, in some cases after many years,
as a sequel to a viral infection. Brains from these patients contain
Lewy bodies and a decreased number of striatal neurons, but they also
show accumulation of neurofibrillary tangles (Forno and Alvord, 1971).
Neurofibrillary tangles found in neurons in postencephalitic PD and
studied by tilt-stage electron microscopy were demonstrated to be
composed of paired helical filaments (Wisniewski, H. et al., 1976).
These tangles closely resemble the tangles of AD and DS. The frequency
of dementia in a large series of patients was 26% in the
postencephalitic group versus 29% in the idiopathic group (Mortilla and
Rinne, 1976). Cell loss in the nbM was not found in three cases of
postencephalitic PD examined in a separate study (Whitehouse et al.,
1983). A potential animal model for postencephalitic PD now exists with
the report of a relatively specific infection of the basal ganglia by
murine coronavirus (Fishman et al., 1985). This virus, MHV-A59, causes
infected animals to assume a hunched posture and exhibit difficulty in
motility, signs resembling certain PD features. Neurofibrillary tangles
were not observed in the brains of these experimental animals.

The pathologic basis for the dementia in idiopathic PD is uncertain
(Hakim and Mathieson, 1979; Boller et al., 1980; Perry et al., 1985;
Chui et al., 1986; Whitehouse, 1986). The association with AD lesions
(plaques and tangles) in the cortex is inconsistent. In two series,
each containing only a small number of cases, investigators were unable
to detect an increased number of plaques and tangles in the hippocampi
of demented versus nondemented PD patients (Mann and Yates, 1983; Ball,
1984). AD lesions, in the quantity required to make the diagnosis of
AD, do not appear to be necessary for the dementia of PD. Neuronal loss
occurs in the locus ceruleus and nbM in both conditions, but these
findings are again inconsistent.

PROSPECTIVE

Intraneuronal filamentous inclusions are a pathological
characteristic of AD and PD (Goldman and Yen, 1986). Appel (1981)
postulated that AD and PD might each result from the lack of a disorder
specific neurotropic hormone. Gajdusek (1985) theorized that
interference with axonal transport of neurofilaments might be the common
pathogenetic mechanism in AD, PD, and the spongiform encephalopathies.
Significant progress has been made in characterizing the pathological
structures of AD. The demonstration that an AD amyloid protein is
encoded on chromosome 21 represents an exciting, if preliminary,
confirmation of a prediction based on neuropathologic observations in AD
and DS. The precise etiologies of AD and PD certainly differ, but
certain shared neuropathologic features indicate that abnormal molecular
mechanisms may be shared. Further application of the tools of molecular
biology promises to increase our understanding of these pathologic
features, the mechanisms responsible for their production, and the
etiologies of the diseases themselves.
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NEUROTRANSMITTERS IN THE AGEING BRAIN AND DEMENTTA

D.M. Bowen and A.N. Davison

Department of Neurochemistry
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London, U.K. WCl 3BG

Cognitive processes especially short-term memory are primarily
impaired in normal ageing and more dramatically so in dementing
diseases. Other psychological effects are also evident. There is
with age a general decay in sensorimotor processing including visual,
auditory, somatosensory, gustatory and olfactory systems (Flicker et
al, 1985) but in dementia these modalities are not enhanced. The
control of behaviour is largely mediated within the brain by the
limbic system (amygdala, hippocampus, septum, mamillary bodies of the
hypothalamus and their connecting fibres). The frontal and parietal
lobes of the neocortex (association areas) are more concerned with
higher functions of thought and perception. The temporal lobe contains
large areas of association cortex and is involved with memory of
visual tasks and learning of auditory patterns. More subtle higher
functions connected with movement and speech are also controlled by
the cortex. There is generally loss of weight in the ageing brain and
in non-vascular dementia atrophy may be pronounced. Selective loss or
shrinkage also occurs. Biochemical methods have been used to identify
the neurotransmitter systems and metabolic pathways affected.

Neurotransmitters and higher mental functions

Since communication between neurons is mediated at the synapse by
the release of low molecular-weight excitatory and inhibitory
neurotransmitters, measurement of the ability of brain tissue to
synthesize such transmitters and their absolute concentration in CNS
tissue together with assessment of their receptor concentration may
give a clue to selective defects in their metabolism. This is
particularly relevant, for modification of the sensitive mechanism of
synaptic transmission can result in altered brain function as happens
in psychiatric or neurological disorder as a result of changes in
neurotransmitter or receptor concentration.

Function within the CNS depends on neurocnal interaction in which
different chemical transmitters may participate. For example
dopaminergic pathways in the basal ganglia are of especial importance
in controlling movement and loss of neurons from the substantia nigra
and the projections to the striatum is associated with the tremor of
Parkinson's disease. Cell counts in the substantia nigra, where this
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dopaminergic tract originates, suggest that, despite cell loss,
decrease in tyrosine hydroxylase activity is largely due to decreased
activity of residual cells. In Huntington's disease impaired
GABAergic neuronal activity in the striatum, is associated with
chorea, but the dementia seen in this condition is likely to be due to
changes in the cortex rather than the subcortex where there is no loss
of nucleus basalis cells.

Of the different centrally acting neurotransmitters it has long
been considered that acetylcholine is particularly involved in
learning mechanisms (Deutsch, 1971). However the design of some of
the early experimental lesioning procedures has been criticised. More
persuasive are pharmacological studies on young men treated with the
anticholinergic agent scopolamine who show cognitive and memory
defects comparable to those seen in the elderly (Drachman and Leavitt,
1974). While the cholinergic muscarinic antagonist, arecholine, has
been found to increase serial learning in normal human subjects (Baker
et al., 1971). In addition; physostigmine given to young normal
subjects significantly enhances storage of information into long-term
memory and improves recall. Since physostigmine acts as an inhibitor
of CNS cholinesterase, this again implicates acetylcholine in memory
mechanisms. Finally, lesioning of the cholinergic nucleus basalis
area in the rat results in impaired cognitive function which can be
partially restored by cholinergic ventral forebrain grafts (Fine et
al, 1985).

Long term memory

It has been argued that long term memory traces relate to
structural or permanent molecular changes at the synaptic level (Hebb,
1949). This concept receives support from the finding after very
brief periods of intense activity of persistent increases in
postsynaptic potentials within cortical and hippocampal pathways. The
amplitude of the long term potential correlates with the speed of
complex maze learning by rats (Lynch and Baudry, 1984). Peptide and
biogenic amines may be later implicated through action on receptors
and control of second messengers to regulate genetic expression of
glycoprotein for it is associated with memory traces lasting for more
than one day (Goelet et al, 1986).

Cholinergic neurones and acetylcholine

Cholinergic nerve cells synthesize, store and release
acetylcholine (ACh). The enzyme protein is synthesized in the
neuronal perikaryon, together with the hydrolase AChE, ACh is
transported down the axon to the nerve terminals. In the presynaptic
terminal ACh is formed and stored within synaptic vesicles. Released
acetylcholine interacts with the predominantly muscarinic (M1)
receptor on the postsynaptic neuronal surface. There is a feed back
control mechanism on the presynaptic terminals where muscarinic (M2)
autoreceptors are predominantly located. The radioactively labelled
ligand quinuclidinyl benzilate has been widely used to quantitate
total muscarinic binding sites. Receptor subtypes can be classified
on the basis of high and low affinity pirenzepine binding (M1 and M2
respectively) and further subdivided using high and low affinity for
agonists (Birdsall et al, 1978). Muscarinic receptors are coupled to
guanine nucleotide binding regulatory proteins (G proteins). Later
stages in receptor mediated signal transduction involve the
phosphoinositols and protein kinase C system.
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Nicotine receptors

Nicotinic receptors have been assayed using labelled o-bungaro-
toxin but some studies show that the distribution of binding
sites differ from that using nicotine as specific ligand (Clarke et
al., 1985). Using tritiated nicotine Flynn and Mash (1986) have
studied the receptor characteristics in human cerebral cortex. Since
supersensitivity has been demonstrated on iontophoretic application of
nicotine to nucleus basalis lesioned rats it is likely that the
nicotine receptors have a postsynaptic localisation. Autoradiographic
localisation shows a high density in cortical layer 1V (Whitehouse et
al, 1985) indicating that these sites may process thalamocortical
sensory information.

Acetylcholine metabolism

In-vitro studies indicate that radiocactive ACh is derived from
acetyl-coenzyme A and radioactive choline through the action of
choline acetyltransferase (ChAT), an enzyme present in excess in the
presynaptic terminal. On depolarization of the neuron, release of ACh
is dependent on calcium ions and inhibited by magnesium ions.

Choline, once taken up by the nerve terminal, serves as a critical
substrate for biosynthesis of the neurotransmitter, acetyl-CoA and
ChAT may also have a rate-limited role in ACh synthesis (Tucek, 1985).
Choline is derived from the blood and to a lesser extent from
breakdown of phosphatidylcholine within the nerve cell. Although low
affinity transport of choline may contribute to uptake, a sodium-
dependent high affinity choline uptake system (Kuhar and Murrin, 1978)
is primarily involved. This system is uniquely localized to
cholinergic neurons and their nerve terminals.

Distribution of the cholinergic system

An axonal tract originates from the septal region and forms
cholinergic synapses with hippocampal neurons. It also appears that
arousal projections that pass to the neocortex from the midbrain
reticular formation, hypothalamus, striatum and septum are
predominantly cholinergic. Cholinergic interneurons in the striatum
interact with nigrostriatal dopaminergic projections (McGeer et al.,
1971). 1In the cortex dopaminergic projections augment cortical ACh
release rather than inhibit as occurs in the striatum (Lloyd, 1978).

The regional activity of ChAT gives an indication of the density
of cholinergic nerves within the CNS. Thus ChAT activity is highest
within the striatum and caudate nucleus of the basal ganglia and
relatively low within the frontal cortex. In the primate there are
widely disseminated cholinergic cortical projections from the basal
forebrain (Walker et al 1985).

Changes in transmitter synthesizing enzyme in the ageing brain

Well recognised physiological changes are found in the elderly.
Besides decreased motor activity there are altered sleep patterns,
mood flattening and declining mental activity. As a result it may be
anticipated that there would be parallel changes in the ability of the
brain to synthesize the relevant neurotransmitters. Some of the
behavioural changes can be explained by a decrease in catecholamine
synthesis in various brain regions, although there is an increase in
monoamine oxidase activity with age. In the human brain, Bertler
(1961) and Carlsson and Winblad (1976) found a significant decline in
the dopamine content of the caudate nucleus and putamen in the elderly
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(over 70 years old). Rossor and Iversen (1986) found steady loss of
noradrenalin in the cingulate cortex (60-100 years). Increased
concentrations occur with age of the principal dopamine metabolite,
homovanillic acid (HVA), and the serotonin metabolite, 5-
hydroxyindoleacetic acid, in the CSF (Winblad et al., 1978)- ‘
Presynaptic markers (5-hydroxytryptamine uptake and impripramine
binding) show little alteration with age although indices of
postsynaptic 5-hydroxytryptamine receptors show a reduction in the
cortex (Allen et al, 1983). These changes in neurotransmitter
concentration may be due to nerve cell loss. Thus reduction in
concentration of noradrenalin could be the result of diminished
neuronal population in the locus coeruleus, 5-hydroxytryptamine to
neuronal loss in the raphe nucleus. There is a small decline in GABA
content of intrinsic neurons in the frontal cortex (Rossor and
Iversen, 1986). Other neurotransmitter concentrations do not alter
markedly with age. No age-related alterations was found in the
ability of fresh neocortical tissue to synthesise and release ACh
(Sims et al, 1983). Indeed there is relative preservation of
ascending projections from basal forebrain and brain stem.

In contrast, there is some evidence that ChAT activity slowly
declines with increasing age except in the caudate nucleus and the
frontal cortex. The loss of ChAT activity is especially marked in the
hippocampus (Perry et al., 1977) and in the caudate nucleus (Allen et
al., 1983). From the age of 60 years onwards, there is a slow decline
in muscarinic cholinergic receptor binding in the human frontal cortex
(White et al., 1977) and throughout life loss of cortical nicotine
binding sites (Flynn and Mash, 1986).

Alzheimer's disease

This condition is typified by an acquired progressive decline in
memory with global cognitive impairment. Details of the clinical
definition and diagnosis for Alzheimer's disease (AD) have been
summarized (McKhann et al., 1984). Atrophy especially of the cerebral
cortex is common with ventricular dilation. Areas of the limbic system
such as the hippocampus and amygdala seem to be particularly affected
(Ball., 1982). Neuritic plaques and tangles with loss of neurons
occurs in these regions. The cortex particularly the temporal,
parietal and frontal lobes are also similarly affected. Other areas
such as the motor cortex, sensory regions and primary visual areas
show less pathology (Pearson et al., 1985). Excessive loss of
cholinergic neurons from the nucleus basalis of Meynert (Price et al.,
1982) and other nuclei in the basal forebrain have been related to
neuritic plaque formation in the cortex (Kitt et al., 1984; Mann,
Yates & Marcyniuk 1985). Similarly loss or damage to neurons in the
raphe nucleus may lead to reduction in cortical serotonergic
innervation (Ishii 1966). For the concentration of serotonin and its
receptors appear to be reduced in the temporal cortex of AD patients
(Bowen et al., 1983). In the locus coeruleus diminished neuronal
populations could, it is thought, affect noradrenergic terminals

.within the neocortex (Tomlinson, Irving & Blessed, 1981) and account
for reduced noradrenalin levels in the temporal cortex (Francis et
al., 1985).

The cholinergic hypothesis

In 1965 Pope and his colleagues published preliminary
histochemical data to suggest a loss of AChE in the frontal cortex of
AD patients. Defects in the activity of ChAT were first noted by
Bowen and his colleagues (Bowen et al., 1976) and the loss of the
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synthetic enzyme found to relate to the degree of neuropathological
damage. At about the same time Davies & Maloney (1976) and Perry et
al., (1977) showed significant reduction in ChAT activity particularly
in the hippocampus, amygdaloid and mamillary body in the brain of AD
patients.

Later Wilcock et al, (1982) demonstrated that loss of ChAT related
to the severity of the dementia and the numbers of neurofibrillary
tangles in the cortex. Reductions have been found in other markers of
cholinergic activity - AChE (particularly the G4 form, Perry 1986)
activity and the concentration of presynaptic muscarinic M1 cortical
autoreceptors are for example decreased although overall muscarinic
receptor concentration is little affected (Bowen and Davison, 1986).
For example in the hippocampus significant reduction in M1 high
affinity pirenzepine binding and high affinity carbachol binding have
been reported (table 1). There is about 75% loss of ChAT and half the
AChE activity of the hippocampus.

Since ChAT is not rate controlling in formation of acetylcholine,
it was essential to demonstrate its altered synthesis in fresh tissue
from Alzheimer's patients. Fresh biopsy tissue from 'presenile cases
of dementia' assessed by histopathology were used in a collaborative
study (Neary et al, 1986). Tissue prisms were prepared and incubated
with radiocactive glucose in medium containing low and high potassium
concentrations. Thus the ability of the nervous tissue to respond to
stimulation could be measured (Sims et al, 1983). The formation of
acetylcholine under stimulating and resting conditions was found to be
reduced in AD as was the uptake of choline by the diseased prisms
(Fig. 1). Reduced synthesis of ACh was significantly correlated with
premortem cognitive impairment (Francis et al, 1985). Since there is
comparable reduction in sodium dependent high energy choline uptake
(table 2), ACh synthesis and ChAT activity in fresh neocortical tissue
it is likely that these changes are due to loss of presynaptic
terminals from afferent fibres projecting from the nucleus basalis of
Meynert (Whitehouse et al, 1982). The cholinergic hypothesis has
several shortcomings: most patients with clinical AD but absent
histological features have no evidence of cholinergic denervation;
some overlap between ChAT activities in control and AD subjects has
also been noted (Palmer et al, 1986). Finally the hypothesis also
fails to account for the typical intrinsic changes in the cortex (e.g.
tangle formation).

Biochemical changes in cortical neurons

The reports of reduced blood flow to the cortex and the
hypometabolism of glucose especially in the parietal, temporal and
frontal cortices (Foster et al, 1984) in AD suggest that this part of
the CNS is affected. Loss of large neurons has been found in the
cortex. Tangles are found in the pyramidal cells of layers III and V.
The clustering of tangles and laminar distribution support the concept
that affected regions are interconnected by well defined possibly
glutamergic pathways along which the disease process may extend.
Pearson and his colleagues (1985) raise the possibility that olfactory
tracts may be initially involved and that the disease may spread from
the subcortex by corticofugal or petal fibres and transcortically by
corticocortical association fibres. The amygdala, which receives a
direct projection from the olfactory tract, also has direct
cholinergic innervation from the basal nucleus of Meynert. ChAT
activity in the amygdala is significantly reduced to only 33% of
control in cortical ChAT-deficient AD subjects (Rossor et al, 1982;
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Fig. 1. [14C]Acetylcholine synthesis measured in the presence of

either 5 mM Kt or 31 mM Kt in samples of temporal neocortex
(&) and frontal neocortex (O) from neurosurgical controls,
patients with histologically confirmed Alzheimer's disease
and other demented patients. Samples from patients with
Alzheimer's disease were significantly different (p<0.01;
Wilcoxon rank test) from control samples measured under

the same conditions.

(reproduced with permission from Sims et al., 1983 and
the Journal of Neurochemistry).
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Palmer et al, 1986). The reduction is the same in the cortical ChAT-
spared subjects (Palmer et al, 1986) who had been clinically demented,
with AD histopathology. This suggests that cholinergic denervation
occurs early in the amygdala. The disease process could then spread
to the cortex along the direct connections between the amygdala and
cortex, with the degeneration of the basal nucleus of Meynert being a
secondary phenomenon.

Although the amygdala is involved in memory, loss of its
cholinergic innervation seems unlikely to be a prerequisite for the
syndrome of dementia since amygdaloid ChAT activity is not reduced in
undiagnosed dementia (Palmer et al, 1986). Thus deficits in other
neurotransmitters may underlie clinical dementia. Although postmortem
studies suggest that ascending serotonergic and noradrenergic
(corticopetal) projections are affected in AD, examination of these
neurons in biopsy samples failed to show any relationships with the
severity of dementia (Palmer et al, 1987). It has been proposed that
loss of excitatory amino acid-releasing neurons should be considered
as an alternative neurotransmitter basis of dementia and that 2-amino-
4-sulphobutyric acid is one of a group of sulphur-containing compounds
that have some characteristics of such neurotransmitters (Bowen and
Davison 1986, Procter and Bowen 1987). Brattstrom et al, (1987) have
argued that individuals with Down's syndrome may be protected against
arteriosclerosis due to the increased expression of the gene for
cystathionine-B-synthase located on chromosome 21. The authors
speculated that a similar explanation might also account for the low
prevalence of arteriosclerosis said to occur in AD. The gene loci for
familial AD, amyloid-B-protein and cystathionine-B-synthase are all
now known to be located on the long arm of chromosome 21. The
synthase locus, at 2192.1—» 21g22.1 is however thought to be distal to
the putative location of the AD and amyloid protein loci at 21g11.2—
2192.1 (see Kraus et al, 1986; St George-Hyslop et al, 1987). Altered
synthase activity has nevertheless been implicated, albeit indirectly,
in AD as one substrate of the enzyme (homocysteine) is also the likely
precursor of 2-amino-4-sulphobutyric acid (Fig. 2). Free serine (one
synthase substrate) has been determined by high performance liquid
chromatography (HPLC) in neocortex from diagnostic craniotomies of
patients with presenile dementia and controls (Neary et al, 1986).
Serine and a small HPIC peak (retention time of methionine, precursor
of homocysteine, Fig. 2) are elevated in AD consistent with decreased
synthase activity. The possibility that cystathionine co-eluted with
methionine is under study but these data (as well as that of Tarbit et
al, 1980) suggests that at least one gene on the long arm of
chromosome 21 may be underexpressed in sporadic AD (table 3).

Neuropeptides

The concentration of many neuropeptides does not undergo change in
AD. Even the amounts of vascactive intestinal polypeptide (VIP) do
not alter in the cortex despite the report of co-existence of VIP and
ChAT in cortical neurons (Emson and Lindvall, 1986). In contrast
somatostatin levels are consistently lowered (Rossor and Iversen,
1986). The loss of the peptide is greatest in the temporal cortex but
this change is not so marked in elderly patients (in comparison with
age matched controls) and is not a conspicious feature of biopsy
samples of the frontal or temporal lobe. There is some evidence,
however, that an early loss of somatostatin occurs from the parietal
lobe (see Francis et al, 1987). An interesting possibility is that
neuropeptides may function as trophic factors (Jones and Hendry,
1986). The concentration of corticotropin-releasing factor (CRF)-like
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(::)THREE GENE LOCI ON CHROMOSOME 21
(St George-Hyslop et al. 1987; Kraus et al. 1986)

DIl

@FAMILIAL 11.1 =
ALZHEIMER'S 11.2
DISEASE
AND
@AMYLOID 21 *
PROTEIN a HOMOC:STEINE
‘3.)CYSTATHIUNINE
SYNTHASE
22.1
22.2
22.3

-/
XL IKELY PRECURSOR ALSO OF 2-AMINO-4-SULPHOBUTYRIC ACID,

PROPOSED AS A NEUROTRANSMITTER OF CURTICOCORTICAL ASSOCIATION
FIBRES AND TO BE DECREASED IN ALZHEIMER'S DISEASE (Procter and Bowen, 1987).

Fig.2. Underexpression of cystathionine-B-synthase may occur in
Alzheimer's disease (in the remaining cells) and 2-amino-
4-sulphobutyric acid is also cytotoxic.

(see May and Grey, 1985)

Table 2. Choline Uptake of samples from demented patients and
neurosurgical controls compared with values for other
presynaptic cholinergic markers in the same demented

patients.
Choline uptake [14C]Acetylcholine ChAT activity
(in 31 mM K+) synthesis (31 mM K+) (pmol/min/mg
(pmol/min/mg (dpm/min/mg protein)
protein) protein)
Controls 3.04 +* 0.33 (6) 6.6 * 1.2 (22) 86 + 21 (11)
Alzheimer's 1.72 + 0.58 (6)2 3.9 £ 1.2 (6)2 37 = 25 (6)
disease
Other 2.71,2.73 4.9,8.5 70,74
demented
patients

Values are expressed as mean * SD with number of samples in parentheses
where appropriate. @2@p<0.0l compared with control (Wilcoxon rank test).

(after Sims et al, 1983)
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Table 3. Underexpression of a chromosome 21 gene in Alzheimer's

disease?
Synthase Alzheimer's Disease  Other Dements (A) Controls (B)
indices? (n=10) (n=6) (n=31)
Serine 13.20 + 8.112 6.80 + 3.53 8.41 + 3.80
Methionine? 1.07 + 0.57P 0.58 * 0.27 0.67 * 0.22

Values are means * S.D. For each amino acid Kruskal-Wallis ANOVA
revealed significant differences (p<0.05) in ranks between groups.
Individual group means were compared by the Mann-Whitney U-test,
ap<0.05 from both A and B: Pp<0.05 from B.

(after Bowen et al, 1987)

Table 4. Indications for Replacement Therapy

Neurotransmitter Evidence of:

Major role Loss early Compensation Receptor

in cognition in disease for loss loss*
Acetylcholine + + - -
Serotonin - + + +
Noradrenaline ) - + + -
Somatostatin - - - +
Glutamate - - - +
Dopamine - - - -
GABA - - - _
Corticocortical +7 +? ? +?
cells

*Severely affected cases post-mortem.
(After Bowen, 1987)
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immunoreactivity is reduced in the occipital, frontal and temporal but
not cingulate cortex of Alzheimer's patients (De Souza et al. 1986).
Conversely there is up-regulation of CRF receptor binding in the same
cortical areas. This is consistent with the concept that CRF acts as
a neurotransmitter in normal cortical function. The peptide is
localised in intrinsic neurons in layers 2 and 3 with terminals in
layers 1 and 4 of the neocortex. A sub-population of brain stem
cholinergic neurons containing CRF project to the forebrain where it
may exert a neuromodulatory function on the cholinergic system.

Conclusion

The aetiology of AD is still uncertain. Reduction in ACh
synthesis in fresh Alzheimer tissue obtained ante-mortem correlates
with cognitive impairment (Francis et al., 1985). These changes and
reductions in ChAT activity and choline uptake are probably due to
loss of cholinergic presynaptic terminals originating from shrunk or
lost cells in the basal forebrain. Similarly decreased serotonin and
noradrenalin concentrations in the neocortex may relate to defective
projections from subcortical nuclei. Post-mortem data suggests that
cortical nerve cells utilising excitatory amino acid transmitters may
also be affected in AD but it is not known if this is the site of
primary damage. Although a pure cholinergic basis for Alzheimer's
disease would seem to be unlikely, evidence accumulated in recent
years continues to be consistent with the cholinergic alterations
making an important contribution to this disorder (Table 4, Sims and
Bowen 1987).
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SLEEP, EEG AND SLEEP DISORDERS IN ALZHEIMER'S DISEASE

P. Prinz and M. Vitiello

American Lake VAMC & Dept. of Psychiatry, Univ. of Wash.
Seattle, Washington 98195

Impairment of sleep-wake function is a common clinical
observation of demented individuals; nighttime insomnia and
wandering in cognitively impaired geriatric patients is
often a factor in a family's decision to institutionalize an
impaired relative. These clinical observations of impaired
sleep have been confirmed by objective sleep laboratory
studies. This chapter will describe these changes and
explore possible explanations including several factors
known to cause sleep disorders and examine the useful-
ness of sleep and EEG measures as aids in the diagnosis of
Alzheimer's Disease (AD).

Sleep in Alzheimer's Disease

Disturbed sleep-wake function can result from a variety of
known pathologies, listed in the current nosology of sleep
disorders, or may result from dementia. Profound sleep
changes have been observed in diagnosed dementia patients
(Feinberg, et al., 1967; Prinz, et al., 1982a; Prinz, et
al., 1982b; Reynolds, et al., 1985; Eisdorfer and Cohen,
1978).

In our study of individuals with advanced stage, institu-
tionalized AD (Prinz, et al., 1982a), frequent, lengthy
awakenings, decreased rapid eye movement (REM) sleep and
reduced EEG slow wave (SW) sleep (Stages 3 and 4) were
observed compared to aged matched normal controls. Similar
significant changes of a lesser magnitude were observed in
individuals with earlier, mild and moderate stages of AD
(Prinz, et al., 1982). Both of these studies utilized
subjects selected for minimal health problems and minimal
depression (Prinz, et al., 1982a; Prinz, et al., 1982b).
Depression was carefully controlled for since dementia often
co-exists with depression (Reifler, et al., 1982; Albert,
1981; Eisdorfer and Cohen, 1978; Haase, 1977; Libow, 1977)
and depression can cause decreased SW sleep, increased
wakefulness and altered REM sleep measures (Kupfer, et al.
1978; Reynolds, et al., 1983; Gillin, et al., 1981).
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Diagnostic, demographic, cognitive and sleep measures are
summarized in Tables 1, 2 and 3 for four groups: control,
mild, moderate and severe probable AD patients. Our
laboratory employs DSMIII and research diagnostic criteria
(Prinz, et al., 1982a; Prinz, et al., 1982b) for probable
AD. These diagnostic criteria have been confifmed histo-
logically at autopsy in 15 of 17 patients (88%). Level of
functional impairment was used to assign AD patients to
groups, with the mild group showing some impairment of daily
function, the moderate group more extensive impairment, and
the severe group almost complete impairment. Results are
based on nights 2 and 3 of a 72 hour stay by each subject on
the Clinical Research Center, University Hospital.

Significant changes in sleep occurring in the early, mild
stage of the disease include increased nighttime wakeful-
ness, increased sleep fragmentation and reductions in SW
wave sleep measures. Overall, these changes become more
pronounced with increasing severity of the disease (Table
3). No changes in amounts of stage 1 or 2 sleep were
observed. REM sleep measures decreased nonsignificatly in
the mild stage, with further, significant reductions in more
advanced stages of the disease (Table 3).

While discouraged, napping was allowed and recorded in all
cases. Inclusion of nap data to create 24 hour measures of
minutes of SW and minutes of REM did not alter the results
shown in Table 3. Naps consisted primarily of stages 1-2
sleep and wakefulness.

Certain REM sleep measures are known to be altered in
depression (Kupfer, et al., 1978; Reynolds, et al., 1983).
REM latency (min sleep prior to the onset of the first REM
period) and number and density of rapid eye movements in the
first REM period are among the more useful biological
markers for this disorder. To determine if any changes in
REM measures occur in AD, we carefully examined REM sleep in
a subset of nine control and nine mild, nine moderate, and
nine severe AD subjects (Vitiello, et al., 1984). REM
latency, REM time, and computer assessed REM activity and
REM density were determined. REM sleep measures were mini-
mally affected by mild dementia. No REM sleep variable
differed significantly in comparing mild AD subjects with
controls (Table 4). However, REM time and REM latency
(calculated to include intervening wakefulness) were
significantly affected in moderate and severe AD. This
latter measure is confounded by the general increase in
nighttime wakefulness due to AD (Tables 3 and 4). REM
latency calculated to exclude intervening wakefulness was
unaffected by dementia (Table 4), a finding in agreement
with Reynolds, et al. (1985). Next, we quantitated REM
activity and density measures using computer methods for
possible AD effects. We failed to observe significant
differences from controls, with the exception of the
severest, institutionalized, AD subjects. In this group,
both REM activity and density were significantly lower than
controls (Table 4). The observations that mild to moderate
AD has minimal effects on REM activity, density and timing
of the first REM period are of particular importance
given that these measures are all significantly altered by
major depression. Consequently, they may prove useful in
diagnostic discrimination of mild dementia from depression
(Reynolds, et al., 1983; Vitiello, et al., 1984).
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EEG Variables in Dementia

The clinical EEG is sometimes altered in dementia (Obrist
and Busse, 1965; Wells, 1978). Reviewing the clinical EEG
measures that change across the continuum from adulthood
through nondemented old age to the organic brain syndrome,
Obrist and others (Mundy-Castle, 1954; Miyasaka, et al.,
1978; Gordon and Sim, 1967; Johannesson, et al., 1979)
noted two specific measures that appear to correlate best
with the degree of mental deterioration: (1) the alpha
rhythm over the occipital region or dominant occipital
frequency (DOF) and (2) diffuse slow waves in the waking
EEG.

DOF undergoes slowing with age from averages of 10.5 cps
to of 8 - 9.5 cps in normal elderly individuals (Otomo,
1966; Brazier, et al., 1944). It should be noted that DOF
differs from alpha frequency in a standard clinical EEG
reading in that it is based on systematic frequency counts
averaged across many epochs spanning 9-11 hours (Prinz, et
al., 1982b). Our results indicate that DOF is significantly
slower (below the alpha range) in mild AD than controls with
progressive slowing as the disease advances (Table 5).

Diffuse slowing as evaluated qualitatively in the clinical
EEG is sometimes useful in diagnosis of early AD (Gordon and
Sim, 1967). Quantitative measures of diffuse slowing have
been sought by ourselves and others (Miyasaka, et al., 1978;
Otomo, 1966; Brazier, et al., 1944) using computer assisted
waveform analyses, such as power spectra or linear modeling.
We employed power spectral analyses to quantitate the
activity in the delta, theta and alpha bands during waking
and various stages of sleep in our subject populations.
‘Table 5 summarizes some of the results. Of all the measures
studied, delta activity in the waking EEG (D W) was most
affected by AD, being significantly increased in mild AD
with further increases as the disease progressed. This is
consistent with observations from clinical electroencephalo-
graphy. Conversely, delta abundance during SW sleep
(D SW) was non-significantly reduced in mild dementia with
further reductions observed in later stage AD (Table 5).

Sleep can be disrupted by many factors. One possible
cause is the primary neuronal degeneration underlying AD.
Because of our particular interest in the effects of
primary neuronal degeneration, we undertook to control for
other factors known to impair sleep.

Sleep Disorders in Dementia

Sleep disorders have been categorized according to
etiology or main features. Major categories include
disorders associated with psychophysiological (tension-
anxiety) states, psychiatric states (e.g., depression), drug
use, sleep related respiratory dysfunction (apnea), sleep
related myoclonus, medical, toxic and environmental condi-
tions, and circadian rhythm abnormalities (shiftwork,
bedrest).

Any of these disorders may affect sleep-wake function in a
given dementia patient with adverse effects that may worsen
the dementia. It is useful to consider whether the dementia
impairs sleep directly, as opposed to increasing pathologies
known to impair sleep (e.g., apnea, myoclonus).



We attempted to examine these questions, using the same
study populations described earlier. The physical and
history used in screening subjects minimized the likelihood
of observing many sleep disorders known to exist in aged
populations. In these subjects depression was minimal,
history for psychophysiological insomnia was negative,
subjects were drug free for one month prior to and during
the study, and medical and toxic conditions were excluded
(e.g., obesity, hypertension, diabetes). However, sleep
related respiratory dysfunction, nocturnal myoclonus and
circadian rhythm abnormalities could not be controlled for
in this fashion. Consequently, these factors were assessed
separately.

We examined apnea-hypopnea activity during sleep in 30
aged controls and in 15 dementia patients with mild to
moderate AD (Smallwood, et al., 1983). A sex effect was
observed with males demonstrating significantly more apnea-
hypopnea activity. No dementia effect was observed in male
groups. Because the number of female AD subjects was small
(N=4), dementia effects could not be adequately assessed
(Figure 1). A subsequent study of females (Frommlet, et
al., 1986) observed a significant AD effect. 1In a similar
study (Reynolds, et al., 1985), a comparable negative
dementia effect was observed among male subjects; however,
female dementia patients had considerably more apnea than
female controls (but did not differ from male AD patients).
We conclude that AD effects on apnea, while present among
females, are not of great magnitude in early AD. Reynolds
and coworkers observed a positive correlation between
dementia severity and apnea activity, suggesting that an
interaction between Alzheimer's disease and sleep apnea
phenomena develop as AD progresses in severity. As
Reynolds, et al. (1985), point out, widespread use of
sleeping pills and other CNS depressants among cognitively
impaired geriatric patients might have a deleterious effect
on sleep apnea, which in turn can adversely affect
cognition.

Nocturnal Myoclonus was examined by quantitating period
leg movements (PLMS) resulting in arousal or lightening of
sleep stage in a group of 19 controls and 18 mild stage AD
patients (Prinz, et al., 1986). As shown in Table 6, no
dementia or sex effects were observed. The total number
of PLMS resulting in either arousal or lightening of sleep
stage across the night's sleep was comparable for the
controls and for the mild AD subjects. Few subjects exceeded
the clinical criterion of five or more PLMS per hour of
sleep.

We also assessed circadian rhythm function by monitoring
24 hour rectal temperatures in 16 controls and 28 dementia
patients in the mild to moderate stages of AD (Prinz, et
al., 1984). A sex effect was observed, confirming a
previous study in young adults (Winget, et al., 1977)
showing higher temperatures in females than males at all
clock times. No dementia effect were observed; mean 24 hour
temperature, amplitude of the day vs. night difference in
temperature, and timing of the peak and trough of the
temperature rhythm were all unaltered by AD (Table 7). It
is unlikely that circadian rhythm abnormalities are induced
by dementia per se, in the absence of other factors (e.g.,
drugs, lack of exercise).

These negative findings regarding pathologies impairing
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sleep were obtained using healthier subjects in the earlier
stages of dementia. It can be expected that some AD
patients will suffer from the pathologies just as in the
general population of older adults. Early diagnosis and
treatment can forestall the additional decline in mental
function caused by these conditions (Vitiello and Prinz,
1986).

Early Identification of Dementia

The negative findings regarding known sleep pathologies
in mild AD led us to conclude that AD sleep changes can be
largely attributed to the primary neuronal degeneration that
characterizes AD. At present there are no therapeutic
interventions capable of halting or slowing this process.
Earlier identification of this disease, though diagnos-
tically difficult, is important if we are to address
preventative therapeutic strategies and/or attempt interven-
tion prior to widespread neuronal damage. Some anatomical
evidence supports the hypothesis that sleep variables may
serve as markers for the early stages of AD. Signs of
neuronal degeneration occur in AD in cortical, presynaptic
cholinergic nerve terminals which originate mainly from the
nucleus basalis of Meynert in the basal forebrain (McKinney,
et al., 1982), a structure which may have sleep promoting
properties (Sterman and Clemente, 1974). Other brain areas
considered important in sleep/wake functioning also undergo
degenerative changes in AD (reviewed in Prinz, et al.,
1982b).

As we have observed, sleep and EEG changes in AD do in
fact appear early in the disease process. Indeed, they may
serve as markers for onset of AD as suggested by our
observation that sleep and EEG variables predict well for
mild dementia and for cognitive scores in the mild dementia
range (Prinz, et al., 1982b). We conducted discriminant
analyses (DA) to assess the ability of the sleep and EEG
variables to correctly classify subjects into control or
mild dementia groups (Prinz, et al., 1982b; Vitiello, et
al., 1984). Of the sleep and waking measures utilized,
percent waking of time in bed (% W TIB), and percent stage 3
and 4 of time in bed (%3-4 TIB) emerged as the best classi-
fiers, correctly identifying 90% of the mild AD and control
subjects. When EEG and REM measures were also included in
the analysis, variables such as % W TIB, DOF, and various
computer-derived measures (abundance of delta EEG activity
during REM sleep and during slow wave sleep) correctly
classified significant percentages (65-90%) of mild dementia
and centrol subjects (Tables 8 and 9). These observations
are of course preliminary, and definitive conclusions must
await cross-validation using new subject samples. Such
validation studies are currently in progress in our
laboratory.

Our current research efforts continue to evaluate how
well sleep-wake and EEG measures might aid in the early
diagnosis of AD, even when the clinical picture is con-
founded by coexisting depression. In addition, we are
examining these and similar measures in older subjects who
may be at risk for dementia, to determine their potential
usefulness as prognostic indicators for subsequent
development of Alzheimer's Disease.
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TABLE 1.

Selected for inclusion will be patients who have a mild to moder-
ate or severe senile or presenile dementia, defined as a global im-
pairment of intellect and memory associated with organic brain dis-
ease.! Patients will be further selected as having probable dementia
of the Alzheimer’s type? according to the following criteria® (based
on current and prior physical exam and history data):

1. Dementia, non-vascular type
a. Gradual onset in later life
b. No history of cerebrovascular accident or chronic hyperten-
sion
c. No focal neurological signs
2. No history of
a. Myocardial infarction or chronic hypertensive cardiovascular
disease
b. Alcoholism
¢. Major chronic or recurring psychiatric illness
d. Parkinson’s disease, Huntington’s chorea, Pick’s disease and
related neurological disorders selectively affecting certain
brain regions
Chronic renal, hepatic, pulmonary or endocrine disease
Syphillis or other disease affecting the central nervous system
g. Brain damage sustained earlier from any known cause, such
as hypoxia, neurotoxins or head trauma
3. Not requiring therapy for
a. Diabetes mellitus or other major endocrine disease
b. hypertension (less than 150/95)
4. EEG and/or CT scan confirming absence or cerebrovascular ac-
cidents or other focal intracranial pathology

-0

Patients are included if free of temporary illness or psychoactive
medication for one or more months prior to the study.

'Organic brain syndrome: acquired chronic deterioration of intel-
lectual function secondary to damaged or lost brain tissue.

?Dementia resulting from primary neuronal degeneration with re-
sultant specific neuropathologic changes similar to the classic Al-
zheimer’s disease. Cardinal manifestations include impaired mem-
ory (greatest for recent events), impaired attention span and im-
paired cognition, especially abstraction, calculation, judgement and
spatial relations. While disturbances of affect may also occur, these
are not invariably present.

3These criteria are consistent with those stated in the diagnostic
manual (DSM III) of the APA.

CRITERIA FOR INCLUSION IN DEMENTIA RESEARCH PROJECT



TABLE 2.

GROUP RESULTS FOR DEMOGRAPHIC, AFFECTIVE AND

COGNITIVE OF THE CONTROL (N=22) AND MILD (N=18),
MODERATE (N=16) AND SEVERE (N=10) DEMENTIA GROUPS
IN PERCENT OR MEAN SEM

2 2 2
Control Mild Moderate Severe
N=22 N=18 N=16 N=10
SEX M=50% M=50% M=63% M=100%
AGE 69 .0+1.4 67.8+2.2 70.2+1.5 72.8+43.5
EDUC. (YRS.) 14.2+41.2 15.2+0.8 15.140.8 12.6+1.5
HAMILTON 4.9+40.4 7.240.5 8.4+1.1 * *
RDC MAJOR ! 0% 6.7% 8. 3% X«
RDC MINOR ! 18.2% 13.3% 8.3% x %
TOTAL DRS3 137.5+1.1 104.9+5.0 35.3+8.2
Attention 35.8+0.3 34.4+0.7 15.6+3.2
Initiation 36.2+0.3 24.5+2.4 6.6+2.3
Construct 4.940.4 2.2+40.5 0.4+0.1
Concept 36.7+0.7 30.5+2.1 9.0+3.1
Memory 23.8+0.3 13.4+41.1 2.440.9
BOSTON NAMING 9.7+0.1 6.3+0.6 3.4+40.6 *
MINI MENTAL
STATUS 29.6+0.2 16.7+1.3 5.4+40.9 1.3+0.6

1 Measures of depressive affect were not

dementia subjects; measures are reported for

and 12 moderates.

reliable in some

15 milds

2 The severity grouping was based on Activity of Daily
Living (ADL) scores (6).

3 Dementia Rating Scale (6)

* Severe patients could not be assessed adequately.
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TABLE 3: SLEEP MEASURES IN CONTROL AND DEMENTIA GROUPS.
MEAN + SEM (See group description in Table 1)

Control Mild Moderate Severe
N=22 N=18 N=16 N=10
A. SLEEP CONTINUITY
%W TIB 21.0+1.5 35.7+2.0% 40.2+4.6 36.5+5.0
WASO 83.4+6.2 151.0+11.2*% 163.6+25.3 170.1+28.6
No. W 13.6+1.0 17.7+ 1.1% 19.6+ 2.1 20.6+ 3.8

B. SLEEP ARCHITECTURE

% 3-4%x TIB 8.9+41.1 5.0+ 0.9% 2.4+ 0.9 1.8+ 1.1
Min 3-4%x 40.4+4.9  23.7+ b.u4x 1.5+ 4.2 7.2+ 4.7
% REM TIB 16.840.9 13.8+ 1.7 9.1+ 1.3 7.3+ 1.5
Min REM 77.2+4.4  66.9+ 8.6 44.0 +7.3 33.4+ 6.1

VARIABLE DEFINITIONS

SLEEP CONTINUITY

% W TIB: Percent time
bed (TIB).

WASO: Waking after

awake expressed as a ratio to time in

sleep onset; min awake between sleep

onset and final morning awakening.
No. W: Number of wakes > I min during sleep.

SLEEP ARCHITECTURE

% 3-4 TIB: Percent time stages 3 and 4 sleep expressed as a
ratio to TIB.

Min 3-4: Minutes of stages 3 and 4 sleep.
% REM TIB: Percent time REM sleep expressed as a ratio to
TIB.

Min REM: Minutes of REM sleep for entire night.

l. Time in bed was similar across all groups (456+8.1,
486.6+14.6, 455.5+26.3, and 475.3+23.8 min.,

respectively).

* Mild groups differs from control, p < 05.

**%  Strict criteria were used in rating: delta waves of 75
V peak to peak were required for rating of stages 3 or

i,
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TABLE 4. REM LATENCY AND REM SLEEP MEASURES (X + SEM) OF
THE FOUR STUDY GROUPS FOR REM PERIODS 1, 2 AND 3,
AND FOR THE TOTAL NIGHT

Variable Control(n) Mild (n) Moderate (n) Severe(n)

REM Latency

REM LAT* 67.2+ 8 86.5+13 125.2+18 111.5+25
REM LATS 53.8+ 8 53.2+ 8 70.3+14 57.5+16
REM period
REMP 1 13.6+ 3 21.2+ 3 14.8+ 4 5.9+ 2
2% 23.0+ 4 19.3+ 3 12.5+ & 8.6+ 2
3 24.5+ 5 183.4+ 3 17.0+ & 13.2+ 5
T* 85.9+ 9 66.4+11 51.2+10 30.4+ 6
REM activity
REMA 1 20.3+ 7 53.3+20 33.4+20 5.4+ 2
2 30.4+ 7 39.6+16 53.0+35 12.3+ 7
3 57 .5+25 19.0+ 7 27 . 4+17 5.6+ 4
T 36.9+35 124.1+32 108.2+51 26.0+13
REM density
REMD 1 1.2+40.3 2.2+.4 1.8+0.6 0.7+.3
2 1.7+0.4 1.8+.6 2.5+1.2 1.3+.7
3 2.0+0.7 0.9+.3 1.3+40.5 0.7+.3
T 1.8+40.4 1.9+.5 1.5+40.5 0.7+.3

* Moderate and Severe groups differ from controls, p<0.05.
T tests comparing mild and control groups were non-
significant for all measures shown.

REM MEASURES DEFINED

REM LAT: REM latency; min from sleep onset. to first REM
period including waking.

REM LATS: REM latency; min from sleep onset to first REM
period, not including waking.

REMA T: REM activity total night. Number of REM's(12)
during all REM periods.

REMA 1: REM activity in lst REM period only.

REMD T: REM density, total night. REMA/min REM for all
REM periods.

REMD 1: REM density, lst REM period only.

REM PER 1: Min REM in the first REM period.
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TABLE 5. GROUP RESULTS FOR EEG MEASURES (Mean + SEM)

Control Mild Moderate Severe
N=22 N=18 N=16 N=10
EEG Measures
DOF 9.10+.15 7.8+.3% 6.62+.42 6.40+.45
D W 223450 635+115%  831+132 1,078+151
D SW 5,020+632 3,892+318 2,204+253 2,530+382

* Mild differs from control group, p<05.

VARIABLE DEFINITIONS:

DOF: Dominant occipital frequency in the quiet, waking EEG
when rhythmicity is most pronounced.

DW: EEG abundance (power) in the delta band (0.5 to 4 Hz)
during waking (C3 vs. A2).

DSW: As above, during a slow wave sleep sample that best
approximates stage 4 for each subject.

TABLE 6. PERIODIC LEG MOVEMENTS (PLMS) AND MYOCLONUS
INDEX (MI, OR NUMBER OF PLMS PER HOUR OF
SLEEP) IN MALE (M) AND FEMALE (F) GROUPS OF
CONTROLS (CONT) AND ALZHEIMER'S DISEASE (AD)
PATIENTS. MI>5 IS THE PROPORTION OF THE
TOTAL GROUP HAVING MORE THAN 5 PLMS PER HOUR

OF SLEEP
MI PLMS MI>5
AD 2.7+2 15.0+9 2/9
v CONT 1.740.8 11.0+6 1/9
AD 1.5+0.7 8.0+3 0/8
- CONT 1.6+1 9.747 0/10
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TABLE 7. TWENTY-FOUR-HOUR RECTAL AND RECTAL EQUIVALENT
TEMPERATURE IN AGED NORMALS AND IN ALZHEIMER'S
DEMENTIA. RESULTS FROM COSINOR ANALYSES, WITH
COMPARATIVE YOUNG NORMAL SUBJECT DATA (34)

Mean Amplitude

24 -hr deg. C Max-Min deg. C

Group M SEM M SEM

Aged, healthy men (n=8)2 37.25 .07 .96 .07
Alzheimer's men (n=16)2 37 .14 .07 1.06 Y
Aged, healthy women (n=8)% 37.17 .07 .80 Y
Alzheimer's women (n=12)%  37.35 .07 .86 .06
Winget's young women (n=12) 37.45 .12 .72 .04
Winget's young men (n=37) 37.02 .05 .93 .03

Time (hrs. min.)

Peak Temperature Lights Out

Group M SEM M SEM
Aged, healthy men (n=8)2 1704 0138 2326 049
Alzheimer's men (n=16)a 1629 0122 2259 116
Aged, healthy women (n=8)2 1600 0135 2318 022
Alzheimer's women (n=12)2 1600 0137 2229 031
Winget's young women (n=12) 1626 2400

Winget's young men (n=37) leuy 2200

aMesor, amplitude, and acrophase data based on cosinor
analysis. Amplitude and phase results based on signifi-
cant cosinor fits only; n=8,8,8, and 9 for male control,
male Alzheimer's, female control, and female Alzheimer's
groups, respectively.
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TABLE 8.

VARIABLE GROUPINGS AND DEFINITIONS USED IN
DISCRIMINANT ANALYSES

A. Sleep Continuity

1. % WTIB:

2. WASO:

3. No. W:

Percent time awake expressed as a ratio to

time

Waking after
sleep
Number of wakes > | min during sleep.

B.Sleep Architecture

1. % 3-4 TIB:

2. Min 3-4:

3. % REM TIB:

4. Min REM:

C.REM Measures

1. REM LAT:

2. REM LATS:

D.EEG Frequency

1. DOF: Dominant occipital

in bed (TIB).

sleep onset; min awake between

onset and final awakening

Percent time stages 3 and 4 sleep

as a ratio to TIB.

Minutes of stages 3 and 4 sleep.
Percent time REM sleep expressed as a
ratio to TIB.
Minutes of REM

expressed

sleep for entire night.

REM latency; min from sleep onset to first
REM period.
REM latency; min from sleep onset to first
REM excluding waking.

EEG when rhythmicity is

frequency in the quite, waking

most pronounced.

E.EEG Abundance (Power) in the Less Synchronized EEG
1. DW: in delta band during waking

2. T W: in theta band during waking

3. AW: in alpha band during waking

4. D REM: in delta band during REM

5. T REM: in theta band during REM

6. A REM: in alpha band during REM

F.EEG Abundance

(Power) in

the More Synchronized EEG
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TABLE 9.
SUBJECTS (A-F).
DW, TW AND AW
2
Group Significant Rc
Variables
A % W TIB .696
B: % 3-4 TIB .401
C: REM LAT .332
D: DOF .527
E: D REM .527
F: D SW .318
A+B % W TIB
%3-4 TIB .733
E+F: D REM
D SW
A SW .691
WAKE DOF
EEG: DW 614
A-F: % W TIB
DOF .764

RESULTS OF SIMULTANEOUS
A-F: % W TIB

% 3-4 TIB

DOF

D SW

D REM

REM LAT

DA USING FIRST 6 VARIABLES ABOVE

811

RESULTS OF STEPWISE DISCRIMINANT ANALYSES
(DA's). THE BEST SIGNIFICANT DISCRIMINATOR
FOR EACH VARIABLE GROUP (SHOWN) WAS
ENTERED IN THE OVERALL DISCRIMINANT MODEL
FOR CLASSIFYING CONTROLS VS. MILD DEMENTIA

"WAKE EEG" GROUP INCLUDED DOF,

%Corr.
Classified

90.

[ BV N RV NaRV )

85.0

80.

0

85.0

92.

1. Depression (RDC diagnosis) and sex failed to enter

into each analysis.

2. Correlation between the discriminant variable(s) and

the group variable.
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INTRODUCTION

Aged humans, and other mammals, exhibit a variety of bio-behavioral
changes ranging from decreases in muscle tone and motor coordination to
impairments of sensory and cognitive abilities. Among the earliest,
most consistent, and potentially most devasting of these changes are
deficits in memory and related cognitive functions.

Senile dementia (especially Alzheimer's disease) is recognized as
the most serious malady associated with age related cognitive decline.
It is considered to be the number one health problem by the National
Institute on Aging (NIA) (Goldsmith, 1984) and is considered by organi-
zations within both the executive (USDHHS, 1984) and 1legislative
branches of the federal government to be reaching epidemic proportions
in the United States (OTA, 1985). The incidence at age 65 is one out of
ten, and increases to approximately one out of three by age 85 (USDHHS,
1984). Because this latter segment of our population is experiencing
the most dramatic increases in absolute and relative numbers, problems
associated with dementia are complicated even further and will undoubt-
edly worsen during the next decade. The disease progresses insidiously,
eventually destroying the functional capacity of the brain. This is
first manifested in loss of memory and in other cognitive disturbances,
but eventually progresses to the point where its victims are unable to
perform the simplest tasks and can no longer care for themselves
(Reisberg, Ferris, & Crook, 1982). Most often this leads to institu-
tionalization or a similar radical solution, at tremendous emotional and
financial burdens to families and society (Anderson, 1981; Cowell, 1983;
Gwyther & Blazer, 1984).

Despite the tremendous attention directed toward the memory loss and
related cognitive disturbances of Alzheimer's disease, age-related cog-
nitive disturbances are hardly restricted to Alzheimer's patients. For
example, it is now becoming recognized that even normal aging is associ-
ated with a selective loss of certain mental abilities, especially those
requiring or involving memory. In fact, impairments in memory for
recent events appear to be the price paid by members of all mammalian
species that are successful in surviving into the post-reproductive,
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senescent years (Bartus & Dean, 1985). In humans, normal age-related
loss of memory is considered to be one of the most consistent and de-
humanizing consequences of aging (Kral, 1978; Weinberg, 1980; Crook,
Bartus, Ferris, Whitehouse, Cohen & Gershon, 1986). The number of
patient to physician complaints is also high, with approximately 90% of
people over age 65 expressing concern (Zelinsky, in press).

Although the decline in memory ability in normal aging in no way
approaches the more severe and broader loss of mental capacity seen in
Alzheimer's disease, the effects on the individual and family can be
dramatic, nevertheless (e.g., see Bartus, 1986; Crook, et al. 1986).

Despite the obvious financial and emotional consequences of age-
related cognitive impairments and the clear projections for increased
incidence as population 1longevity increases, there is no currently
available treatment with established therapeutic efficacy. The search
for such therapies has been hampered by the complexity of the nervous
system and our limited knowledge of the biological basis of normal
cognition, as well as by difficulties in identifying and establishing
the functional importance of age-related neurobiological changes.

In other words, progress continues to be retarded by the lack of a
solid foundation of basic information and a clearly defined direction
for systematic inquiries. Historically, the biomedical community has
been helped in similar situations by the application of data from animal
models. The underlying question addressed in this paper is whether our
understanding of the neurobiology of aging is sufficiently advanced and
sophisticated to permit data from animals to be utilized by medicinal
chemists, pharmacologists and clinicians, in the search for effective
treatments for age-related cognitive disturbances.

Efforts to develop valid and reliable animal models of geriatric
congitive deficiencies have only recently begun to attract widespread
attention. Past isolated attempts to use animal models of geriatric
memory generally were hampered by poorly founded rationales and inade-
quate empirical support for their underlying assumptions (Bartus,
Flicker & Dean, 1983). Consequently, there is little genuine consensus
regarding the best approach to adopt, although almost everyone would
agree that the ultimate animal model for geriatric memory disturbances
has yet to be developed. Nevertheless, research spanning the last few
years has produced significant progress which may have important impli-
cations for geriatric assessment of memory.

ON THE LIMITATIONS AND EXPECTANTCIES OF CURRENT ANIMAL MODELS

Although there may be some general agreement regarding what factors
or variables are 1likely to be important in developing effective animal
models, in the final analysis the value of any model will depend not on
the inherent Tlogic of the principles which guided its development, but
on its ability to make meaningful predictions about the clinical condi-
tion it was designed to study. In this regard, it is important to
consider exactly what specific questions the model is being asked to
answer and exactly what types of predictions are being made in the study
of the diseases.

One issue which is clearly relevant, but which has received insuf-
ficient recognition, is the fact that the study of any disease involves
numerous, interdependent levels of analysis. With regard to neurode-
generative diseases 1like Alzheimer's, these levels of study would in-
clude such categories as etiologic factors, molecular biology and
pharmacology, neural functional disturbances, neurobehavioral deficits,
and specific behavioral or clinical measurements (Bartus & Dean,
1985). Certainly, investigations which focus attention on areas at
opposite ends of this spectrum will differ radically in terms of the
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nature of the questions asked, the types of studies performed, and the
answers obtained.

For example, studies of the role of neurotoxic, genetic, immuno-
logical and viral influences upon the progression of Alzheimer's disease
would seem to be necessary in order to understand the etiology of
Alzheimer's disease. Similarly, examination of the development and
consequences of neurofibrillary tangles, senile plaques, and possible
changes in DNA, RNA, and protein synthesis, may help identify the
molecular mechanisms responsible for the progressive neuronal damage.
Alternatively, although the identification of disturbances in neural
function and biochemical processes may reveal 1little about the root
cause of the disease, they may help establish important final common
pathways responsible for the primary symptomatic cognitive
disturbances. This insight should, in turn, suggest effective
strategies for more immediate, shorter-term treatment of the disease's
major symptomatology. Additionally, this research might ultimately
reveal areas of selective vulnerability to the disease which may help
expand our understanding of how the etiologic variables produce their
progressive damage.

It should be apparent, therefore, that just as the level of inquiry
will greatly affect the types of questions asked and studies performed,
it will also affect the nature and intended purpose of any model em-
ployed, as well as the particular considerations used in developing or
selecting the model. For example, when the etiology and pathogenesis of
neurodegenerative diseases are considered, specialized cell Tlines,
tissue cultures and other molecular approaches provide valuable tools
for addressing the issues of concern. At the same time, the usefulness
or relevance of these tools to understanding the nature of the clinical
symptoms or neurological variables involved is often less clear.

Alternatively, neurobehavioral models of the type described in
previous papers (e.g., Bartus, Flicker, Dean, Fisher, Pontecorvo, &
Figueiredo, 1986; Kordower & Gash, 1986; Olton, 1985), involving arti-
ficial brain lesions in animals, may not be appropriate for many ques-
tions, but could prove to be quite useful for studying possible rela-
tionships between relevant neural dysfunctions and behavioral deficits,
as well as for evaluating potential pharmacological treatment approaches
for the primary symptomatology. In other words, although such models
will neither mimic the etiology nor much of the neuropathology
associated with Alzheimer's disease, properly placed lesions (e.g. of
nucleus basalis; septal-hippocampal-entorhinal complex; locus coeruleus)
can provide animal models which share certain, important neurode-
generative, neurochemical and even behavioral deficits characteristic of
Alzheimer's diseased patients.

From this perspective, it is apparent that even aged animals may
serve as useful models for certain specific types of questions con-
cerning Alzheimer's disease. While it is well-recognized that animals
do not contract Alzheimer's disease, and most aged animals develop few
of the neuropathological features of the disease, these differences may
only be important for certain types of questions. For example, it seems
unlikely that aged animals would offer much information about the root
cause of the disease or the primary variables involved in the patho-
genesis of Alzheimer's disease. However, because aged animals share
certain neurochemical deficiencies with Alzheimer's disease patients
(Bartus, et al. 1982; Zornetzer, 1985), and because aged animals suffer
memory deficits which are conceptually similar to loss of memory ob-
served in the earliest stages of Alzheimer's disease (Bartus & Dean,
1985; Bartus et al. 1982), aged animals might be useful in investi-
gations of the neural basis of the memory loss and in evaluations of
potential treatment approaches. In fact, this viewpoint has been raised
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and briefly discussed in prior publications (Bartus & Dean, 1985;
Bartus, Flicker & Dean, 1983).

Presumably, as more is Tlearned about degenerating human diseases,
and more sophisticated approaches are adopted in the development and
application of animal models, differences between the clinical condition
and the animal model will decrease significantly, as will differences in
the issues addressed at various levels of inquiry. In the meantime,
however, it would seem that serious confusion might be reduced and
certain pseudo issues avoided by properly recogn121ng that clear dif-
ferences exist among current levels of inquiry. These differences have
important implications with regard to the specific questions addressed,
the assumptions made, the short-term goals set, the optimal species or
spec1mens used, and the type of model employed. Since the present paper
is concerned pr1mar11y with age-related memory loss, the remainder of
the text will restrict itself to means of using animals to develop in
vivo models of this behavioral loss, as one essential component to
studying the problem.

ON THE SIMILARITY OF CROSS-SPECIES MEMORY LOSSES AND THE USE OF AGED
ANIMALS

Of the many approaches to developing animals models of age-related
memory disturbances, one that is gaining increasing popularity involves
the use of aged animals. During the last several years, a number of
laboratories have tested relatively healthy, aged animals on numerous,
behavioral tasks and have demonstrated that a progressive, age-related
loss of memory represents one of the most consistent and robust be-
havioral changes (Bartus & Dean, 1985). Perhaps this phenomenon is most
clearly revealed 1in the series of studies published with nonhuman
primates by a number of laboratories over the last two decades (Bartus,
1979; Bowden & Williams, 1984; Davis, 1978; Dean & Bartus, 1986). These
studies convincingly demonstrate that while aged primates suffer
deficits on a number of behavioral paradigms, other behaviors appear to
be relatively spared by the effects of age. Moreover, the most im-
pressive deficit occurs on tasks involving recent, or trial-specific
memory, typically measured by requiring monkeys to remember the spatial
location of a visual stimulus over brief intervals of time (Dean &
Bartus, 1986). Control tests suggest the deficit is at least partly
dependent on memory for recent (but not immediate) information and
relatively independent of other potentially confounding variables. For
example, the magnitude of this deficit is generally small at short
retention intervals, but increases dramatically as the duration of the
retention interval is increased. Additionally, age-related dysfunctions
in motivation, sensory processing, and motor performance do not ade-
quately account for the behavioral deficit. Rather, the inability of
the aged monkeys to perform accurately on the longer retention intervals
appears to reflect a genuine dysfunction in mnemonic mechanisms
mediating the storage, maintenance, or retrieval of information. This
deficit in recent, trial-specific memory contrasts markedly with the
lack of age effects observed on the Tlonger-term retention of well-
learned stimulus-reinforcement associations formed through multiple
trial experiences.

In view of comparisons in various studies that equated past and
current 1living conditions between age groups, these nonhuman primate
data suggest that the age-related loss of recent memory is dependent, at
least in part, upon a biological dysfunction. Further, replications in
both New World and O1d World monkeys underscore the generality of this
phenomenon (Dean & Bartus, 1986). Additionally, a number of clinical
laboratories have recently begun to develop human test paradigms which
are conceptually similar to those used in nonhuman primate laboratories,
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and these human studies have confirmed the existence of similar age-
related deficits in non-demented elderly volunteers (Oscar-Berman &
Bonnsr, 1985; Flicker et al. 1985; Flicker et al. 1984; Moss & Albert,
1984).

In sum, the series of studies performed with aged monkeys and humans
demonstrates that: (a) certain common behavioral losses exist in both
demented and non-demented elderly .umans and nonhuman primates, (b) a
loss of recent memory is generally recognized as one of the earliest and
most severe behavioral consequences in each group, and (c) it is likely
that common biological factors contribute to the problem.

Although more difficult to ascertain, studies with aged rodents
generally support the idea that specific behavioral deficits develop
with advanced age, with a loss of recent, trial-specific memory being
among the more prevalent (Bartus, Flicker & Dean, 1983; Kubanis, Gobbel
& Zornetzer, 1981). To be certain, comparisons of rodents to humans are
often more difficult, and extrapolating behavioral data from one to the
other seems, at least superficially, more hazardous and complicated. At
a minimum, the more primitive behavioral repetoire of the rodent makes
the paradigms that can be used to test it necessarily more distant from
human behavior (as it is conventionally viewed today) and T1imits the
number and elegance of additional tests that can be performed. Further,
it is more difficult to establish experimental control of the rodents'
behavior in Tlearning/memory paradigms, requiring the use of strongly
adversive stimuli (such as electrical shock) when punishment and
negative reinforcement are used, or severe physiological states of
deprivation (reduction to 65-80% of ad 1ib body weight is common) when
positive reinforcement is used (Bartus & Dean, 1985). Notwithstanding
these serious obstacles, data from a number of laboratories suggest some
degree of analogy exists in the type of memory loss which occurs in aged
humans and nonhuman primates versus that which apparently exists in aged
rats and mice.

A number of laboratories have tested various aged groups of rats and
mice on a variety of behavioral paradigms. 0Of all the behaviors
measured, the most striking deficits in both aged mice and rats occur on
retention of a simple, single-trial passive avoidance task (Bartus,
Flicker & Dean, 1983). Control tests showed that the deficits could not
be explained on the basis of differences in shock threshold, activity
levels, or other confounding factors, but rather reflected an impairment
in ability to remember the learned aversive event for sufficiently Tong
periods of time. For example, it has been shown that differences in
motor activity and shock response threshold cannot explain the age-
related differences in retention. Further, the performance of the aged
rodent was comparable to that of the young rodent when retention was
tested within one hour after training but gradually worsened as the
interval of time between training and retention testing was increased.
Thus, despite the relative crudeness of the passive avoidance procedure,
these findings strongly suggest that a memory-related phenomenon is
involved in this age deficit (Bartus, 1982).

The robustness of the age-related deficit is particularly striking
when one considers that the passive avoidance procedure is basically a
simple task for the subjects to perform. It is well established that
with a1l things equal, the less complex a task is for aged subjects to
perform, the smaller the age-related deficit generally observed. Thus,
the robustness of this deficit suggests that this particular procedure
may measure some fundamental aspect of neurological aging in the
rodent. At the same time, it is interesting and noteworthy that a
simple and effective means of eliminating the passive avoidance deficit
in aged rats is simply to arrange the procedure so that it requires rats
more than a single trial to learn the task (Bartus, 1982). In this
multi-pretrial version of the procedure, aged rats are able to learn the
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task at about the same rate as young rats and retention is comparable,
even when measured 2 weeks after training. Of course, one of the more
salient operational differences between recent, trial-specific memory
and long-term, repetitive trial memory, involves the consistent repe-
tition of the event to be remembered. Thus, the data from this vari-
ation of the passive avoidance paradigm support the idea that a selec-
tive vulnerability of recent memory also occurs with advanced age in
rodents.

Further, these rodent data are reminiscent of prior data in non-human
primates 1in which controlled comparisons demonstrated significant
effects of age when the behavioral paradigm required temporary, non-
practiced recall of stimulus events over short intervals of time, but no
deficits when the paradigm required trial by trial learning of rein-
forcement contingencies and subsequent tests of recall days later. In
fact, on a more general level, the passive avoidance deficit shares
certain operational similarities with the primary age-related deficits
in both human and nonhuman primates (Bartus & Dean, 1985). That is,
some of the more robust and consistent deficits observed in aged members
of several mammalian species, including humans, occur (1) in situations
where the event to be remembered is brief and discrete; (2) when 1ittle
or no opportunity for practice or rehearsal exists; and (3) over a
relatively rapid temporal span, with retention often declining markedly
within minutes, and usually within hours (Bartus & Dean, 1985). Taken
together, the data suggest that a conceptually similar type of age-
related memory decline may exist across various members of the mammalian
class.

The similarity in certain primary memory deficits in aged animals
and aged humans presents a number of potentially important
implications. First, the variety of mammalian species exhibiting the
deficits, and the varied paradigms employed, argue strongly that a
common biological component most 1ikely contributes to the behavioral
symptoms. This, in turn, implies that studying aged animals which are
inflicted with these neurobehavioral disturbances might provide
meaningful information for helping to understand the complex problem of
cognitive disturbances in elderly humans. Finally, animal models
derived from these efforts might be used to help develop pharmacological
approaches to the problem and evaluate specific drug candidates to
determine which might deserve more exhaustive and difficult testing in
human patients. A number of previous reviews (Bartus, Dean, Beer, 1983;
Bartus & Dean, 1985; Bartus, Flicker & Dean, 1983) have described some
of the early efforts to accomplish these goals.

ON THE USE OF ANIMALS WITH DISCRETE BRAIN LESIONS

Although the research described above argues that it may be possible
to gain some insight into certain types of treatment approaches for
Alzheimer's disease from the study of normally aged animals, there is
little question that greater predictability might be achieved with an
animal model that shares more of the neuropathological and abberant
neurochemical characteristics found in Alzheimer patients. Earlier
attempts to induce neurofibrillary tangles in animals artificially via
aluminum (Crapper and Dalton, 1972; 1973) have been disappointing,
neither providing greater insight into the nature of the disease nor
leading to more effective means of testing drugs to treat its
symptoms. Other attempts to produce an animal model through injection
of presumed transmissible agents may continue to hold promise, but have
so far b;en equally disappointing (Klatzo, et al. 1965; Wisniewski, et
al. 1975).

More recently, however, evidence of severe deterioration in the
nucleus basalis of Meynert in Alzheimer and other demented patients
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(Whitehouse, et al. 1981; 1982; Rogers, et al. 1985) has given new
momentum to the development of potential animal models of the disease.
This formerly obscure brain region is recognized as providing the major
extrinsic cholinergic input to the cortex (Johnston, et al. 1979) and
its degeneration in Alzheimer's disease most 1ikely accounts for the
severe loss of cortical CAT activity and other cholinergic markers which
now characterize the brain from Alzheimer patients. Artificial destruc-
tion of this brain region in animals would certainly not be expected to
produce an exact model of Alzheimer's disease, including such classic
neuropathological features as senile plaques and neurofibrillary
tangles. Nevertheless it would provide an animal model that shares many
of the other CNS deficiencies associated with the disease, including
loss of cortical CAT activity, reduced cortical high affinity choline
uptake, and degeneration of basal forebrian cholinergic neurons. Fur-
thermore, destruction of the homologous brain region in animals provides
a means of determining the functional consequences of such nucleus
basalis degeneration, thus providing one empirical test of its possible
role in the cognitive loss of Alzheimer's disease and other degenerative
disorders. If loss of CAT-containing cholinergic neurons in the basal
forebrain can be causally linked to a specific decline in memory, then
it might be possible to use animals with the perturbation as a valid
model of the primary neurobehavioral characteristics of Alzheimer's
disease. Such an animal model might greatly facilitate the search for
alternative pharmacological approaches and help reduce the number of
candidates for human testing.

Within the last few years a number of laboratories have studied the
behavioral consequences of destroying cholinergic neurons originating in
the NBM. Of course, one goal of this research is to develop an animal
model of some of the primary neurobehavioral symptoms of Alzheimer's
disease. Although it is still too early to determine how successfully
this goal will be met, the studies being conducted are producing some
intriguing results and raising a number of interesting empirical
issues. The first issue involves the question the role the NBM (and its
cortical cholinergic projections) may play in mediating memory. It has
been shown that destruction of this brain region can produce a profound
loss of memory for recent events, while leaving other types of memory
relatively unimpaired (see Bartus, et al. 1985). Thus, these data
clearly support the idea that this group of neurons (and their cortical
cholinergic efferents) play an important and potentially quantifiable
role in mediating recent memory. Certainly, the observation of a
gradual behavioral recovery observed by several laboratories (Bartus, et
al. 1986; Bartus et al. 1985; Dunnett, 1985; Hepler, et al. 1985;
Ridley, et al. 1985) by no means invalidates the functional implications
of the lesion effects initially cbserved. Indeed, there exist numerous
examples of comparable recovery of behavioral function following brain
lesions (Finger & Stein, 1982; Lashley, 1929; LeVere, 1980). Rather,
the specificity and severity of the memory loss initially inflicted by
the lesion strongly implicates some role for the nucleus and its pathway
in mediating recent memory. This conclusion remains valid in spite of
the eventual recovery that occurred with extensive training, and inde-
pendent of whether or not any neural compensatory changes might ever be
found.

The second issue concerns the role that cell loss in the nucleus
basalis (and its presumed relationship to decreased cortical CAT
activity) may play in the early symptoms of Alzheimer's and other neuro-
degenerative diseases. Certainly, the profound and specific loss of
memory following damage to the basal forebrain-cortical cholinergic
system provides a strong argument for a possible role. Moreover, the
operational similarities between the artificially-induced deficit and
the memory loss found to occur spontaneously in aged rodents, primates,
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humans and early-stage Alzheimer patients, make the argument for an
important role even more compelling. At the same time, however, com-
plete recovery of the memory deficit has been observed, which is cer-
tainly contrary to the prognosis given for patients with Alzheimer's
disease, or any of the degenerative diseases in question. A major
question which presents itself is whether recovery would occur if the
lesion had been given to older animals which suffer a number of addi-
tional, age-related neurofunctional disturbances (Bartus, 1979; Bartus,
et al. 1982; 1985; Kubanis, Gobbel & Zornetzer, 1981), possibly
including a reduced capacity to recover 1lost neurobehavioral function
(Mufson & Stein, 1980; Stein & Firl, 1976). Also of interest would be
the effects of combining lesions of the basal forebrain with other areas
also implicated in Alzheimer's disease (such as the hippocampus or locus
coeruleus). Clearly pertinent to this point are recent preliminary
findings in monkeys which suggest that although more robust and reliable
effects are obtained with combined septum/NBM lesions, recovery of the
deficit still occurs after several months of training (Mishkin, et al.
1985).

From a similar perspective, the question of the functional signifi-
cance of the classic neuropathology of Alzheimer's disease (i.e. neuro-
fibrillary tangles and amyloid plaques) must be considered; perhaps this
neuropathology must coexist with the neurodegeneration to cause the
severe and permanent loss of cognitive function characteristic of
diseases such as Alzheimer's. In other words, given the apparent com-
plexity of these diseases and their clinical manifestations, it seems
reasonable to consider that simultaneous degeneration of a number of
brain regions, or the existence of a number of different pathologies,
may be required to produce not only the profound and permanent loss of
memory and related cognitive skills, but also the insidious progression
of the symptoms seen in these diseases.

Finally, from a different perspective, might it be possible to
significantly reduce the functional 1loss associated with Alzheimer's
disease by providing intense, routine practice and remedial training of
daily living skills? Clearly, attentijon to these many issues must be a
concern for future research.

In summary, additional experimental work in both primates and ro-
dents, as well as with postmortem tissue from various demented and
non-demented patient populations, is clearly needed. Future studies
should help clarify the role that various brain regions play in medi-
ating behavior, and their relationship to the cognitive loss associated
with aging and dementia. Although it is unreasonable to expect studies
with animals to unravel single-handedly, the complex mysteries of human
Alzheimer's and other dementing diseases, information gained from such
studies, and new thinking generated by the questions raised, should
ultimately contribute to a more complete understanding. Whether the
preliminary drug studies (Davis, et al. 1982; Ridley et al, 1986; Murray
& Fibiger, 1985) which have thus far employed NBM-lesioned animals will
develop into a legitimate means of directing pharmaceutical development
and clinical decisions remains to be clarified by additional, extensive
studies.
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Alzheimer's disease (AD) is the most tragic and devastating neurologic
disorder of the elderly, characterized by personality deterioration and a
variety of cognitive disabilities highlighted by memory loss. The earliest
symptom of the disease — an inability to remember recent events - eventually
advances to a vegetative state in which the victim may be totally
unresponsive, incontinent, incapable of self-care and bedfast. The memory
deficit progresses to where even friends and family members become
unrecognizable. The progression of the disease is highly idiosyncratic, it
may take years or only months before it reaches its final stages. Death
then follows.

It is estimated that 5% of the individuals over the age of 65 have AD,
affecting perhaps 20% of the persons who reach age 80. During the next
decade, the disease will reach epidemic proportions, simply due to the
increasing age of the population. The disorder is more prevalent in women
than in men and there appears to be an increased risk among first—order
relatives of AD patients.

During the last few years, research efforts relating to the diagnosis,
cause, and treatment of AD have accelerated rapidly. This is partly due to
the increased awareness of the impact of AD, in terms of its prevalence, the
emotional pain and personal burden experienced by the victim's family, and
the financial cost of institutional care for the patient. Unfortunately,
despite intensive research activity by numerous investigators from a variety
of disciplines, the cause of AD is unknown and there is no accepted
treatment that can cure or stop the progression of AD.

RESEARCH STRATEGIES

A number of different experimental approaches have been used in the
search for an effective treatment of Alzheimer type dementia. Although each
approach involves independent areas of clinical and basic research, it is
hoped that the information generated will converge and help identify
efficacious treatment strategies for the memory dysfunctions associated with
AD.

The first and most frequent approach is the postmortem examination of

the brain's of AD patients in an attempt to identify those chemical features
that differ quantitatively or qualitatively from healthy age-matched
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subjects. While this approach may appear straightforward and uncomplicated,
considerable care must be taken to account for those changes associated with
aging, rather than AD, as well as the possibility that postmortem changes
(time interval between death and chemical assessment) may influence the
results. In addition, inconsistencies in the neurochemical determinations,
observed either within or between laboratories, may indicate the existence
of subgroups of AD patients and/or improper patient screening procedures.

A second approach, associated with the first, attempts to determine if
the chemical abnormalities observed in AD contribute to the symptomatology.
That is, demonstrating that a reduction in chemical X occurs in AD does not
establish a functional relation between chemical X and the memory
impairments. This approach involves basic research aimed at developing an
understanding of the role of chemical X in normal learning/memory processes.
In addition, the development of relevant animal models by employing
experimental manipulations designed to mimic the disease state in normal
animals could help establish the relation between the chemical deficit and
the memory disturbance, while simultaneously providing an efficient means to
develop, test and refine potential pharmacological treatments.

Another approach to the development of effective treatment strategies
for memory dysfunctions in general is the attempt to discover "memory-
enhancing” agents. The approach differs from the latter in that it is
independent of any theoretical assumptions concerning the cause of the
disease or its symptoms. Similarly, the mechanism of action by which the
pharmacological agents exert their positive effects may be unknown. This
approach is simply a search for memory-enhancing agents whose use may prove
efficacious for the treatment of one or more types of dementia. The focus
of this approach is on animal behavioral tests in order to develop
pharmacological agents that (1) enhance learning and memory of normal
animals and/or (2) enhance or protect learning and memory in animals with
either a naturally occurring deficit (old animals, poor learners) or a
deficit induced by some experimental manipulation (CNS lesions, CNS
hypoxia). The potential therapeutic agent may not necessarily have any
direct action on the processes underlying learning/memory, but rather
produce its positive response indirectly by influencing related processes
such as arousal, attention or motivation.

THE CHOLINERGIC HYPOTHESIS

An example of how information derived from these separate experimental
approaches can evolve into a working hypothesis is provided by what has come
to be known as the "cholinergic hypothesis™ of geriatric memory disorders.
The foundation for this hypothesis stems from the efforts of numerous
investigators in different research disciplines and includes both human and
animal experimentation. Early work in the 1960's began to generate evidence
supporting an important role for the cholinergic nervous system in learning
and memory. A number of investigators showed that experimental
manipulations designed to disrupt cholinergic neurotransmission impaired
memory in botb animals and humans (Longo, 1966; Deutsch and Rocklin, 1967;
Dundee and Pandit, 1972). Conversely, increased cholinergic activity was
found to enhance memory in young subjects (Davis et al., 1978; Sitaram et
al., 1978; Flood et al., 1983).

In the mid 1970's Drachman and Leavitt (1974) reported that the
anticholinergic—induced memory deficit observed in young, healthy subjects
was quite similar to that found in aged, demented individuals. During this
period, three independent laboratories (Bowen et al., 1976; Davies and
Maloney 1976; Perry et al., 1977) reported reduced levels of the
acetylcholine synthesizing enzyme, choline acetyltransferase (ChAT) in
postmortem brains of AD patients, (ChAT is confined to cholinergic cells and
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is a viable postmortem marker of the integrity of cholinergic neurons).
Moreover, the reduced levels of ChAT were shown to be correlated with the
density of senile plaques (the major neuropathologic symptom of AD) and with
the severity of dementia exhibited before death (Perry et al., 1978). 1In
addition, a deficiency in the acetylcholine degradatory enzyme,
acetylcholinesterase, has been observed in brain tissue from AD patients
(Pope et al., 1965; Davies and Maloney, 1976; Atack et al., 1983).

Recently, a cholinergic animal model has been developed that shares
some of the neurochemical and behavioral disturbances associated with AD.
The major source of cholinergic input to the cortex appears to arise from
perikarya located in the nucleus basalis of Meynert (Johnston et al., 1979;
Fibiger, 1982). A loss of a specific population of cells within this region
of the brain has been reported to occur in AD (Whitehouse et al., 1981;
Candy et al., 1983). Destruction of the homologous area in the rat has been
shown to significantly lower cortical ChAT and produce performance deficits
in certain types of memory tasks (Laconte et al., 1982: Flicker et al.,
1983; Friedman et al., 1983; Altman et al., 1985).

This substantial body of information suggests that disturbances in the
cholinergic nervous system occur in AD and tbat the associative memory
dysfunction may be specifically related to impaired cholinergic function.

In addition, these data suggest the possibility that therapeutic
interventions designed to augument cholinergic neurotransmission might
improve memory in AD patients. Unfortunately, clinical trials aimed at
increasing cholinergic activity have not produced any effective therapy for
AD (Bartus et al., 1982; Brinkman et al., 1982), although trials with
acetylcholinesterase inhibitors are somewhat encouraging and warrant further
investigation (Summers et al., 1981; Beller et al., 1985).

In addition to the continued search for an effective cholinomimetic
agent for use in the treatment of AD, the contributions of other
neurotransmitter systems to the memory disturbances associated with the
disease are also being pursued. That is, there is emerging neurochemical
evidence that AD is a multidimensional disease, possibly affecting a number
of neurotransmitter systems. Furthermore, the cholinergic nervous system is
not the only neurotransmitter system suspected of playing an important role
in the processing of information. Accordingly, a considerable amount of
research effort is currently being directed toward understanding the
relation, if any, between Alzheimer's type dementia and the various chemical
changes reported to occur in AD.

The remainder of this chapter will focus on one such system, the
serotonergic nervous system. Changes in this system have been reported to
occur in AD and will be summarized. How these changes may or may not be
related to some of the clinical symptomatology of the disease will be
addressed by reviewing the results of animal studies which have examined the
effects of altered serotonergic activity on the performance of animals in
various learning and memory tasks. The purpose of the ensuing discussion is
not to suggest a "serotonergic hypothesis" for geriatric memory disorders.
Rather, it serves to provide a summary of data derived from several areas of
research and identify any functional relations that may exist between the
changes in the serotonergic nervous system and the memory disturbances
associated with AD.

SEROTONIN AND ALZHEIMER'S DISEASE
Changes in the functional and structural integrity of the serotonergic
nervous system in AD is indicated by several lines of evidence. Ishii

(1966) was first to report that serotonergic cells in the raphe nuclei of AD
patients frequently showed dense neurofibrillary tangle formation. The
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dorsal raphe (DR) nucleus and the median raphe (MR) nucleus were severely
affected. Recent studies have reported metabolic abnormalities and cell
loss in the raphe (Mann and Yates, 1983; Yamamoto and Hirano, 1985).
Although there is some disagreement regarding the relative contribution of
these two midbrain nuclei to the serotonin innervation of distinct brain
regions, there is general agreement that cells originating in the DR and MR
form the major ascending serotonergic pathways of the brain. Based on
histochemical fluorescence and autoradiographic tracing techniques, the DR-
MR complex appears to project to the striatum, substantia nigra, thalamus,
hippocampus, amygdala-olfactory area as well as the temporal, parietal,
piriform, cingulate, and frontal cortices (Azmithia, 1978; O'Hearn and
Molliver, 1984; Steinbusch, 1984). In addition, there appears to be a wide
range of afferents to both the DR and MR, including projections from the
hypothalamus, septal-hippocampus complex, locus coeruleus, cingulate cortex
and sensorimotor cortex (Azmitia, 1978).

Several investigators have found that serotonin and/or its metabolite,
5-hydroxy-3-indoleacetic acid (5-HIAA) are significantly lower in many areas
of postmortem AD brains. Bowen et al. (1979, 1983) reported significant
reductions of serotonin in the temporal lobe of AD patients. Winblad et al.
(1982) reported marked reductions of serotonin in the hippocampus and
hypothalamus, as well as the cingulate, temporal and frontal cortices
(Adolfsson et al., 1979; Winblad et al., 1982; Cross et al., 1983). A
recent study which investigated the levels of a number of neurotransmitters
and their metabolites in 22 regions of histologically verified AD brains
found a reduction in the levels of serotonin and 5-HIAA in nine and eight
regions, respectively (Arai et al., 1984).

Examination of CSF from patients with a clinical diagnosis of AD have
also shown a significant reduction in 5-HIAA levels (Gottfries et al., 1969;
Argentiero and Tavolato, 1980, Palmer et al., 1984). 1In a recent study,
Volicer et al. (1985) reported detection of "abnormal forms" of serotonin
and its precursor, 5-hydroxytryptamine, in the CSF of AD patients using a
novel multisensor coulometric detection system. In addition, turnover of
serotonin, as measured in CSF by loading test with probenecid, has been
reported to be reduced in AD patients (Gottfries and Ross, 1973).
Probenecid blocks passage of acid metabolites across membranes resulting in
an accumulation of the metabolites in the CSF and thereby provides an index
of serotonin turnover. The blunted rise in CSF 5-HIAA following probenecid
thus indicates a reduced or disturbed metabolism of serotonin in the brain.
It should be noted, however, that the clinical relevance of alterations in
CSF 5-HIAA in AD is uncertain since a large portion of the metabolite is
derived from serotonin released within the spinal cord (Bulat and Zivcovic,
1971; Garelis et al., 1974).

Biochemical markers of the serotonergic synapse also appear to be
significantly reduced in cortical brain tissue from AD patients. The uptake
of serotonin in biopsy samples of temporal cortex was found to be reduced by
72% in AD (Benton et al., 1982; Bowen et al., 1983). Another measurement
considered to reflect the integrity of serotonergic terminals is the binding
of imipramine. Imipramine binding sites are thought to be associated
(although not exclusively) with the serotonin uptake complex. A significant
reduction in imipramine binding has been observed in autopsy samples of
temporal cortex from AD patients (Bowen et al., 1983).

A significant reduction in the number of serotonin receptors has also
been reported to occur in AD (Bowen et al., 1979; Bowen et al., 1983; Cross
et al., 1984; Reynolds et al., 1984). Using 3H-LSD (which binds to both
serotonin S1 and S2 receptors), Bowen et al. (1979) observed a significant
reduction in serotonin receptors in the temporal cortex of postmortem AD
brains. More recent studies suggest that the reduction in serotonin
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receptors is somewhat selective to the S2 receptor subtype. That is, Cross
et al. (1986) found that the number of S2 receptors in the temporal cortex
was significantly reduced to 57% of controls with no change in the number of
S1 receptors. Although reductions in the S1 receptor have been reported
(Bowen et al., 1983; Briley et al., 1986), it has been suggested that these
changes appear to be associated with only the more severe (early onset) AD
cases. For example, Cross et al. (1984) observed a significant reduction in
Sl receptors in the temporal cortex, hippocampus and amygdala cf AD patients
that died at an early age (less than 75 years). These reductions were not
significant to AD patients who died over the age of 75. Both of these age
groups, however, showed significant reductions in the number of S2
receptors.

While the studies above provide evidence for a loss of pre- and post-—
synaptic markers of serotonin in AD, the markers are not affected to the
same degree in all areas of the brain. For example, in the study by Arai et
al. (1984), only 8 of the 22 brain regions examined demonstrated significant
reductions in both serotonin and 5-HIAA. Similarly, Cross et al. (1984)
reported that serotonin binding to its S1 receptor was significantly reduced
in only 3 of the 10 regions assayed. These findings may indicate that the
neurofibrillary tangle formation in the raphe puclei and any concomitant
dysfunction in serotonergic neurons originating in the raphe may be
secondary to the changes occurring in their projection sites. That is, if
abnormalities in the raphe nuclei were the primary changes in AD, tbhen one
would expect to observe a somewhat uniform reduction in serotonergic
presynaptic markers in many, if not all, of the brain regions innervated by
neurons originating in the raphe nuclei.

The data summarized above suggest that serotonergic neurotransmission
may be impaired in AD. The consequences of impaired serotonergic activity
in terms of the functional deficits in AD may be derived partly from the
results of animal studies designed to assess the effects of altered
serotonergic activity on learning and/or memory. It should be emphasized
that the experimental manipulations employed in the studies summarized below
were not used in an attempt to mimic those changes reported to occur in AD.
Rather, the studies were generally designed to examine and/or characterize
the role, if any, of serotonin in the physiological processes underlying
information processing.

SEROTONIN, LEARNING AND MEMORY

A number of observations support a role for brain serotonin in learning
and the processing and retrieval of acquired information. This evidence is
mainly derived from studies in which depletion of serotonin was found to
affect the performance of animals in a variety of learning/memory paradigms.
For example, combined electrolytic lesions of the DR and MR nuclei impaired
the acquisition of an unsignalled one-way conditioned avoidance response
(Lorens et al., 1976; Srebro and Lorens, 1975; Hole and Lorens, 1975), the
acquisition and extinction of a straight—alley food-reinforced task (Asin et
al., 1979) and the reversal of a Y-maze discrimination habit (Srebro et al.,
1975). Electrolytic lesions of both the DR and MR nuclei have been shown to
significantly reduce whole forebrain serotonin concentrations (Hole and
Lorens, 1975; Srebro and Lorens, 1975) and produce regional reductions in
the hippocampus and striatum (Lorens et al., 1976). Electrolytic lesions of
the MR nucleus alone have been shown to produce effects similar to those
seen after lesions of both midbrain nuclei. Thus, electrolytic MR lesions
impaired the acquisition of an unsignalled one-way conditioned avoidance
response (Srebro and Lorens, 1975), the acquisition of both a straight-
alley food-reinforced single alternation task (Asin et al., 1979) and a T-
maze successive brightness discrimination task (Asin et al., 1979) as well
as the acquisition of an 8-arm radial maze task (Asin et al., 1979; Asin et
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al., 1985). Destruction of the MR nucleus also appears to produce
retrograde amnesia since MR lesions have been shown to impair retention of a
preoperatively learned spatial discrimination task (Wirtshafter and Asin,
1983). The MR nucleus appears to be the primary origin of septal-
hippocampal serotonin, also sending fibers to the thalamus, hypothalamus and
neocortex (Bobillier et al., 1975; Azmitia and Segal, 1978). Accordingly,
electrolytic MR lesions have been reported to significantly reduce serotonin
levels in the hippocampus, thalamus, hypothalamus and frontal cortex (Jacobs
et al., 1974; Lorens and Guldberg, 1974). It may be relevant that in AD,
neurons within the MR nuclei frequently contain dense tangle formation
(Ishii, 1966) and that levels of serotonin/5-HIAA have been shown to be
significantly reduced in number of brain regions including the hippocampus,
thalamus, hypothalamus as well as the temporal and frontal cortices
(Adolfsson et al., 1979; Bowen et al., 1979; Winblad et al., 1982; Cross et
al., 1983).

In addition to electrolytic lesions of the midbrain raphe nuclei,
phammacological interventions that deplete brain serotonin have been
reported to impair the performance of animals in certain types of learning
and memory paradigms. For instance, depletion of brain serotonin with the
serotonin synthesis inhibitor p-chlorophenylalanine (PCPA) has been reported
to impair both active (Valzelli and Pawlowski, 1979) and passive (Stevens et
al., 1969) avoidance learning. Likewise, serotonin depletion by the
neurotoxin p-chloroamphetamine (PCA) impaired active avoidance acquisition
(Ogren et al., 1976). Moreover, interference with serotonergic
neurotransmission by either acute or chronic administration of serotonergic
receptor antagonists prior to training has been reported to impair active
(Hano et al., 1981) and passive (Bammer, 1982; Normile and Altman, 1985)
avoidance responding.

While the above results tend to support the view impaired serotonergic
function could contribute to the memory dysfunctions in AD, there are a
number of reasons why such an interpretation may be premature or at least,
simplistic:

1. The effect of serotonin depletions dependent op the type of task used
for testing. For example, combined electrolytic lesions of the DR and MR
nuclei have been shown to impair the acquisition and retention of an
unsignalled one-way active avoidance response (Srebro and Lorens, 1975) and
facilitate the acquisition of a signalled two-way active avoidance response
(Lorens and. Yunger, 1974, Srebro and Lorens, 1975). Moreover, PCA-induced
serotonin depletion has been reported to impair signalled two-way active
avoidance responding (Ogren et al., 1976), have no effect on unsignalled
one-way active avoidance acquisition (Ogren and Johnsson, 1985) and even
enhance spatial discrimination learning (Altman et al., 1985).

2. The effect of serotonin depletion is dependent on the procedure by vwhich
the depletion is accomplished. That is, electrolytic raphe nuclei lesions
have been shown to impair one-way unsignalled active avoidance acquisition
(Srebro and Lorens, 1975; Lorens et al., 1976). On the other hand,
acquisition was facilitated following depletion of serotonin induced by PCPA
(Ogren et al., 1981) while reductions in brain serotonin following PCA
administration were without effect (Ogren and Johansson, 1985).

3. Ipntracranial injections of 5,7-dihydroxytryptamine (5,7-DHT) have failed
to affect the performance of animals in a number of tasks. The hydroxylated
indoleamines produce a rather selective degeneration of central serotonergic
neurons and their terminal systems. Unlike electrolytic raphe nuclei
lesions, 5,7-DHT injected into the vicinity of the DR and MR puclei was
found not to affect the acquisition of an unsignalled one-way active
avoidance response (Lorens et al., 1976). Similarly, electrolytic midbrein
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raphe lesions have been shown to retard the acquisition of a spatial
discrimination task (Wirtshafter and Asin, 1983). Intramidbrain 5,7-DHT did
not produce the same effect (Asin et al., 1985). Intracranial
administration of 5,7-DHT has also been reported to have no significant
effect on signalled two-way active avoidance acquisition (Ogren et al.,
1981) and the performance of animals in both a delayed spatial alternation
task (Asin and Fibiger, 1984) and a one-trial passive avoidance task
(Montanaro et al., 1981). These data suggest, in part, that the effects of
electrolytic midbrain raphe lesions on information processing may not be due
to raphe nuclear damage per se and exemplifies the fact that different
experimental manipulations ns designed to impair serotonergic function can
differentially affect performance.

In summary, the available data suggest that the effects of reduced
brain serotonin or interference with serotonergic neurotransmission depend
on both the experimental methods employed to alter serotonergic activity and
the nature of the behavioral task used for testing the animal. It is
possible that the different results produced by the various manipulations
are caused by different degrees of serotonin depletion and/or regional
variations in serotonin levels. Furthermore, since many of the serotonin
depletion methods necessitate their use days to weeks prior to behavioral
assessment, it is also possible that depletion—-induced changes in non-
serotonergic systems may contribute to the different effects observed.
Finally, the discrepancies observed following reduced serotonmergic activity
may reflect alterations in sensory processing, locomotor activity and/or
task-dependent motivation. That is, a large number of data implicate
serotonin in functions such as sleep (Jouvet, 1969), nociception (Roberts,
1984), locomotion (Brodie and Shore, 1957) and appetite (Bundell, 1984).
Altered serotonergic activity may produce changes in any one or more of
these non—associative processes. This would likely differentially effect
the performance of animals in various types of tasks that employ different
sensory cues and/or reinforcement contingencies.

FUTURE DIRECTIONS

Although a strong case can be made for the importance of cholinergic
dysfunction in the development of the cognitive impairment in AD, and that
any effective treatment should involve restoration of cholinergic function,
it is becoming increasingly evident that other neurotransmitter systems are
affected in AD. Therefore, any neurotransmitter suspected of having a role
in the processing of information should be examined for its possible
contribution to the cognitive decline in patients with AD. The present
chapter has focused on the serotonergic nervous system. However, when
compared to the amount of basic and clinic research efforts directly or
indirectly relating to other systems (cholinergic, noradrenergic), there is
a paucity of research directed toward serotonin - its role in information
processing and the symptomatology of AD. Clearly, additional systematic
research is required to define and clarify the specific role of the
serotonergic nervous system in the processes underlying learning and memory
and any contribution that this system may have in the cognitive deficits
associated with AD.

Serotonin, learning and memory. There are presently several critical
methodological problems with regard to the tools employed to investigate the
role of serotonin in learning and memory. For example, 5,7-HDT can cause
significant reductions in spinal serotonin levels (Lorens et al., 1976) and
can have a substantial neurotoxic action on norepinephrine neurons which can
partially, but not totally, be counteracted by pretreatment with
norepinephrine uptake blockers (Bjorklund et al., 1975; Hole et al., 1976)
Likewise, PCPA is not specific for serotonin and can cause significant
reductions in the concentrations of norepinephrine and dopamine (Koe and
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Weissman, 1966; Ogren et al., 1981). Electrolytic lesions are not selective
for serotonin containing neurons since damage can occur to fibers of passage
and non-serotonergic perikarya within the raphe nuclei (Lorens, 1978; Ochi
and Shimizu, 1978). Even the serotonergic receptor antagonists demonstrate
an affinity for non-serotonergic receptors (Janssen, 1981; Leysen et al.,
1981). These observations may not only account for the discrepancies in the
results, but also exemplify the need for the development of newer and more
selective pharmacological agents that alter serotonergic function.

Further research should be directed toward identifying the specific
brain regions or pathways that may be important in the serotonergic-induced
response. This could be accomplished by lesioning specific pathways and/or
their terminal areas and by the regional application of pharmacological
agents that altar serotonergic neurotransmission. In addition, it is clear
that multiple types of serotonin receptors exist and that their distribution
in the brain is not uniform (Aghajanian and Wang, 1978; Peroutka and Snyder,
1979; Blackshear et al., 1981; Peroutka et al., 1981; Biegon et al., 1986).
While elucidation of the role of serotonin in information processing may be
complicated by the use of agents that simultaneously activate/antagonize
multiple serotonin recognition sites, the use of receptor-specific
pharmacological probes may help identify the type of receptor involved in
the serotonin-mediated response.

The possible interaction between the serotonergic nervous system and
other neurotransmitter systems suspected of having a significant role in
information processing needs to be investigated. That is, there exists a
substantial body of evidence supporting an anatomical/functional interaction
between serotonin and other neurotransmitter systems (Brodie and Shore,
1957; Euvard et al., 1977; Samanin et al., 1978; Baraban and Aghajanian,
1981), including the processes underlying learning and memory (Kruglikov,
1982; Vanderwolf and Baker, 1986; Normile and Altman, 1986; Cgren et al.,
1986). It is possible that serotonin modulates the activity of other
systems that are critically involved in information processing.
Consequently, alterations in serotonergic function may indirectly affect the
processing of information by directly influencing the activity of other
neurotransmitter systems.

The contribution of several non—-learning or non-associative factors
(nociception, motivation, locomotion, perception) to the serotonergic-
induced effect needs to be examined. That is, studies involving the effects
of serotonergic manipulations on the performance of animals in various tasks
should be designed (when possible) to simultaneously evaluate whether
changes in non—-associative factors may be partly responsible for the
observed change in performance.

Serotonin and AD. Obviously, continued research effort must be
directed toward identifying and characterizing the changes that occur in the
serotonergic nervous system in AD. This research should not only focus on
the regional changes that occur, but also the quantitative and temporal
relation of these changes to those of other transmitter systems. Such an
analysis may identify subgroups of AD patients and ultimately provide a
rationale for a combination treatment strategy. It should be mentioned that
the lack of significant reduction in serotonin levels in a particular brain
region may not exclude its involvement in the symptomatology of AD. That
is, serotonin has been shown to have both excitatory and inhibitory actions
on central neurons (Haigler and Aghajanian, 1974; Wang and Aghajanian,
1977). 1In addition, procedures designed to enhance serotonergic activity
have been reported to impair avoidance responding (Eassman, 1973; Fibiger et
al., 1978; Ogren and Johansson, 1985) and discrimination learning (Wooley

148



and Vander Hoeven, 1963; Wetzel et al., 1980). Accordingly, if serotonin
possesses an inhibitory action on other neuronal systems more vulnerable to
the disease process (e.g., the cholinergic nervous system), then its normal
degree of inhibition may be enhanced by the concomitant reduction in
cholinergic efficiency. Therefore, the regional balance (or imbalance)
between neurotransmitter systems may be more relevant to the clinical
symptoms of the disease than a change in the level of any single
neurotransmitter.
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INTRACRANTAL CHOLINERGIC DRUG INFUSION IN PATIENTS WITH ALZHEIMER’S DISEASE

Robert E. Harbough

Section of Neurosurgery, Department of Surgery
Dartmouth-Hitchock Medical Center
Hanover, N.H. 03756

Improved understanding of the chemical aspects of brain function during
the last two decades has changed our concepts of a number of neurologic
diseases (Snyder, 1984; Harbough, 1985a). Unfortunately, clinical
application of this information has been plagued by longstanding problems
with drug delivery to the brain. Neurosurgery may have a role to play in
previously non-surgical neurologic disease by the ability of neurosurgeons
to overcome problems with drug delivery to the brain. Neurotransmitter
augmentation by regional infusion of drugs into the central nervous system
may open a whole new field of neurosurgical endeavor.

Presented here is a brief review of problems encountered when
attempting to deliver drugs to the brain. Experience with intracranial
cholinomimetic drug infusion in patients with Alzheimer’s disease will be
used as a model for delineating the rationale, benefits, and risks of
central drug infusion as a means of overcoming these problems.

DRUG DELIVERY TO THE BRAIN IN PATIENTS WITH ALZHEIMER’S DISEASE

The clinical presentation of patients with Alzheimer’s disease has been
clearly delineated (Reisberg, 1983). In addition to the well documented
memory dysfunction, these patients also exhibit alterations in attention,
language, mood, psychomotor abilities, food intake, and sleep patterns. How
much of this behavioral dysfunction is due to neurochemical abnormalities is
a subject of controversy (Bartus et al., 1986). Before considering the
rationality of any drug therapy, one should consider the evidence for
neurochemical brain dysfunction in patients with Alzheimer’s disease.

The short-term memory dysfunction in patients with Alzheimer’s disease
may be due to anatomical disruption of afferent and efferent hippocampal
fibers resulting in isolation of the hippocampi from the rest of the brain.
If this proves to be the case, then drug therapy is unlikely to have
clinically meaningful effects on short-term memory.

However, there is also substantial evidence to suggest that some
symptoms of patients with Alzheimer’s disease may be secondary to
neurochemical abnormalities. An extensive literature on this subject has
been reviewed elsewhere (Carlson, 1983). The well-documented decrease of
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brain cholinergic activity in such patients has been of particular interest.
Evidence for a cholinergic hypothesis of Alzheimer’s disease and treatment
approaches based on this hypothesis have also been extensively reviewed
(Bartus et al., 1986). There does seem to be adequate evidence for
neurochemical abnormalities to justity treatment approaches that attempt to
manipulate cholinergic neurotransmitter levels in Alzheimer’s disease
patients.

Even if the symptoms of Alzheimer’s disease can be ameliorated by
increasing brain cholinergic activity, there are still substantial
difficulties to be overcome in delivering a cholinomimetic substance to the
brain (Harbough, 1985b). These include adverse systemic side effects,
peripheral inactivation or metabolism of drugs, inadequate blood-brain
barrier penetration, erratic drug absorption, serum protein binding, and
poor patient compliance. Because of these difficulties we began
investigating the possibility of delivering a muscarinic agonist to the
brain by means of continuous intracranial infusion (Harbough et al., 1984).
All clinical trails were approved by the committee for the protection of
human subjects at our institution.

Earlier experience with implantable drug delivery devices (Coombs et
al., 1983; Harbough et al., 1982) has shown that such an approach was
technically possible. The potential advantages, rationale, and potential
risks of central drug infusion will be briefly discussed. The mechanism of
the implantable pump (Intermdeics-Infusaid, Inc., Norwood, MA) has been
previously presented (Harbough et al., 1982; Harbough et al., 1984) and will
be reviewed.

The potential advantages of intracranial drug infusion are numerous.
Direct infusion of drugs into the cerebral ventricles bypasses the problems
of systemic side effects, peripheral drug inactivation, poor drug
absorption, serum protein binding, inadequate blood-brain barrier
penetration, and poor patient compliance. However, intrathecal drug
administration has by and large been ineffective (Aird, 1984). Therefore,
the first question to be addressed regarding central drug intusion is
whether drugs achieve adequate brain penetration from the cerebrospinal
fluid.

In many ways the cerebrospinal fluid is an ideal drug delivery medium,
with little protein binding and decreased enzymatic activity compared to
plasma (Wood, 1980). The subarachnoid space penetrates the brain by means
of the Virchow-Robins spaces, and substances in the cerebrospinal fluid
enter the brain extracellular fluid by diffusion (Blasberg et ai., 1975).
However, the extent of drug penetration into the brain depends not only on
the drug being used, but also on the method of administration.

Most clinical trials of central drug administration have employed
single or intermittent bolus injections into the subarachnoid space or
ventricular system. Of all the ways to deliver drugs to the central nervous
system, this is probably the worst. Bolus injections initially result in
very high cerebrospinal fluid drug concentrations and relatively limited
parenchymal penetration (Blasberg et al., 1977). In addition, a single
bolus of drug is likely to be more toxic and less effective than more
frequent smaller doses (Bleyer et al., 1978). However, even with bolus
administration, drugs will penetrate the parenchyma and, as cerebrospinal
fluid is cleared by bulk flow, diffuse back into the subarachnoid space
(Blasberg et al., 1977). In situations where high drug concentrations
in the cerebrospinal fluid or immediately adjacent parenchyma are desired
(carcinomatous meningitis, spinal anesthesia/analgesia, chemical rhizotomy),
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bolus injections are effective. However, if deeper diffusion into
parenchyma is desired, longer term infusion is necessary (Blasberg et al.,

1975) .

Intravascular administration of drugs that cross the blood-brain
barrier shows a rapid onset of action due to the short circulation time and
extensive vascular-central nervous system interface (Aird, 1984). However,
drugs administered into the cerebrospinal fluid require much longer for
adequate diffusion into the parenchyma (Lee and Olszewski, 1960). As the
duration of central drug administration increases, the depth of parenchymal
penetration, even of large protein molecules, also increases (Brightman and
Reese, 1968). Therefore, to adequately evaluate the effectiveness of
central drug administration, infusions must be carried out over a period of
days to weeks (Blasberg, 1975).

The site of infusion within the central compartment may also be of
significance. Drug penetration into the parenchyma may occur more readily
through the ependymal than the pial surface (Rall, 1968), and drugs
administered into the subarachnoid space may not enter the ventricular
system (Bleyer and Poplack, 1978). Therefore, intraventricular drug
infusion is a more reasonable approach for achieving diffuse brain
penetration than is lumbar intrathecal administration. Conversely, if one
wishes to confine drug effect to the spinal cord with minimal effects at
higher levels of the neuraxis, then intraspinal infusion may be beneficial
(Harbough, 1982; Coombs et al., 1983). Thus, some relatively restricted
neuropharmacologic effects can be achieved. Theoretically, with stereotaxic
cannula placement and very low flow rate infusion devices, delivery of
minute quantities of drugs to very circumscribed regions of brain parenchyma
is possible.

When evaluating the effectiveness of central drug administration, the
choice of drug is as important as the method of delivery. The ability of a
drug to cross the blood-brain barrier is more likely to be detrimental than
beneficial if the drug is given as a continuous central infusion. Drugs
which readily cross brain capillaries can be readily cleared from the
central nervous system when infused into the cerebrospinal fluid (Blasberg,
1975). The use of such drugs may be valuable if high local concentrations
in tissue adjacent to the subarachnoid space or ependyma is desired.
However, if deeper parenchymal penetration is the goal, then lipid
insoluble, polar molecules are better candidates for infusion (Blasberg,
1975).

When considering drugs for long-term central infusion, chemical and
biological stability become important criteria. For continuous infusion via
an implantable pump, the infused drug must be stable at body temperature for
at least as long as the time between pump refills. In addition, if
widespread diffusion of active drug into parenchyma is desired, then the
infused drug cannot be rapidly metabolized within the central nervous system
or cerebrospinal fluid. This last consideration may not apply to local
intraparenchymal infusion where a steep concentration gradient of active
drug could be beneficial. Our clinical experience at Dartmouth with
implantable infusion devices for central drug administration may serve to
illustrate some of the points raised above (Harbough et al., 1982; Coombs et
al., 1983; Harbough et al., 1984; Harbough, 1985b; Harbough et al.,
submitted for publication).

Previous attempts at increasing brain cholinergic activity in patients

with Alzheimer’s disease by administration of acetylcholine precursors,
cholinesterase inhibitors, or systemic cholinergic agonists had been
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attended by the difficulties with drug delivery to the brain discussed
earlier in this paper (Bartus et al., 1986). Intracranial cholinergic drug
infusion was started as a means of testing the validity of the cholinergic
hypothesis and as an attempt at therapy for a devastating neurologic disease
with no known treatment.

The drug delivery system used consists of a Intermedics-Infusaid
implantable pump connected to a Silastic intracranial catheter. The pump
consists of a discoid titanium shell containing a metal bellows drug chamber
and an underlying charging fluid chamber. Vapor pressure generated by a
two-phase fluorocarbon in the charging fluid chamber compresses the bellows,
forcing the drug through an outlet flow restrictor and into the outflow
catheter. After implantation, the drug chamber can be refilled
percutaneously via an inlet septum. Each pump has a preset flow rate and
drug dosage is varied by changing the concentration of the infusate.

A stable, water soluble, pure muscarinic agonist which is not degraded
by cholinesterases was sought for infusion. Bethanechol chloride
(Urecholine; Merck, Sharp and Dohme), an ester of a choline-like compound,
has significant muscarinic activity without nicotinic agonist properties, is
not hydrolyzed by cholinesterases, and is freely soluble and stable in
water. The drug is commercially available as a sterile solution with no
preservatives and has a neutral pH.

Following toxicity studies in dogs, a preliminary clinical trial was
approved by the committee for the protection of human subjects at our
institution {Harbough et al., 1984). All patients in our study had a
history of progressive memory, cognitive, and social dysfunction for at
least three years and demonstrated moderately severe to severe cognitive
decline. A thorough clinical, laboratory, and radiologic evaluation was
carried out to exclude other causes of progressive dementia. If a patient
was then felt to be an acceptable candidate for the study, informed consent
was obtained from the patient and the family before proceeding.

Under general anesthesia, patients were positioned and draped as of
ventriculoperitoneal shunt placement. A small frontal craniotomy was done,
a cortical biopsy taken for light and electron microscopic documentation of
Alzheimer’s disease (Harbough, in press), and the intrathecal catheter
placed (Harbough et al., 1984). The pumps were sutured in a subcutaneous
abdominal pocket and the outflow catheters tunneled subcutaneously and
connected to the intracranial catheters with straight metal connectors.
Connections were secured with nonabsorbable ligatures and the incisions were
closed. Pumps were refilled percutaneously at three-week intervals on an
outpatient basis.

As mentioned earlier, the problems of systemic drug inactivation, serum
protein binding, drug absorption and poor blood-brain barrier penetration
are avoided by delivering a muscarinic agonist into the ventricular system.
The use of an implantable continuous infusion pump permits long-term
intracranial infusion of drug or placebo on an outpatient basis and avoids
any problems of patient compliance. Pump flow rates ranged from 1 to 2
ml/day. Systemic side effects were not encountered.

For patients with Alzheimer’s disease, drug distribution to the
hippocampi, locus coeruleus, reticular nucleus of the thalamus, and cerebral
cortex was desired. Therefore, for the reasons outlined above a drug that
does not cross the blood-brain barrier, infused into the ventricular system,
was chosen.
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The potential advantages of central drug infusion have been discussed.
There are, however, some potential disadvantages which require equal
consideration. These include the operative risks of catheter placement and
pump implantation and the risk of increased neurotoxicity.

As for any neurosurgical procedure, the risks of catheter placement and
pump implantation include anesthetic complications, hemorrhage, and
infection. Although all these risks are low, there is probably an
irreducible minimum and some complications must be anticipated.

The risk of neurotoxicity with intracranial drug infusions must also
be considered. Before considering intracranial to intraspinal infusion of
drugs in patients, toxicity studies in animals are mandatory. Although such
toxicity studies decrease the risk of human neurotoxicity, some unexpected
reactions to drug infusions in patients are likely to occur. We have now
been infusing bethanechol chloride intracranially in patients with
Alzheimer’s disease for more than 30 months (Harbough et al., submitted for
publication). One patient developed a reversible Parkinsonian syndrome or
rigidity and bradykinesia and another developed a reversible cerebrospinal
fluid inflammatory response which may or may not have been related to drug
infusion (Harbough et al., 1984; Harbough, submitted for publication).
Experience with more patients infused for longer periods of time will be
necessary before any accurate figures on the risk of neurotoxicity are
available. However, to date, drug infusions appear to be well tolerated
(Harbough, submitted for publication).

The feasibility of intracranial and intraspinal administration of
neurotransmitter analogues has been demonstrated (Harbough et al., 1982;
Coombs et al., 1983; Harbough et al., 1984; Harbough, 1984; Harbough,
submitted for publication). However, the value of these therapeutic
endeavors over presently available therapy remains to be proven (Harbough et
al., 1982; Coombs et al., 1983; Harbough et al., 1984; Harbough, submitted
for publication). We are conducting studies of the effects of intracranial
bethanechol infusion on activities of daily living and neuropsychologic test
scores in a double-blind, placebo-controlled crossover design. Preliminary
studies show family reports of decreased confusion, increased initiative,
and improvements in activities of daily living during the drug infusion, but
no subjective improvement in short-term memory has been reported (Harbough
et al., 2984). A double-blind study at another institution has shown
similar results (Personal communication, R.D. Penn, 1986). Long-term
follow-up on our initial four patients suggests that improvement in function
is maintained for at least two years (Harbough, submitted for publication).

Clearly, a great deal more work needs to be done to determine if
central cholinergic drug infusion has a therapeutic effect in patients with
Alzheimer’s disease, and if so, how this effect is achieved. However, I
think this technique of drug delivery to the brain will be of greater
importance than the outcome of any single clinical trail.

SUMMARY

Increasing evidence documents the importance of neurochemistry in
normal and pathologic brain function. This information suggests innovative
therapeutic approaches for previously untreatable neurologic disease by
manipulation of brain chemistry. Neurosurgery may have a role to play in
allowing drug delivery to the brain, either diffusely or within anatomically
restricted areas. Neurotransmitter augmentation by drug infusion may open
entirely new fields of neuropharmacology and functional neurosurgery.
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In relation to Alzheimer’'s disease, experience with intracranial
cholinergic drug infusion suggests that this treatment approach does improve
behavior in some patients. Double-blind studies, long-term follow-up
studies and animal trials searching for an ideal cholinergic drug tor
infusion are underway.
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INTRODUCTION

Following the seminal studies of Stenevi et al. (1976) and Lund and
Hauschka (1976), the techniques of neural transplantation have been increasingly
employed to study regeneration and recovery of function in the mammalian
brain. Experiments, primarily using fetal rodent donor tissue, have demonstrated
that neural grafts can survive and develop relatively normal cytoarchitectural
features, neurochemical properties and synaptic relationships when implanted
into a host nervous system (for a review see Gash et al., 1985). Neural
transplants have been found to be effective in ameliorating neurological deficits
in rodent model systems of Parkinson's disease (Perlow et al., 1979), Huntington's
disease (Isacson et al., 1984), neuroendocrine disorders (Gash et al., 1980;
Krieger et al., 1982) and cognitive deficits (Low et al., 1982; Dunnett et al.,
1982). These successes with transplants in rodents have led to suggestions that
neural transplants might be of therapeutic value in treating human neurological
disorders, including neurodegenerative disorders associated with aging such as
Alzheimer's disease and Parkinson's disease (Backlund et al., 1985; Gash et al.,
1985). The present paper will review recent studies on transplants in rodents
with cognitive deficits, and discuss the potential of using transplants in treating
Alzheimer's disease.

NEURAL TRANSPLANTATION

Stenevi et al. (1976), in investigating the optimal conditions for neural
graft survival, found that the best results were obtained when fetal central
nervous system neurons were placed next to a rich vascular supply. In fact, a
review of the literature reveals that almost every area of the fetal brain can be
successfully transplanted if care is taken with procedural details (see for
example Olson et al., 1984). In contrast, mature CNS neurons have never been
found to survive in transplants (Saltykow, 1905; Wenzel and Barlehner, 1969;
Stenevi et al., 1976). The reason fetal CNS neurons survive grafting procedures
while adult neurons do not, is probably related to several factors. First, fetal
neurons are less affected by low oxygen levels than mature neurons (Jilek, 1970)
and grafting procedures necessarily involve periods of anoxia until an adequate
blood supply is established by the transplant. Secondly, fetal neurons seem to
survive best when they are taken during a rapid growth phase and before
connections are established with target tissues (Boer et al., 1985). By choosing
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the optimal period in development, neurons can be dissected from the donor
embryonic brain without damaging axonal and dendritic processes and thus
prejudicing their survival. Also, the millieu of the damaged host brain
apparently contains growth and survival factors which promote the viability of
the grafted cells (Nieto-Sampedro et al., 1984) and fetal tissue may be especially
responsive to these factors. Finally, the brain is classified as an
"immunologically priviledged site" because allogeneic grafts are either not
rejected or are rejected at a slower rate in the brain then in other sites in the
body (Freed, 1985; also see Mason et al, 1985).

Other donor tissues have also been employed in neural grafts. In sharp
contrast to CNS donor tissues, mature neurons from the peripheral nervous
system (e.g. superior cervical ganglion) readily survive implantation into the
brain (Ranson, 1914; Stenevi et al., 1976; Rosenstein and Brightman, 1984). In
fact, a number of recent studies have concentrated on using the adrenal medulla
(which can be considered in many ways to be a modified sympathetic ganglion),
for transplants into rodents and nonhuman primates with movement disorders
related to Parkinson's disease (Freed et al., 1981; Morihisa et al., 1984). Adrenal
transplants have been moderately successful in the rodent model of Parkinson's
disease (Freed et al., 1981). However, the viability of adrenal medulla grafts in
nonhuman primates has been disappointing; only a few to several hundred adrenal
medullary cells could be identified in implantation sites in adult Rhesus monkey
hosts (Morihisa et al., 1984). Swedish clinicians have attempted adrenal medulla
autograf;s in four Parkinsonian patients with very limited success (Backlund et
al., 1985).

In addition to fetal CNS tissue and grafts of peripheral origin, our group
(Gash et al., 1985; Kordower et al., 1986) and others (Jaeger, 1985) have begun to
examine the properties of cultured cell lines to determine their suitability as
donor tissues in neural implants. In a recent study involving five adult African
green monkeys. We tested the ability of cells from a human neuroblastoma cell
line, IMR-32 to survive for prolonged periods when implanted into the nonhuman
primate hippocampus (Gash et al., 1986a). The IMR-32 cells were selected for
this study because (i) they synthesize several neurotransmitters including
acetylcholine, norepinephrine, dopamine, and serotonin (Gupta et al., 1985), (ii)
the cells can be induced to differentiate in vitro with the appropriate chemical
treatment (Bottenstein, 1981; Gupta et al., 1985) and (iii) IMR-32 cells only
weakly express the major human transplantation antigens (Lampson et al., 1983).
We found that the grafted IMR-32 cells remained differentiated in the host brain
for the longest time periods examined, 270 days (Gash et al., 1986a). Processes
from the grafted cells could be identified coursing into the host brain. Our
results imply that neuroblastoma cells possess many of the properties desired for
donor tissue in neural implants.

Cognitive Dysfunctions and Neural Implants

Several research groups, including ours, have tested the ability of neural
implants to alleviate cognitive dysfunctions in rodents. Improved performance
following transplantation has been found on passive avoidance behavior tests and
in memory as measured by performance on various maze tasks (see Table 1). For
example, maze performance in rats has repeatedly been shown to be affected by
lesions which disrupt septal cholinergic fibers innervating the hippocampus
(Crutcher et al., 1983). In an elegant series of experiments, Bjorklund and his
colleagues have shown that fetal septal grafts are capable of providing
cholinergic reinnervation of the hippocampus and dentate gyrus of adult rats
which closely mimics the original pattern of innervation anatomically (Bjdrklund
and Stenevi, 1977), biochemically (Kelly et al., 1985) and electrophysiologically
(Segal et al., 1985). Such septal transplants effectively ameliorate maze
performance deficits in septohippocampal lesioned adult rats (Dunnett et al.,
1982).
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Table 1:

Cognitive Improvements in Rodents Following Neural Transplantation

Deficits
Animal Measured Graft Reference
septohippocampal- maze performance fetal septal- Low et al., 1982;
lesioned adult diagonal band Dunnett et al.,
female rats 1982
aged female rats maze performance fetal septal- Gage et al., 1984
diagonal band
hippocampal maze performance fetal hippocampus Kimble et al., 1986
lesioned adult
male rats
frontal cortex maze performance fetal frontal cortex Labbe et al., 1983
lesioned adult
male rats
nucleus basalis passive avoidance, fetal ventral Fine et al., 1985;
lesion maze performance forebrain Dunnett et al.,
‘ 1985
aged male rats passive avoidance fetal locus Collier et al.,
coeruleus 1985, 1986

Recently, Fine et al. (1985) have used cholinergic neural transplants to
reverse passive avoidance deficits in rats created by unilateral nucleus basalis
lesions. The importance of this study is its potential relevance to Alzheimer's
disease. It has been consistently observed that neurodegenerative changes occur
in the nucleus basalis of Alzheimer's patients and these changes are assumed to
be responsible for the dramatic reductions of cortical cholinergic enzymes which
characterize this disease.

As in humans, significant variations are found in the performance of aged
rats on various motor and cognitive tasks (Gash et al., 1984, Collier et al., 1985;
Collier et al., 1986). We have found that aged rats with reduced noradrenaline
levels in the locus coeruleus also show an impaired passive avoidance response.
Fetal locus coeruleus grafts improve (prolong) passive avoidance behavior in
these aged animals. As with the above study of Fine et al., our experiments are
potentially relevant to Alzheimer's disease. Post-mortem analysis of human
Alzheimer's tissues indicate that the deterioration of brain noradrenergic
systems may contribute to severe learning and memory impairments which
characterize the end state of the disease. Our studies, in concordance with
others, suggest a potential application for neural transplants in the therapeutic
treatment of Alzheimer's disease.

Future Directions

Is there a clinic role for neural transplantation in treating Alzheimer's
disease? While the results from the preliminary studies on rodents are
encouraging, they only provide a general outline for developing transplantation
strategies for treating humans. In our opinion (see Kordower and Gash, 1986),
one essential step in assessing the potential therapeutic role of neural
transplantation is to conduct grafting studies on nonhuman primates with
Alzheimer's-like cognitive dysfunctions. The primate brain, especially the
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cerebral cortex, is more complex and shows a higher level of organization than in
rodents. Both man and nonhuman primates (but not rodents) possess a large,
convoluted telencephalon which is intimately involved in higher cognitive
functions. Alzheimer's disease has been characterized as a cortical dementia
and animals possessing a well-developed cerebral cortex resembling the human
brain would seem to be essential for its study.

Several research groups, including ours, are now attempting to develop a
valid nonhuman primate model of Alzheimer's disease. We (Kordower, Bartus,
Okawara, and Gash, in preparation) have begun by mapping three dimensional
arrangements of the cholinergic and catecholaminergic systems in the Cebus
apella monkey brain. Neuronal subsets of these systems, including cholinergic
neurons in the nucleus basalis and noradrenergic neurons in the locus coeruleus,
have been found to be severely affected in Alzheimer's disease. We have also
begun to systematically lesion brain regions, such as the nucleus basalis, which
consistently demonstrate degenerative changes in Alzheimer's disease and then
evaluate the neurochemical and neuropathological consequences of these lesions.
The purpose of these studies is to determine which lesions, or set of lesions,
creates Alzheimer-like alterations in Cebus monkeys. By having the appropriate
animal model, new therapeutic strategies, such as neural transplantation, can be
developed. In addition, by studying the experimental conditions which produce
Alzheimer-like changes in the primate brain, new insights should be gained into
the events occuring in the early stages of Alzheimer's disease in man. The early
events in the development of Alzheimer's disease are poorly understood at
present. As discussed elsewhere (Gash et al., 1986), the key for any successful
treatement of Alzheimer's disease probably lies in the early detection and early
clinical intervention.
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INTRODUCTION

Treatment of the depressed elderly patient requires careful appraisal
of the nature and severity of the patient's affective disturbance. A
program is then selected that will offer the optimum balance between the
disruptive effect of the symptoms and the antidepressant treatments, most of
which have a high potential for toxicity in older people. Milder
depressions may be successfully treated with psychotherapy or the
psychostimulants. More severe depressive states usually require treatment
with cyclic antidepressants, monoamine oxidase inhibitors, or
electroconvulsive therapy. Antidepressant treatment is often undertaken in
patients with cardiovascular disease or preexisting cognitive dysfunction,
which emphasizes the need for special care in treating this population.

Treatment with Psychotherapy

Comprehensive reviews of the literature on the psychotherapeutic
treatment of depression in the elderly have emphasized the importance of
this approach, the need for therapist optimism, and the various techniques
that may be helpful for the older patient (Steuer, 1982; Charatan, 1985).
There have been no controlled studies, however, of the therapeutic efficacy
of individual psychotherapy in the treatment of depressed elderly patients.
Jarvik (1982) has demonstrated that after 26 weeks, group psychotherapy
provided some benefit for most patients over the age of 55 although it was
completely therapeutic in only 127 of patients as compared with 45% of
patients who had a complete response to imipramine. Gallagher and Thompson
(1983) have published a clinical report on the effectiveness of
psychotherapy in both endogenous as well as non-endogenous elderly
outpatients; both brief and cognitive therapy was highly effective in older
out patients with non-endogenous depression; endogenously depressed patients
responded less well.

These reports suggest that for the mildly dysphoric or depressed
elderly patient without delusions or marked vegetative symptoms,
psychotherapy, in one form or another, may help relieve depressive symptoms.
Psychotherapy may also be of help to the older person who is recovering from
a depression, as well as for improving coping strategies to help diminish
stress that might trigger another depressive episode. Psychotherapy may
also be helpful in improving antidepressant drug-taking compliance in an
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older patient who might otherwise not wish to take a side-effect producing
drug.

There are no reports suggesting that psychotherapy has therapeutic
benefit in the treatment of older patients with severe depressions
characterized by marked vegetative signs, or depressions with delusions.
These depressions, which may be life-threatening, usually must be treated
with pharmacotherapy or electroconvulsive therapy,

Psychomotor Stimulants

Some elderly persons, although not clinically depressed, appear to have
lost a zest for life and have become apathetic, withdrawn and progressively
disinterested in their surroundings. Elderly patients with chronic medical
diseases may become so discouraged and demoralized that they appear resigned
to death and cease to participate in their rehabilitative treatment.

Despite the severity of their dysphoria, these patients may not fulfill the
diagnostic criteria for true depression and may not respond to
antidepressant therapy. CNS stimulants such as methylphenidate and
amphetamines are sometimes useful (for brief periods) for apathetic,
withdrawn, disheartened, or demoralized older people (Kaplitz, 1975; Kayton,
1980).

The prescription of stimulants to older patients (especially very old
patients) requires a careful medical examination to rule out cardiovascular
disease and hypertension; both of these conditions are relative
contraindications (depending on the severity of these illnesses) to
stimulant prescription (Salzman and van der Kolk, 1984). Since stimulants
may adversely interact with a number of other drugs that are likely to be
taken by older patients (e.g, guanethidine, vasopresscrs, oral
anticoagulants, anticonvulsants, imipramine, desipramine, (Jenike, 1985), a
careful drug history must also be taken and stimulants not prescribed in
conjunction with these other drugs.

Low doses of stimulants are often beneficial. Starting doses of 2.5 to
5 mg of methylphenidate may be prescribed for older patients; the drug
should be given in the morning; if given in the late afternoon, evening, or
nighttime, it may cause insomnia. If well tolerated, the dosage may be
increased by 2.5 to 5 mg every 2 or 3 days until a total daily dosage of 20
mg is reached.

The most common side effects of stimulants are tachycardia and mild
increases in blood pressure. Methylphenidate is preferred to amphetamires
because of lower cardiovascular toxicity. Stimulants given to patients who
are demented, whether or not they are depressed do not appreciably improve
any cognitive function, and may aggravate behavioral symptoms associated
with dementia such as agitation, paranoia, restlessness, insomnia and
assaultiveness (Salzman, 1981).

Cyclic Antidepressants

For most elderly patients whose depression is not immediately life-
threatening, who are not delusional, and who do not have a physical illness
that would contraindicate their use, cyclic antidepressants remain the first
choice of treatment. Although several comparative drug trials have been
conducted there are no studies that demonstrate the therapeutic superiority
or inferiority of any cyclic antidepressant in the elderly depressed patient
(Gerner, 1984). Selection of a particular antidepressant, therefore,
depends on four factors other than differential efficacy; 1) alteration of
the pharmacokinetic disposition of antidepressant drugs by the aging
process; 2) history of prior response to a given drug; 3) the patient's
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physical health, and 4) knowledge of the side effects profiles of the
various antidepressant drugs.

1) Altered Disposition of Antidepressants

The aging process diminishes the efficiency of the hepatic microsomal
enzyme system so that metabolism of antidepressants is delayed, and drugs
accumulate in tbe body and blood stream. Antidepressants whose metabolic
pathways include demethylation (tertiary amines: amitriptyline, imipramine,
doxepin, trimipramine) are particularly vulnerable to the aging process
since demethylation is impaired. This leads to higher plasma levels of the
non-demethylated compound as compared with its demethylated metabolite
(secondary amines: nortriptyline, desipramine, desmethyldoxepin,
desmethylimipramine); since the non-demethylated compounds tend to be more
toxic, these tertiary amines produce more frequent and more severe side
effects in older patients (Salzman, 1984). 1In addition to decreased
demethylation leading to higher ratios of tertiary:secondary amines, both
compounds increase in the blood stream as a consequence of the reduced
bepatic metabolism and decreased clearance. These increased plasma levels,
in older people, as compared with levels produced in younger adults taking
comparable doses, also predispose the older patient to toxicity unless
prescribing doses are lower to accommodate these metabolic changes. Not all
studies, however, support the assumption of increased steady state
concentrations with age. Cutler (1981), for example, found that
concentrations of desipramine, and of the hydroxy desipramine metabolite
were not increased in the elderly, suggesting that not all antidepressants
may be equally affected by the aging process. Other studies of desipramine
(Ziegler and Biggs, 1977; Bertilsson et al., 1979; Nelson et al., 1982;
Nelson et al., 1982) also failed to find an increase in steady state plasma
concentrations of nortriptyline or amitriptyline.

Decreased metabolic efficiency in the aging liver also reduces drug
clearance so that antidepressants, as a group, remain at least twice as long
in the body as they do in younger adults (Salzman, 1984b). Recent
pharmacokinetic data regarding the new antidepressant fluoxetine, did not
demonstrate any lengthening of elimination half-life. However, in both
young as well as old subjects, the half-life was approximately four days; in
older patients, such long acting compounds may predispose the older patient
to an increased risk of toxicity (Lemberger, 1985).

Plasma protein binding of antidepressants may also be altered in the
elderly, although the clinical consequences of such alteration is not clear.
There is convincing evidence to demonstrate a decrease in serum albumin
levels with advanced age (especially past the age of 80) and similar data to
show, as would be expected, that binding to albumin is decreased (Salzman,
1984b). However, antidepressant binding to albumin is low affinity; high
affinity binding occurs to alpha-l-acid glycoprotein (Javaid et al., 1983),
and the effect of age on this protein is not clear. Some data suggests that
this protein may increase with age (Abernathy and Kerzner, 1984) offsetting
the decrease in albumin binding. Clinically, it has been suggested that one
of the reasons for increased antidepressant sensitivity among older patients
1s decreased protein binding, which leads to a higher plasma fraction of
unbound (and therefore potentially toxic as well as therapeutic) drug
(Salzman, 1982; 1984b).

The relationship between prescribing dose, plasma level and therapeutic
response in older patients remains unclear. For reasons outlined above,
lower doses probably produce plasma levels equivalent to those that would be
produced by higher doses in younger recipients, although careful studies
have not been conducted, and there is wide variation among older
individuals. Jarvick et al., (1982), for example, found that 75 mg/day of
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imipramine or doxepin was more therapeutic than higher doses of imipramine
or desipramine for severely depressed delusional elderly patients, but half
of the patients had to discontinue the study due to intolerable side effects
or worsening clinical condition.

In general, therapeutic response in the elderly is associated with
plasma levels in the therapeutic range, and there are not studies to suggest
that older patients respond to subtherapeutic (by young adult standards)
plasma levels. Friedel (1975), for example, has shown that elderly
responders to doxepin had higher blood levels than nonresponders; Ward et
al., (1982) similarly showed that higher levels of both doxepin and
desmethyldoxepin were associated with therapeutic response in older
patients. Smith (1980) reported that elderly responders to nortriptyline
had plasma concentrations within the therapeutic range for all adult
patients. Nelson et al., (1985) found that elderly patients did not respond
to lower desipramine levels; therapeutic levels were required.

Taken together, these data suggest that therapeutic plasma levels of
antidepressant are required for efficacy in older patients, but that smaller
doses may be needed in some patients to achieve these levels. Once taken,
antidepressants, as a class of drugs, tend to remain longer in the body of
older people than younger adults, thereby prolonging the time for possible
side effects.

2) History. of prior response

Although there are no controlled research observations regarding
response to a previously effective antidepressant, it is a frequent clinical
observation that patients often respond a second time to a drug that has
been previously effective.

3) Physical Health

Since the side effect profiles of cyclic antidepressants differ, some
drugs may be especially toxic in patients with certain physical diseases.
This is particularly true for older patients with cardiac conduction
disorders. Although these drugs tend to reduce cardiac arrhythmias at
therapeutic plasma levels, at higher levels, they prolong electrical
conduction through the Purkinje fibers resulting in a widening of the QRS
complex on the electrocardiogram. At toxic levels, the QRS may be longer
than 100 msec and heart block, ventricular arrhythmias and death may result.
Since it is likely that all antidepressants ultimately share cardiac
toxicity given sufficient plasma drug level, it is important to ensure that
levels do not enter the range of potential cardiac toxicity. Studies of the
relationship between the electrocardiogram and antidepressants have
demonstrated that the QRS complex begins to widen as the cardiotoxic drug
level is approached. Thus, monitoring antidepressant treatment with
pretreatment; and serial EKG's; may be especially useful in the older
patient, particularly when cardiac conduction disease exists (Salzman,
1985c¢).

Older patients with narrow angle glaucoma or bowel disease, or men with
prostatic hypertrophy may all react to the anticholinergic properties of
antidepressants with an aggravation of symptomatology. All older patients
are especially susceptible to the central effects of cholinergic blockade by
antidepressants; the toxic manifestations including agitation, disorien-
tation, decreased recent memory, and in more severe cases delirium and
hallucinations. These symptoms may be misdiagnosed as evidence of rapidly
progressing dementia, metastatic carcinoma, or "senility” (Salzman, 1985b).
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Differential Side Effect Profile

There are no convincing data to suggest that any one antidepressant is
therapeutically superior to any other. There are differences, however,
among individual antidepressants as well as between groups of
phamacologically similar antidepressants in the frequency and intensity of
side effects that are produced. Tertiary amines, as a group, produce more
frequent and more severe side effects. Among the secondary amines
(antidepressants that have already been demethylated), desipramine and
nortriptyline are usually recommended for the older patient because they
produce somewhat less frequent and less severe (but not absent!) side
effects (Salzman, 1985a; 1985b; Salzman and van der Kolk, 1984). The newest
antidepressant, fluoxetine, has been reported in one study of elderly
patients, to be as effective as doxepin; its side effect profile suggests
that it is non-sedating and has no anticholinergic effects (Feighner, 1985).
Additional studies in elderly patients are needed, however, before the role
of fluoxetine as an antidepressant for older patients becomes clear.

Although the prescribing generalizations just outlined are generally
true, they may not apply to any individual patient, and they may be ignored
when careful dose and plasma level monitoring are possible. For example,
studies have shown that amitriptyline, generally considered the most toxic
antidepressant for older patients, may be prescribed with safety as well as
efficacy when blood levels are carefully monitored (Robinson, 1981; Ahles et
al., 1984; Preskorn and Mac, 1985).

Side effects can be minimized in some elderly patients by careful
dosing. As already noted, older patients are more likely to develop
elevated plasma drug levels per given dose because of pharmacokinetic
alterations due to aging.

Monoamine Oxidase Inhibitors

MAO inhibitors have been used with increasing frequency for the non-
delusional elderly depressed patient who has not responded to cyclic
antidepressants (Ashford and Ford, 1976). MAO inhibitors, like stimulants,
may also be useful for the elderly patient who is not severely depressed,
whose depression is not characterized by severe vegetative signs, or whose
affective state is characterized by apathy, anergia and anhedonia. Brain
levels of MAO are increased with age suggesting a special usefulness for
these drugs in the elderly (Salzman, 1984a). However, there are no data to
implicate increased MAO as a cause of depression in the elderly.

Response to MAO inhibitors in the elderly, as in younger adult
patients, is correlated with degree of enzyme inhibition. Georgctas et al.,
(1983) found that monoamine oxidase inhibitors were very therapeutic when
MAO inhibition was greater than 80%. Inhibition of platelet MAO activity
may also be correlated with plasma levels of some MAO inhibitors. For
example, studies of the pharmacology of phenelzine, showed that older
patients tended to have higher plasma drug levels than younger patients,
particularly during the first two weeks of treatment. The higher plasma
level may result from an age-related decrease in the apparent volume of
distribution of phenelzine in the elderly as well as a slower rate of
phenelzine metabolism and clearance (Robinson, 1981).

The side effects of MAO inhibitors that may be especially troublesome
for the older patient are orthostatic hypotension, sedation and aggravation
of dementia. The latter effect may not occur in mildly demented patients
(Jenike, 1986), but is frequently encountered in the moderately or severely
demented older patient (Salzman, 1986). MAO inhibitors often also stimulate
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the older patient. In addition to aggravating the cognitive impairment of
dementia, they can produce restlessness, agitation, paranoia, and insomnia.
MAO inhibitors may also be difficult to prescribe to some older outpatients
because of their questionable ability to adhere to the tyramine restricted
diet. Since older patients are likely to be taking several drugs
simultaneously (Salzman, 1984), the risk of serious drug interactions with
MAO inhibitors and drugs containing stimulants may increase the risk of
stroke or myocardial infarction in this population.

There is no evidence for therapeutic superiority of any one MAO
inhibitor over another in elderly patients. Phenelzine, the most commonly
prescribed MAO inhibitor, is associated with sedation and orthostatic
hypotension in contrast to tranylcypromine, which is known for its stimulant
properties. Like the cyclic antidepressants, starting doses of these drugs
should be low (half of the dose given younger adults), and doseage
increments should be small, and guided by clinical response, toxicity and
the degree of platelet MAO inhibition.

Electroconvulsive Therapy

Electroconvulsive therapy is a safe and clinically effective treatment
for the elderly depressed patient who has a sever depressive disorder, and
is an appropriate choice for the older patient who either bhas not responded
to antidepressants or has developed sever side effects from them. ECT can
be life-saving for the frail, malnourished, depressed, suicidal elderly
patient. Although controlled research studies in the elderly are lacking,
clinical experience has strongly suggested that ECT is particularly helpful
for the elderly depressed patient who is severely agitated or withdrawn, and
who may be delusional (Salzman, 1982; Weiner, 1982; Salzman and van der
Kolk, 1984). Symptoms of severe guilt, loss of interest, early morning
insomnia, and anorexia predict good response to ECT.

The primary side effect of ECT in patients of all ages is impairment of
recent memory. This is particularly undesirable in elderly patients who may
be more susceptible to this side effect, especially if they already have
memory impairment. Pettinati and Bonner (1984) have shown that older
patients develop more cognitive dysfunction following ECT as measured by the
Trail making test. There are no research reports that discuss the clinical
or toxic effect of ECT in patients with dementia who are also depressed. In
mild cases of dementia, however, clinical experience suggests that
successful antidepressant response to ECT improves the older patient's
subjective sense of memory function, and has been associated with small
increases in Wechsler memory scores (Salzman, 1970, unpublished data).

Older patients who have not received ECT often respond to fewer
treatments than do younger patients. However, those elderly patients who
have had several prior courses of electroconvulsive therapy sometimes appear
to be resistant to the usual course of ECT, and may require more treatments
than the average younger patient (i.e., > 12). The mechanism for this
apparent tolerance is not understood.

Unilateral nondominant electrode placement in the elderly produce less
post-ictal confusion and a shorter awakening time than bilateral electrode
placement (Fraser and Glass, 1978). Electroconvulsive therapy is
contraindicated in patients of all ages who have increased intracranial
pressure (Salzman, et al., 1975) but has been successfully administered to
depressed elderly patients who have suffered a stroke with residual
neurologic deficits (Karliner, 1978). ECT has also been successfully
administered to elderly patients with aortic aneurysms, to those who have
had myocardial infarctions (Karliner, 1978) and to those who have implanted
pacemakers (Abiuso et al., 1975; Jauher et al., 1979).
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Administration of electroconvulsive therapy to the elderly depressed
patient should routinely include a thorough pretreatment physical
examination with particular emphasis on cardiovascular, neurologic and
mental status functioning. Adequate pretreatment oxygenation and
administration of oxygen during and after the treatment, as well as thorough
muscle relaxation are also necessary. Cardiac monitoring is advised during
the first one or two treatments for the very old, or very frail elderly
patients with normal cardiac functioning; elderly patients with
cardiovascular disease should be monitored during all treatments.

Treatment Resistant Depressions

In most clinical circumstances when an older depressed patient fails to
respond to an adequate trial of a cyclic antidepressant, treatment
strategies shift to the use of a monoamine oxidase inhibitor, or
electroconvulsive therapy. Recent data in younger patients have suggested
that the use of adjuvant T3 or lithium carbonate may be added to enhance
therapeutic efficacy (Salzman and van der Kolk, 1984; Jenike, 1985; Borson
and Raskind, 1986; Goff and Jenike, 1986). However, there have been no
antidepressants and adjuvant therapy for treatment resistant patients. The
arrhythmias (Salzman and van der Kolk, 1984), and the use of lithium may
exacerbate cognitive dysfunction in the older depressed patient as well as
lead to cardiovascular and renal toxicity (Liptzin, 1984). 1In the absence
of controlled studies, therefore, adjuvant therapy should be employed with
caution in the elderly.

Patients with Cardiovascular Disease

Treatment of the depressed elderly patient who also has hypertension is
a delicate and difficult task. Antihypertensives may cause depression or
aggravate a preexisting depression. They may also interact with
antidepressants in three ways potentially harmful to the older patient.
First, volume-depleting diuretics may exacerbate orthostatic hypotension
caused by antidepressants and necessitate a reduction in the diuretic dosage
(Kanter and Glassman, 1980). Second, the uptake of guanethidine,
bethanidine, and debrisoquin into presynaptic adrenergic synapses is
inhibited by most cyclic antidepressants, thus interfering with the action
of these drugs (Salzman and van der Kolk, 1984). The antihypertensive
effect of clonidine is also blocked, and clonidine given in combination with
imipramine has produced a hypertensive crisis in an elderly patient (Hui,
1983). Third, because all antidepressants, especially tertiary amines,
produce orthostatic hypotension, blood pressure may be rapidly reduced to
dangerous levels when the older patient who is receiving both anti-
depressants and antihypertensives stands up quickly (Germer, 1984; Salzman,
1985a, 1985b). If antidepressant drugs cannot be given because of these
effects, then the older depressed patient should be treated with ECT.

Patients with Cerebrovascular Disease

Antidepressant drugs, in carefully selected patients may also be a safe
and effective treatment for the poststroke patient. Although specific
studies of depressed poststroke patients who are elderly have not been
conducted, Lipsey et al., (1984) and Robinson, et al., (1983) have
demonstrated the effectiveness of these drugs in the treatment of
depression. As noted, ECT is also safe and effective, and may be used when
antidepressant drugs are contraindicated.

Depression and Cognitive Disorder

Memory, concentration, and other cognitive functions are dependent, to
some degree, on adequate CNS acetylcholine functioning. In older patients,
acetylcholine neurotransmission is reduced, and in patients with senile
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dementia of the Alzheimer's type, it is virtually absent (Salzman, 1984a).
For these reasons, older patients are more susceptible to the antichol-
inergic effects of antidepressants, especially the tertiary amine cyclic
antidepressants (Salzman and van der Kolk, 1984). Cole et al., (1983),
reviewing the literature concluded that these drugs can cause both
confusional states, as well as speech and memory problems and measurable
deficits in recall of learned information. Branconnier and Cole (1981),
comparing amitriptyline, a strongly anticholinergic cyclic antidepressant
with trazodone, a drug with no anticholinergic properties, demonstrated that
recall of recently acquired information was superior with the non—antichol-
inergic drug.

These data suggest that antidepressants with anticholinergic properties
may be especially toxic to older people, especially if they already have
memory impairment. With the exception of trazodone and fluoxetine, all
antidepressants, including the monoamine oxidase inhibitors, are
anticholinergic and thus may be used cautiously in depressed elderly
patients who may also have observable signs of dementia. ECT should be
employed in cases of severe depression when antidepressant drugs cannot be
used .

Conclusion

Depression in the elderly is a frequent, crippling and sometimes life
threatening illness. In milder forms, treatment may be limited to
supportive measures, psychotberapy or brief use of psychostimulant drugs.
For more severe depressions, cyclic antidepressants, and to a lesser extent,
monoamine oxidase inhibitors are usually employed, and for the most severe
depression, electroconvulsive therapy is usually indicated. In order to
minimize potential drug toxicity, all elderly patients should have a careful
pretreatment physical examination including an ECG. The older patient is
more susceptible to antidepressant side effects because of age-related
phammacokinetic alterations as well as increased CNS drug sensitivity. For
most (but not all) older patients, doses may need to be lower than those
used for the average younger adult patient, but must be sufficient to
produce adequate blood levels for therapeutic effect. Serious medical
illness, including cardiovascular or cerebrovascular disease are not
contraindications to treatment with antidepressant drugs or ECT. The
treatment 6f the cognitively impaired, depressed elderly patient is
difficult because drug and ECT toxicity may further compromise memory,
concentration, and other cognitive functions. However, when antidepressants
are cautiously administered, the therapeutic antidepressant effect may
outweigh anticholinergic toxicity, especially in the mild or moderately
demented depressed patient.

It should be remembered that in most cases, depression in the elderly
is a treatable illness; the hopelessness of the older depressed patient
should not be allowed to influence the pbysician's decision to treat or not
to treat.
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STATUS OF ALZHEIMER DISEASE RESEARCH

Zaven S. Khachaturian

National Institute on Aging
Physiology of Aging Branch

Since its inception in 1974, the National Institute on Aging (NIA), the
Federal agency with the prime responsibility for conducting and supporting
research on the biomedical and behavioral processes of aging and the
diseases of aging, has targeted Alzheimer’s disease (AD) as one of the most
important research priorities and challenges. Within the Public Health
Service (PHS) of the Department of Health and Human Services (HHS), the NIA
shares an interest and responsibility for this research with its sister
institutes, the National Institute of Allergy and Infectious Diseases; and
the National Institute of Mental Health, ADAMHA.

Among the many debilitating disorders of old age, the most frustrating
include those that lead to a partial or complete loss in cognitive
functioning. Alzheimer’s disease is one of the most persistent and
devastating dementing disorders of old age, eventually leading to a complete
loss of memory and ability to learn. Alzheimer’s disease presents enormous
problems to the families of victims and raises complex social and economic
issues for the public. At the same time, the disease offers unusual
scientific challenges.

Alzheimer’s disease is no longer regarded as a natural consequence of
aging, as it was only a few years ago. It affects a substantial proportion
of the aged. Although the exact number of people affected is not known
because, of the difficulties involved in accurate diagnosis it is estimated
that between 2.5 and 3.0 million people have this disease in its various
stages. Many of the families of AD patients are now well organized to
provide support and share information through such organizations as
Alzheimer’s Disease and Related Disorders Association, Inc. (ADRDA).

The general public is better informed about the disease through the
efforts of the NIA Public Information Office and the media. Congress and
the Federal Government have begun to formulate public policy concerning
services and research, and several agencies within the PHS have designated
AD as a high-priority public health issue. A growing number of scientists
have begun to study a broad spectrum of problems associated with the
disease. In a relatively short period we have learned a considerable
amount, but AD today still presents some challenging scientific
opportunities for neuroscience. In the following account, I will attempt to
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provide an overview of the magnitude of the problem presented by AD and the
remarkable scientific achievements that have already been made.

The number and proportion of elderly in the United States are rapidly
increasing and are already having profound influences on American economic,
social, and political thinking and behavior. Biomedical research and its
applied technologies have made it possible for an increasing number of
people to survive until their 70s or 80s. Perhaps the most significant
impact will prove to be economic: the costs of needed health care, clinical
medicine, and biomedical research. Persons aged 65 years and older are at
greatest risk for disease and, consequently, have the greatest need for
medical services. Many age-related disabilities tend to be chronic, rather
than acute, requiring long-term care. Such care is expensive, and the costs
are expected to rise rapidly due to increased numbers of elderly and the
growing cost health care. Long-term care costs of AD patients and other
aged persons will be considered in the Department’s ongoing study of
catastrophic illness due to the President by the end of the year.

The following are some of the most dramatic demographic changes of this
century: 1) the number of people over 65 years has risen from 3 million in
1900 to 27 million today and is projected to reach 43 million by 2020. At
the same time, the proportion of those over 65 has risen tfrom 4.1 percent in
1900 to 11 percent in 1980; 2) the greatest increases are among those over
age B85 years who are likely to require special care. This segment of the
population is expected to grow rapidly over the next 15 years and to reach
over 5 million by 2000; 3) although nearly 68 percent of older people
consider themselves healthy and 90 percent live independently, nearly 86
percent have one or more chronic health conditions or disabilities; and 4)
the elderly account for 15 percent of all visits to physicians, 34 percent
of all days spent in short-stay hospitals, 89 percent of all nursing home
occupancy, and 29 percent of all money spent on personal health care. In
1988, the total cost of health care services to the elderly will reach
nearly 200 billion dollars.

Among the many age-related disabilities, those related to changes in
the central nervous system or brain functioning have important implications
for both public policy relating to health care services and national
priorities for biomedical research. Failure in cognitive functioning is one
of the principal indicators for institutionalization of the elderly on long-
term care facilities. Long-term custodial care in an institutional setting
is extremely expensive, often impersonal, and can contribute to further
deterioration of health.

Approximately 10 percent of the elderly population show clinically
significant cognitive deficits. The frequency of intellectual impairment is
considerably higher among those living in nursing homes, where an estimated
50 percent or more have some form of mental impairment. A significant
number of these are now recognized to have AD. 1In 1986, the annual national
expenditure for nursing home care is projected to be approximately $40
billion. It is estimated that during the next few years this expenditure
will become a staggering $80 billion in constant dollars. The current
estimated all direct and indirect costs for AD alone, including nursing home
care, is $38 billion per year. This, also, will grow over the next 10
years.

An important issue associated with AD is that of accurate diagnosis.
There are as yet no specific studies identifying the frequency and cause of
reversible cognitive impairments in the elderly, but it is estimated that up
to 20 percent of persons aged 65 and over who have been labeled "demented"
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have reversible brain disorders that require evaluation and treatment.
Misdiagnosis is extremely costly and a tragic waste when it leads to long-
term institutionalization. There is clearly an urgent need to continue the
quest for scientific knowledge concerning diagnosis and treatment
possibilities for dementia and the biological mechanisms of aging and of
such dementing disorder as AD. In 1983, the NIA, in collaboration with the
American Association of Retired Persons (AARP), sponsored a research
planning workshop on the Diagnosis of Alzheimer’s Disease. This workshop
identified some crucial scientific opportunities for further research on
diagnosis. Now, in 1986, this meeting has begun to bear fruit.

The first finding concerns a protein present in nerve cells involved in
the formation of the two types of brain lesions (neuritic plagues and
neurofibrillary tangles) that are hallmark of AD. The significance of this
finding is that this abnormal protein is unique to the brains of AD
patients, it is not found in normal brain, also it is found only in very
specific regions of the AD brain that have significant cell loss. This is a
crucial finding because it provides the medical scientist a potential tool
of clear cut diagnosis of this disease; and also it opens the door for
finding out the mechanism by which the abnormal lesions develop in the brain
of AD patients.

The second important discovery concerns another protein called "tau", a
protein in the normal nerve cell, but shown to be the major component of
paired helical filaments (the neurofibrillary tangles). the abnormal protein
associated with AD. Tau is known to promote the assembly of microtubules
(ingredient parts inside of a nerve cell) which are involved in the
transport of biological molecules between the nerve body and its terminals.
The significance of finding that a normal protein, such as tau, is
associated with a major lesion in AD raises the possibility that, in
selected nerve cells in this disease, certain chemical modifications of tau
might occur which will allow the nerve cell to form tangles. This finding
now will allow scientists another avenue to explore the exact mechanism by
which this lesion in AD is caused.

The dimensions of the health problems posed by age-related changes in
the central nervous system are vast. Basic research into the neurobiology
of aging as the route to resolving these problems has been demonstrably
successful in advancing knowledge of the human brain and providing the first
real insights into some of the more baffling neurological disorders. The
treatment of Parkinson’s disease patients with L-dopa to replace the loss of
a vital brain chemical, dopamine, and the discovery of the enkephalins and
endorpohins-the brain’s own "opiate" drugs--are important examples.

These advances have come about because of a critical combination of
talent and technology in neuroscience. It is now possible to obtain a
detailed picture of what happens at the molecular level of a nerve cell as
well as a clearer idea of how large clusters of nerve cells and systems
operate in elaborating complex human behaviors. Enthusiasm in the field of
neuroscience is running high, and areas of investigation, convergent
approaches are focusing on key issues of neurobiology. In order to move
toward the fundamental goal of prevention of nervous system disorders,
develop effective treatments for those presently afflicted, and ensure the
rapid transfer of research advances to clinical applications, it is
essential to capitalize on this new momentum in biological models, and the
necessary technology--the methods and tools to make the observations
fruitful. The neurosciences can now command all three of these elements.
There has never been a lack of good ideas or experimental models, but only
in the past 20 or 30 years have there been significant gains in
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technological progress. These achievements in technology are expected to
continue making a substantial difference in the rate of advancement of
knowledge in neuroscience.

Although systematic studies of age-related changes in the human brain
have a 100-year history, strong interest in this subject is recent. During
the last decade a growing community of neuroscientists, spurred partly by
the availability of Federal funds for research, has begun to study a broad
range of topics in the neurobiology of aging. These range from basic
molecular to clinical issues, and from the physical chemistry of membrane
transport mechanisms to the neuropsychiatric assessment of the aging brain.
Not long ago, little was known about "senility," and AD was considered a
hopeless affliction of the aged. Now we know that chemical and physical
changes in the brain can account for some of the memory deficits in AD and
the benign forgetfulness of the aged. The remarkable pace of scientific
progress in this area of research increases the likelihood that some forms
of dementia will be treatable by pharmacological agents.

Research supported by the PHS has also made it possible to start
formulating a coherent scientific story on the pathogenesis of AD and to
identify a number of exciting scientific opportunities that are ready to be
exploited. Of even greater importance is that it is now possible to propose
testable hypotheses that can provide a framework for interrelating some of
the observations reported by scientists working in this area of research.

During the past few years, it has been clearly established that the
hallmark of AD is a serious defect in the cholinergic system (one of the
many chemicals used by nerve cells for cell to cell communication). This
finding has stimulated considerable scientific activity aimed at identifying
the exact nature of this neurochemical defect and finding a pharmacological
means of ameliorating the disease. This type of research has been driven by
the assumption that the neurochemical deficits in AD result primarily from
biochemical abnormalities in the synthesis or release of the
neurotransmitter acetylcholine; it is assumed that the affected brain cells
would function normally if these biochemical abnormalities could be
corrected. Thus, the search for treatment has focused on pharmacological
manipulations aimed at 1) increasing the supply of the substrate necessary
for the synthesis of the neurotransmitter such as use of choline or
lecithin, 2) increasing the amount of the neurotransmitter released, 3)
prolonging the availability of the neurotransmitter at the synaptic junction
by blocking its breakdown, and 4) manipulating the sensitivity of receptors
at the postsynaptic membrane.

Despite some promising initial results in treatment of AD with agents
such as choline, lecithin, and physostigmine, this effort in cholinergic
pharmacology has not produced any consistent or long-lasting treatment for
AD. Several theories attempt to explain this lack of success. First, it is
unlikely that AD results from a deficit in a single neurotransmitter system.
There is mounting evidence that multiple neurotransmitter systems and
neuropeptides are involved. Second, the observed neurochemical changes in
AD might be epiphenomena associated with or a consequence of cell death. In
AD cell death occurs in specific regions of the brain, particularly in areas
richly innervated with cholinergic cells. Third, the neurochemical deficits
might be a consequence of other changes within the cell, such as abnormal
oxidative or glucose metabolism.

Investigators have yet to determine why brain cells die in AD and

whether or not such cell death can be averted by pharmacological means.
There are several working hypotheses concerning the possible mechanisms of
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cell death. One of the most active areas of study focuses on the chemistry
of neurofibrillary tangles within nerve cells that are the classic
pathological markers of AD. It is now known that these filaments are
composed of highly insoluble protein formed by unknown chemical reaction.
These insoluble protein masses might form a physical blockage that
interferes with axoplasmic transport mechanisms, thus leading to cell death.
It is essential that future research focus on the biochemistry of beta-
pleated proteins, cross-linking reactions and the enzymology of such
reactions.

Another important area of study concerns the role of modulators
(chemicals that modify the effects of a neurotransmitter) and neurotrophic
factors affecting the functioning and viability of cells. There is some
evidence that the function and viability of the nerve cell is compromised
when there is no chemical feedback or neurotrophic factor from a target
cell. The role of neuropeptides such as somatostatin and the mechanisms by
which they modulate neuronal activity are not well understood. Whether or
not such neuromodulators also serve as trophic factors is not known. The
chemistry of neuromodulators and the neurotrophic factors is an area that
needs greater emphasis.

A third area of needed study concerns the biochemistry of metabolism
within the cytosol (inside the nerve cell), especially oxidative metabolism
and glucose utilization. It is important to have a better understanding of
changes in such metabolic pathways associated with aging and disease states.

A fourth cluster of essential studies looks at membrane biophysics and
how membrane changes influence transport and homeostasis of essential ions
such as calcium. There is some evidence that aging, as well as certain
diseases, causes changes in the transport mechanisms that regulate cytosol-
free calcium concentration. We need to learn more about the biophysics of
ion channels, pumps, and transport systems associated with cell and
organelle membranes.

Finally, we need to know more about such environmental toxins as
aluminum and infectious agents such as the slow-acting viruses or virus-like
particles that have been associated with cell death in AD. The chemistry of
how such agents interfere with cell functioning is still not well
understood. Also, we do not know why there appears to be selective
vulnerability; the role of genetic factors in such selectivity is an area
needing greater study.

All of these results are extremely important, because they provide a
crucial beginning for piecing together the AD puzzle. It is now possible to
formulate testable hypotheses that can provide a common framework for
interrelating a number of the discrete findings discussed here. For
example, in study after study we are seeing the importance of calcium levels
within the cell in terms of cell-to-cell communication and even the
viability of the cell itself. Time after time, findings in AD brains point
to a disruption in the delicately balanced homeostatic system of
transporting calcium across the cell membrane. Such a disruption of the
system could be a consequence of exposure to a neurotoxin, such as aluminum,
pathogenic agents involving either genes or infectious agents, other
insults, or even aging. Further study should allow us to develop integrated
theories of aging and better understand the biological mechanism of diseases
such as AD.

The NIA is concerned with furthering knowledge on multiple aspects of
AD. Efforts in this area include studies of family stress problems relating
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to the care of AD victims and the development of family care and service
delivery models.

Dr. Marcia Ory, of the NIA Behavioral and Social Research Program,
recently has reported that research is just beginning to focus
systematically on how families and other social supports affect and are
affected by AD and related disorders. Additional studies are needed on the
social and psychological aspects of AD to help advise family members and
professionals who are currently caring for older persons with AD.
Identification of the range of informal and formal services is especially
important for understanding how to balance familial and professional support
in a cost-effective and humane way.

The majority of persons with AD live at home and receive care from a
relative or friend. Family members are shown in study after study to be the
primary caregivers of the elderly patients. However, few studies have
systematically documented actual caregiving behaviors, with large numbers of
AD patients, with varying levels of impairment representing the full
spectrum of the disease. We need to know who is giving what kind of care to
what types of patients with what results. We also need to know how changing
social and demographic trends (such as the increasing participation of women
in the paid work force) will affect informal caregivers’ availability and
willingness to care for AD patients in the future.

The role of families and informal caregivers in the perception of and
response to AD symptoms is another area that merits investigation in greater
detail. Beliefs about the causes and treatments of a particular illness
have been shown to affect whether - and in what ways - the family responds
to illness symptoms. Little is known about how families and other informal
caregivers seek professional advice and treatment. Such research should
include studies of familial, psychosocial, or environmental factors that are
associated with the early recognition of AD symptoms, with denial of serious
symptoms, with the decision to seek professional advice and treatment, and
the different approaches to management at home.

Relevant to AD, substantial literature is being accumulated on the role
that the family and other informal supports play in the onset, course, and
outcome of a variety of chronic diseases and disabilities. There is some
evidence that familial attitudes, behaviors and interactions can either
aggravate or lessen the occurrence of the cognitive and behavioral deficits
associated with AD. Research is needed to explore how social and behavioral
factors, interacting with biological processes, affect the onset and/or
exacerbation of symptoms associated with AD.

Families and informal caregivers of persons with dementing disorders
experience a variety of physical, psychological, social and financial
difficulties. More research is needed on the antecedents and consequences
of these different types of burdens. Characteristics of both the caregiver
and the patient, as well as the caregiver context need to be further
delineated. We need to know, for example, how family members of different
ages, sexes, socioeconomic and cultural backgrounds, or levels of
responsibility are affected by having a relative with AD. We also need to
know what factors contribute to stress and why families reach a breaking
point.

There are several key family resources for helping AD patients remain
at home, including: 1) competent health care; 2) Alzheimer support groups;
and, 3) respite care. Additional research may find ways to help informal
caregivers understand and cope with the symptoms of AD and the burdens of
caregiving. Little attention has been given to the ways in which families
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use - or fail to use - both informal and formal support services to care for
AD patients. Further research is needed on ways to assist those who are
trying to care for AD patients at home.

The use of formal supports does not consistently reduce the burdens on
caregivers. Carefully planned clinical trials are needed to evaluate the
effectiveness of different types of health and social services. Additional
research is also needed on how families, health professionals, and AD
patients relate to each other, particularly in institutional settings.
Contrary to popular stereotypes, families do not typically abandon older
relatives who have been institutionalized but continue to be involved.

In her report Dr. Ory concludes that the burden of AD on patients,
informal cargivers and the health care system is enormous. Identification
of the range of informal and formal services is especially important for
understanding how to balance familial and professional support in a cost-
effective and human way.

In summary, the systematic study of AD was begun only within the last
decade, despite the fact that the disease was first described nearly three-
quarters of a century ago. In this brief period, our knowledge of this
disease has advanced from nearly total ignorance to a level at which it is
possible to begin testing potential treatments and to formulate viable
hypotheses to explain its causes.

The scientific community now has the tools, the knowledge base, and the
means to solve the problem of AD within the next decade. This remarkable
progress in dementia research has been made because the availability of
scientific knowledge, technology, and methods--the bricks and mortar to
start building a structure--has been more than equalled by increased
interest and enthusiasm in the medical community and among the general
public.

The PHS, of which the National Institute of Aging is a part, has
supported a significant portion of basic biomedical research in this country
during the last 30 years. A tremendous amount of this work has had direct
and indirect bearing on our understanding of the basic mechanism of cell
function, including that of neurons. Using knowledge gained from such areas
of science as biochemistry, cellular and molecular biology, bioengineering,
physics, genetics, recombinant DNA, and cloning technology, it is now
feasible to make rapid progress in understanding the cause or causes of AD
as well as other disabling disorders of the aged.

There is no reason to doubt that progress and scientific achievements
will be any less spectacular during the next few years as they have been
recently, provided that we are able and willing to maintain the enthusiasm
of the scientific community and provide the necessary resources. The
challenges of understanding AD and finding a cure will require national
resolve to maintain the momentum we have begun.
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GATEKEEPERS: CHANGING ROLES AND RESPONSIBILITIES FOR PRIMARY CARE

PHYSICIANS WITH AGING FAMILY SYSTEMS

Richard L. Douglass

Departments of Family Medicine and Community Medicine
School of Medicine, Wayne State University
Detroit, MI 48201

INTRODUCTION

For primary care physicians to adjust to the dramatic challenges
brought about by an aging society, it is first necessary for them to
recognize that many traditional aspects of "front line" medical practice
are in a state of virtual revolution. Although modern medical history
has been frequently changed due to technical or scientific progress, the
demographic consequences of such incremental events are now confronting
us with the most fundamental changes since the advent of antibiotics.
This demographic imperative, as stated by Califano in 1978, has sweeping
implications for primary care medical practice in terms of which patients
are to be served, which disease processes will dominate our attention,
and even what attitudes we bring to our work regarding the ultimate ob-
jectives of medical practice. Such professional objectives as preven-
tion of death and extension of life are in conflict with more appropriate
geriatric objectives of quality of life and quality of terminal care. As
the practice of primary care medicine becomes increasingly geriatric,
the inevitability of death will become a more constant theme in all
aspects of daily practice.

Most of us are acutely aware that by the year 2020 almost 207 of the
total U.S. population will be over age 60 (Califano, 1978). This popula-
tion explosion in the last quarter of the lifespan is altering all
aspects of society, and particularly medical practice and medical care
organization. An estimated 2.5 to 3 million victims of Alzheimer's
Disease in the country in 1984 will expand to an estimated prevalence of
over 4 million by the turn of the century (Secretary's Task Force on
Alzheimer's Disease, 1984); this is an increase of at least one million
new cases within the next fourteen years. Needless to say this should
be a sobering realization when this rapid increase in morbidity is of a
disease for which there are poor diagnostic and proven treatment methods,
and an unknown etiology.

The following discussion will examine the gatekeeping role of pri-
mary care medicine as a traditionally sound and currently appropriate
response to the medical fallout of increased longevity and the growing
geriatric emphasis in primary care (Kane and Kane, 1980; Vorhees, 1983;
Catlin, Bradbury and Catlin, 1983). Specific reference will be given
to Alzheimer's Disease at the individual and family levels and the
response alternatives for family practice.

191



THE PRACTICE ENVIRONMENT

Since the creation of Medicare, health care costs, largely hospital
costs, have risen constantly (Special Committee on Aging, 1985). The
economic aspects of medical care have become dominant forces in the
practice environment. Although a gatekeeper role has always been a
distinguishing feature of primary care medicine, the economic environment
has drawn new attention to this role due to new organizational forms of
medical care delivery. Prepaid health care in all of its mutations and
experimental combinations is rapidly replacing traditional fee for serv-
ice practice. As a result the "intake-disposition-referral" elements of
primary care medicine, as implied by the term "gatekeeper,' have become
of central importance to all of the more specialized components of prac-
tice systems of ambulatory care (Gillette, 1984).

The cost-effectiveness of primary care physicians as gatekeepers in
prepaid health care plans is still uncertain. To an extent such an
assessment will be confounded by the changing demographic profile of all
patient populations where at least half of all primary care patients in
all settings will be over age 60 by the year 2000. Costs associated with
care are known to be directly related to the age composition of the
patient population, a fact that will influence the cost-basis outcome of
any attempt to determine if gatekeepers in prepaid practices actually
reduce the total cost of service delivery (Cohen, 1977).

Another element of the practice environment is the important role of
the family of geriatric patients. The majority of all personal health
care for frail elderly patients is not provided by physicians, nurses, or
trained health care providers; over two-thirds is provided by adult
family members. All outcomes of clinical medicine for the frail elderly
are influenced by the knowledge, skills, physical ability and motivation
of family caregivers. This is especially true when the index patient is
afflicted with Alzheimer's Disease. In such situations the index
patients' care brings with it primary care concern for adult, frequently
mature, family caregivers whose emotions and physical health can be sig-
nificantly affected by the weighty burden of home care for a demented
adult (Hedley, Ebrahim and Sheldon, 1986).

Of the frail elderly, at least 207 can be expected to have
Alzheimer's Disease after the age of 70. Two-thirds of these patients
are in the care of family members whose first course of medical care is
with a primary care physician. The remaining third of the frail elderly,
as defined by Medicare, are currently residents of long-term care facil-
ities and over 707 of this group were admitted under the orders of a
primary care physician. Thus the central role of primary care medicine
in geriatrics is apparent. Not apparent, however, is the degree to which
geriatric medicine, gerontology, and other aspects of the new demographic
profiles of the patient population are taught and appropriately imple-
mented in the field.

THE PRACTICE SETTING

Just as the environment for medical care is changing in economic and
demographic leaps, so also is the setting of primary care itself.
Instead of a largely self-contained practice, primary care providers are
finding themselves as team members, with a host of specialists for
referral. The gatekeeper role, while traditional, is now more clearly
essential to both primary care and specialty practices. The advanced
ability in physical diagnosis and patient interviewing which should
distinguish primary care physicians is now the pivotal process from
which several other physicians and other professionals derive their
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patients and clients. As the patient population becomes largely geriat-
ric it is important for primary care physicians to be well versed in
community services for the elderly, in-home or institutional respite
care, self-help and advocacy groups, as well as neurologists and other
specialists for medical referral or diagnostic assistance. With the
Alzheimer's Disease patient, it should be assumed that a family is

"in treatment" rather than just a patient; this requires a large reper-
toire of referral services for the primary care physician.

THE CONTROVERSY

While primary care physicians are generally considered to be the
most appropriate professionals to serve as gatekeepers for large and
complex health care systems, this presumption is not without a degree of
controversy. Issues of cost, quality of care, appropriateness of train-
ing and accessability have been raised regarding the planned use of
physicians as system gatekeepers. Social "case managers,' health care
advocates and other conceptualized models have been suggested as alter-
natives to primary care physicians. Some of the central elements in the
debate are presented below.

Proponents of medical gatekeepers argue:

1. 1In all recent studies of preferences of the elderly, medical
sources are the first choice for health care services, advice
and management;

2. Primary care physicians have traditionally served as medical
gatekeepers and are appropriately trained for the role;

3. Medical gatekeepers are more credible and conversant with the
medical specialists;

4. Long-term, continuous physician-patient relationships are known
to be associated with the best medical care. High quality
physical diagnosis and interview skills, hallmarks of primary
care medicine in general, are essential elements in geriatric
medicine too.

Opponents of medical gatekeepers, however, might argue that:

1. Compared to non-physician gatekeepers, medical gatekeepers are
expensive and can afford less time for each patient or family
unit;

2. Medical training fails to network physicians with allied health,
social services, community services and income maintenance
programs that are key elements of successful geriatric services;

3. The current state of readiness, the level of training and rele-
vant experience of primary care physicians, in general, are poor
as a basis for largely geriatric gatekeeper roles. This gener-
alization is most acutely true when the presenting complaints
are Alzheimer's Disease or related disorders. A consequence of
the poor state of geriatric training is premature nursing home
placements, ill-advised guardianship decisions, and unnecessary
burdens to patients and their families.

RECOMMENDATIONS

On the basic assumption that both the proponents and opponents of
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primary care medical gatekeepers have valid points,

the following recommendations are proposed as a means of speeding
the development of more adequate and efficient services to the
elderly and, especially, the families who are afflicted by
Alzbeimer's disease.

1. Because it is unlikely that medical training (including
continuing medical education) will soon encompass non—
medical curricula, primary care gatekeepers should not
attempt to be general purpose referral sources for their
elderly patients. Instead, medical gatekeepers should
learn to utilize a broad network of other community
service by use of non-medical care managers who may
practice within the medical practice or in a local
service agency. Medical gatekeepers should actively
support the development of geriatric case management
system in places where none exist. 1In this way, both
medical and non-medical primary care and continuity of
are will be in the hands of experts. Routine
consultation and conferences between primary care
physicians and non-medical case managers are essential;

2. Geriatric and primary care career recruitment should commence
during the first and second years of medical training. Only in
this way will adequate numbers of new physicians be available
for geriatric medical services in the near future;

3. Specialized geriatric and geriatric neurological training
should be standard in all medical training and in all primary
care specialty resident training;

4. Gatekeeper systems should be evaluated on the basis of quality
of care outcomes and not as instruments of cost containment.

These recommendations, although limited, are consistent with the
medical care manpower needs of the near future. Better primary care of
the elderly should result in fewer hospitalizations, better home care,
delayed institutionalizations, and higher quality of care for patients and
families alike. These are lofty objectives yet they are ones that the
primary care specialties can hardly afford to ignore.
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ADRDA AND THE PHYSICIAN

Mary Martinen

Chairperson of the Advisory Board - Detroit Chapter

The diagnosis of Alzheimer's Disease or other irreversible memory
loss is as devastating as is a diagnosis of any terminal disease.
Concerns are raised about the future, what will happen next, what plans
must be made, what can be done to make the diagnosis easier to deal
with?

Unlike many other serious illnesses such as cancer, the natural
course of dementia is not well defined. Breast cancer patients with
positive lymph nodes can be given adjuvant therapy with a documented
improvement in survival. Patients with oat cell cancer can expect a four
to ten month increase in life expectancy if treated. Staging of the
illness can be performed as a guide to therapy and to provide prognostic
information. Tumor markers like CEA and acid phosphatase may be used to
monitor response to treatment. For pérsons not yet afflicted with the
illness, diagnostic screening to detect it in its early stage or
preventive measures may be offered. As death approaches in the terminal
stages, hospice care may help both patient and family through the
terminal stage.

Alzheimer's Disease however is a disease of unknown etiology with
no means of prevention. Treatment of the disease is in a very early
stage. The work of the research teams approaching the problem from
multiple directions offers hope of new approaches in the future, but
little can be done now to halt its progression or reverse the decline in
cognitive functioning. The complications of the illness can be treated
however. Persons with day/night sleep reversal can be given
tranquilizers at bedtime. Hallucination and paranoia can be helped
with major tranquilizers. Certainly a concurrent illness which can
precipitate a deterioration in function can also be treated.

At present one of the most effective treatments for the patient with
Alzheimer's Disease is helping the care giver cope more effectively
with their care. Learning to deal with a person whose illness is pro-
gressive is an important factor in relieving stress for the care giver
and helping the demented patient retain as much of a normal life as
possible.

The day to day care of a patient with memory loss presents unique

problems for those who care for them. Dementia does not immediately
deprive its victims of their physical vigor but of the rational and
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emotional processes that make him or her a unique personality. It is
as if the care giver is slowly losing a person who has meant a great
deal to them, and must adjust to new demands in the context of their
own grief. One daughter whose mother was gradually forgetting her
children was relying on brothers and sisters to relieve her of some
of the care. Realizing that this was causing a strain for all of
them, she stated "I hope I don't run out of brothers and sisters'.

I informed her that she was. Not because they were unwilling to aid
her in their mother's care but because her mother was forgetting them
so quickly it was as if her care was being assumed by strangers.

As the illness progresses, new roles are assumed and old ones are
lost. Spouses and children become wardens looking out for the safety
of someone who wanders or parents cleaning the body of someone
incontinent. The control of finances must be taken from the former
head of a household. Spouses lose their helpmate, consoler, lover,
confidant.

If the care giver is a child, earlier problems related to their
upbringing may surface. It is hard to be teacher to a previously
abusive parent. The children are also more quickly forgotten than the
spouse.

Unlike someone who is physically ill, the person with dementia
may become abusive, hostile, or withdrawn. They are unable to say
in return for their care "I appreciate all you are doing. I love you."

The gradually increasing demands build up until the care giver
burns out feeling guiltily inadequate. It is not uncommon for
care givers to be afflicted with pneumonia, heart attacks, ulcer
disease or depression as their energies become exhausted. It is the
guilt of burn out that adds to the difficulty of making a decision for
the demented person to be cared for in an alternate setting such as a
nursing home. It is a great support to families to understand what
is happening and what to expect next. The Alzheimer's Disease and
Related Disorders Association is an important resource to which both
physician and family can turn for help with the next steps.

RESOURCES FOR THE PHYSICIAN

Not all physicians are comfortable with the work-up and long term
follow-up of the patient with memory loss. The Alzheimer's
Association provides a list of physicians experienced in treating the
illness who may be available for consultation or continuing care.
A physician who is comfortable with demented patients may become part
of the referral network. Those who are not may learn of physician
colleagues in their area who may assist them. Many educational
programs are sponsored by ADRDA. Most are for families or other health
care workers, but some are targeted to physicians themselves.

Legitimate research is occurring throughout the country to
uncover new solutions for the problems of dementia. Juxtaposed is a
proliferation of articles on quack or semi-scientific treatments.
Families have read as much as they can about new or potential
breakthroughs in treatment and often bring articles to the physician's
office for advice and guidance. ADRDA on the national level and on
many local levels provide advisory boards to answer questions about
the validity of research, the proximity of a research project to
clinical application, or the lack of scientific value of a specific
entity.
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In a time of shrinking research dollars National ADRDA provides
funding for research projects. This allows physicians with
scientific expertise to obtain needed financial support or to
participate in the evaluation of applications from other researchers.

RESOURCES FOR PHYSICIAN AND FAMILY

No one person can provide care twenty-four hours per day without
relief. The Alzheimer's Disease and Related Disorders Association
provides the names of referral sources to physicians and families
that provide alternative care. Day care with structured activities
for impaired adults and respite care on a full time basis are
important adjuncts to care in the home. The Detroit Chapter is fortun-
ate to have received a grant through the Department of Mental Health
which provides funding for partial respite care in the person's home.
It is important for physicians to realize that there are alternatives
to nursing home placement since the latter is not a desirable option
for many families. Experience with alternatives that prove inadequate
for the care of a particular person can help families cope with some
of the guilt associated with nursing home placement if this is the
best option for them. Because of its organizational structure,

ADRDA is a channel for funding of multiple projects. Fund raisers
provide avenues by which families and concerned physicians can become
involved in providing support to others and for donating time and money
to conquer the disease.

RESOURCES FOR THE FAMILY

The diagnosis of Alzheimer's Disease or other irreversible dementia
produces a grieving process. Many families benefit from support
groups - voluntary meetings of families who meet to gain information
or to ventilate about specific concerns. Knowing that others are
dealing with similar problems helps families feel less alone and
gives helpful advice from someone who has shared the same experience.
The newsletter provides support in a written form for people unable to
attend a support group and provides information about new research
and the possibility of future treatments.

Legal and financial issues are a great concern. At this time
there is almost no public funding to provide for the financial burden
of a demented person's care. The loss of rational powers produces
other concerns. At what time should a relative assume power of
attorney or legal guardianship? What financial arrangements need to
be considered if long-term care must be provided in a nursing home?
What is the financial impact of a divorce? The Alzheimer's Disease
and Related Disorders Association provides important information and
directs families to knowledgable resources.

If emotional issues are a major concern, the help line is
available to provide advice and emotional support. The Detroit
Chapter also provides on-site counseling sessions. Using the
talents of qualified volunteers, family counseling for up to three
visits is provided free of charge and referrals made after this time
if so chosen.

ADRDA is an organization with which every physician providing
care to persons with memory loss should become familiar. It may be a
referral source for patients, an avenue by which knowledge is exchanged,
and a tremendous help to the families of the patients.
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HOME HEALTH CARE FOR VICTIMS OF ALZHEIMER'S DISEASE

Susan Hicks in consultation with Karen Linell
and Mary Jane Curle

Renaissance Health Care
20700 Greenfield, Suite 320
Detroit, Michigan 48237

INTRODUCTION

"As a home health care professional I was dedicated to care in the home
as an alternative to institutionalization. What has been called the “Best
kept secret in health care' was no secret to me. I had spent ten years as a
resource specialist at one of the best Home Health Agencies in the state of
Michigan. But when the time came to make arrangements for my own father,
newly diagnosed with Alzheimer's I knew he, like most Alzheimer's patients,
would not qualify for home health care under the Medicare program. Dad was
well in Stage II when his diagnosis was provisionally made. He was one of
those rare Alzheimer's patients who was very combative. I knew he would
have been ummanageable at home without a great deal of assistance. He also
had no other medical problems - leaving him ineligible for home health care.
The decision to institutionalize him came very hard for me as a home health
professional. But it was the only option available amid resources and
services that I knew were beyond his qualification, and unsuitable for his
condition.”

CERTIFIED HOME HEALTH CARE

Home health care is available for patients of all ages and in many
different forms, but each program carries its own qualifications,
limitations and payment mechanisms. Because Alzheimer's disease is
primarily a chronic, progressive disease, most people suffering from
Alzheimer's disease are not eligible for service under the Medicare program.
For those qualifying, care may be provided under the Medicare program and
other third party reimbursable insurances such as Medicaid, Blue Cross and
other private insurances. Care may also be provided in the home under
various aging programs or special volunteer or grant programs funded in
different locations. Home care may be delivered from a private duty nursing
agency for patients or their families with the ability to pay for service.
Familiarity with the resource network which changes frequently as programs
begin or dissolve and familiarity with the criteria for qualification for
each discrete program often requires assistance of a professional.

In most cases, hospital discharge planning departments have access to
information about the most common of these programs. Information may also
be obtained from senior citizen information and referral departments or from
the local Alzheimer's foundation.
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The decision to care for the Alzbeimer's patient at home requires more than
family commitment. It is most helpful for the family to have access to
someone with medical expertise, a realistic assessment of the care options
and the professional distance to make an unbiased recommendation. The
private physician may be looked to by the family in crisis when such a
decision must be made. Unfortunately, a lack of knowledge of available re-
sources often makes the physician's easiest recommendation that of a nursing
home .

In the introductory case mentioned above home, health care was
impossible. For others it is a far wiser solution, and with the appropriate
mix of services, can be managed at home with family support for many years.
Care in the home provides the familiar surroundings that provide a security
to the Alzheimer's patient. Maintenance of the patient's independence and
ability to care for themselves for as long as possible is critical. Also,
being a part of the routine that the patient is accustomed to, and experi-
ening the love that only family can provide can make a difference in the
life expectancy of an Alzheimer's patient. Dr. Joseph Gadbaugh, a Detroit
area Geriatrician, states that in his experience Alzheimer's patients have a
life expectancy of about three years in a nursing home. Alzheimer's is the
most frequent reason for institutionalization according to the March 1986
publication, Coordinator. They also state that for every Alzheimer's
patient in the nursing home there are three more at home. If the funding by
Medicare for home health care programs expanded to include chronically 111
patients, like those with Alzheimer's, many more could avoid premature
institutionalization. They would live longer in the presence of those they
love. Their loved ones would be able to manage the patient at home with
significantly reduced stress if home care resources could be provided for
them.

The physician with a better understanding of home health care can guide
the family through the difficult decision of where to provide care. Under
the Medicare program, a certified home health care agency may directly bill
the Medicare program for services provided to patients meeting the program
qualifications. In general, patients who are under the care of a physician,
considered medically homebound and in need of skilled care meet program
criteria for service. An occasional Alzheimer's patient, having the
“fortune' of an additional qualifying skilled diagnosis meets Medicare's
regulations. One such qualifying Alzheimer's patient was Renaissance Health
Care's William S., case #4329.

William was admitted to Renaissance after hospitalization for
pneumonia. A Stage II Alzheimer's patient, he was fairly easy for his
family to manage with assistance at home. Under the Medicare program,
William qualified as homebound due to his confusion and extreme shortness of
Lreath on ambulation. However as mentioned before, his Alzheimer's alone
would not have met the skilled care provision. Because William also had a
diagnosis of Pernicious Anemia requiring monthly B-12 injections, he met the
qualifications. Only Alzheimer's patients who are currently under treatment
in the hospital for primary diagnosis of unstable hypertension or diabetes,
for stroke or hip fracture or a host of other “skilled' diagnoses would
qualify.

Qualifying patients may receive, under the physician's orders, an array
of appropriate services which could include Skilled Nursing, Home Health
Aide, Physical Therapist, Speech Pathologist, Occupational Therapist,
Medical Social Worker, or Nutritionist. Medicare defines the program as an

intermittent' service, so for most patients care is provided several times
per week. Nurses have the opportunity to provide assessment and treatment.
They also have the opportunity to teach the patient and most importantly -
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their family. The nurse will carry out the care plan as ordered by the phy~
sician and will coordinate the other home health care services on the case.

The discharge planning unit at the hospital where William was an in-
patient conferred with his attending physician about the appropriateness of
home health care. Renaissance Health Care, a certified home health agency,
was contacted and care was begun the day after discharge. With shorter
hospital stays, good discharge planning is crucial for Alzheimer's patients.
A plan of nursing care for the B-12 injection, and for home health aide
service twice weekly for family respite was drawn up. No other services
were deemed necessary for this patient. By qualifying, patients, such as a
stroke victim, might need every one of the services available.

Renaissance's aide, Carrie, provides personal care
under the Medicare home health program.

The home health agency may continue to provide care as long as the
patient meets the program qualifications. Once the need for skilled nursing
care and treatment are no longer present, the agency must initiate the
discharge. For most patients, this is within the first month or two of
care. At Renaissance, the average length of stay for all patients is
approximately 36 days. For patients with continued skilled care needs and
homebound status, such as William's monthly B-12 injections or catheter
care, home health care may continue for a longer period.

William has had two hospitalizations for recurrent pneumonia. A recom—
mendation from the home care nurse was a change in his diet. His difficulty
in swallowing regular foods due to a former stroke made him a good candidate
for pneumonia. The nurse, Kay, suggested a diet of pureed food which
greatly improved his health status. She also taught the family safety
techniques in feeding the patient. Obvious tips such as feeding the patient
only when awake and fully sitting up, and not giving the patient foods that
could cause choking, were reinforced by the nurse.

Wheelchair bound William could still be taught positional changes — the
“wheelchair push-ups' - that help avoid skin breakdown. His family was
taught to encourage the position changes and turning while in bed, as well
as given information about stimulation and reorientation. The nurse, Kay,
encouraged his wife and daughter to allow William to do as much as possible
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for himself. She made suggestions for home activities to encourage visual
and auditory stimulation such as placing his wheelchair near a window with
activity, watching television or listening to the radio, and encouraging
friends and family to talk and visit with the patient.

Their nurse also provided information about the Alzheimer's Association
in William's area — their support groups and a hot line services for
families in distress. Kay made arrangements for durable medical equipment
that the patient would need at home. A hospital bed and bedside commode
were obtained under the doctor's orders from a local medical supply company.
While in the hospital, William had received an egg crate mattress to help
prevent skin breakdown and this continued to be used at home. The home care
nurse also provided the medical supplies required for the treatments she
would be performing at home. If lab work was required, she could draw blood
for iron binding or other tests as ordered by the physician. The results
would be both phoned to the attending physician and mailed to their office.

The home health nurse is responsible for maintaining an open line of
communication between the homebound patient and their physician. By phone
contact to inform the doctor of significant changes in the patient's
condition, and by mailing the physician updates in the patient's care plan,
the community health nurse functions as an extension for the doctor. The
physician's responsibility in utilizing a certified home health care agency
is to be available for phone communication from the home health team member,
and to sign and return physician's order confirmations in a timely manner.
Changes in reimbursement mechanisms have made prompt return of the
physician's orders a matter of fiscal survival for a home health agency.

When assisting the family in the decision for home health care or
institutionalization, the physician should be aware that in most locationms,
there are many players in the certified home health care market who can pro-—
vide widely varying standards and services. When Renaissance Health Care
was incorporated in 1976, there were only two other agencies providing
community health care service. In 1986, that number has grown to over 60
agencies. For-profit and not-for-profit agencies may now participate in the
Medicare program. Free-standing, privately owned agencies now compete with
large national chains. Department stores, pharmacy chains and large
conglomerates are also a part of the home health industry. Also, hospitals
have continued the trend of either acquisition, joint venturing, or forming
their own home care agencies.

Again, the discharge planners in hospitals should be familiar with the
differences in agencies and their hospital's position. For many hospitals,
a close working relationship with only a few of the many agencies competing
for patient referrals has enabled them to both develop joint programs that
meet physician needs and to acquire a depth of knowledge about the quality
of care provided. A large, private, non-profit home health care agency such
as Renaissance Health Care is able to provide program development services
to physicians requesting specific protocols be followed to patients with
high tech needs. Renaissance is also affiliated in a joint venture with the
hospitals of the Detroit Medical Center and has a commitment to meeting the
post—discharge needs of the specific patients they serve.

The physician should consider several areas in making an independent
selection of home health care agencies. In addition to good community
reputation, an agency should be approved for all forms of home health care.
New agencies do not, for example qualify for the Blue Cross home health
program. Home health care agencies providing medical supplies may be an
important service to the Alzheimer's family who is often homebound too. It
is also important that an agency is able to provide all of the various
medical disciplines under the Medicare home health program.
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For patients in an inner city environment like Detroit, a physician
should be aware of whether the agency will be able to provide service to a
patient who would otherwise qualify for the program but are without
insurance coverage. An agency's affiliation with teaching institutions is
another indicator of credibility and community standing. Renaissance, for
example, is affiliated with three schools of nursing and provides their
community health experience. The agency is also affiliated with Wayne State
University's School of Medicine and gives third and fourth year medical
students a first hand look at the benefits and complexity of care in the
home. Other considerations for selection that the doctor may look for might
be availability for 24-hour answering service, other special grants and
programs that the agency can offer its patients alone, and an effective
response time. A final consideration might be the most telling: asking
other physicians about their experience with the agency under consideration,
or checking with patients themselves who have used the service. Renaissance
Health Care asks all patients for an anonymous evaluation of service, and
from their ratings shows a 95% overall service ranking as good or excellent.
Patients and family are quick to both praise and complain if the level of
professional service and personal caring is or is not acceptable.

PRIVATE DUTY NURSING SERVICES

All patients qualify for private duty nursing care. All patients who
can afford to pay, that is. Of course, not all Alzheimer's patients are
candidates for home care. Family decisions about private duty must consider
the primary caregiver's health status, financial resources, other depen-
dents, and the progression and characteristics of the disease. For many
Alzheimer's and other chronically ill persons who are ineligible for skilled
nursing care under the home health program, a good private duty service can
make the difference between maintaining their loved one at home or making
the decision to institutionalize. For a fee, the private duty agency can
provide registered nurses, LPNs, aides, sitters or companions. Some can
also provide therapists upon request.

Patients may find these services listed under the nursing section of
the yellow pages. In making the decision for care, cost and quality of care
would be the first consideration. Prices do vary considerably, even in the
same geographical area - at times up to as much as 60% difference. While
cost shopping can be checked by family members, the physician could advice
them to ask about minimum time required in the home by the nursing service.
If the caregiver needs help in getting the patient our of bed and dressed in
the morning, and help again at bedtime, four hour minimums would require
payment for eight hours daily. Renaissance Health Care is affiliated with a
private duty agency, Royal Home Care. They chose to make available special
services which waive the large minimum blocks of time. Royal's “wake—
up/tuck-in' care allows families to have a break in their constant care of
Alzheimer's patient without over—extending their financial resources.

Again, word of mouth is a good indicator for the type of service and
satisfaction with a private duty agency. Patients should be able to expect
prompt, courteous service that is dependable. Caregivers should be bonded,
referenced and should be working under the supervision of a staff nurse at
the agency. The physician may again be asked to help in the choice between
the need for a registered nurse or and LPN. The doctor's knowledge of the
medical needs of the Alzheimer's patient should be valuable in selection of
the educational level needed by the home care professional employed.

Families should explain the patient's condition fully to the intake

nurse to help in the assignment of a caregiver who will be experienced and
able to work with the Alzheimer's patient.
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Dissatisfaction with a private duty agency or one of their employees
need not occur more than once. Proliferation of these agencies and the fact
that the patient is the paying customer usually yields prompt response to
any difficulties.

The problem for even the most affluent of families becomes the long
term expense of private duty care. For those needing 24 hour service,
several months of care can run into many thousands of dollars. Therefore,
this cannot be the long term solution for most patients. Some families are
able to manage by using private duty care as a respite when the primary
caregiver is exhausted.

ADDITIONAL HOME CARE RESOURCES

Various other programs for which the Alzheimer's patient may qualify
are available on a limited basis and may be of assistance in maintaining the
patient in their own home. Renaissance, for example, is affiliated with two
volunteer respite programs for which an Alzheimer's patient would be
eligible. Funded through the Senior Companion program and Retired Senior
Volunteer Programs, senior volunteers are available to provide family relief
for up to 20 hours weekly. Other programs of respite are available on a
limited basis to help the family cope with the demands of constant patient
care.

In some communities, Alzheimer's patients who are over the age of 60
would qualify for programs funded by the Older Americans Act. These can be
helpful supplementary services to families without other resources. Again,
Renaissance, has a grant from the Detroit Area Agency on Aging for a
specific catchment area in northeast Detroit. Under this grant, homemaker
and minor chore services may be provided free of charge for seniors unable
to perform these tasks for themselves any longer. An elderly spouse taking
care of an Alzheimer's patient would certainly meet qualifications for these
programs. Other Older Americans Act programs which may be available include
senior day care, home repair, information and referral, meals at home, some
transportation services, and personal care. The physician could also
recommend that the family contact the local senior citizen department for
more information.

FINAL RECOMMENDATIONS

While this chapter has primarily dealt with home care resources as they
exist for Alzheimer's patients, a few words are appropriate regarding what
should be. For skilled care patients, home health care has been proven to
be a cost effective mode of health care delivery. Congress has been slow to
fund any extension of home health into the chronic care segment. But
pressure has begun to mount for long term care funding for senior citizens,
which would certainly also benefit tbhe elderly Alzheimer's patient.

The first recommendation would be to advocate for the expansion of home
health benefit to include coverage for long term care needs, such as those
of the Alzheimer's patient. Keeping Alzheimer's patients in their home will
maintain their independence, their dignity and their security among the
familiar things and routines of home for as long as possible. It would be a
more humane alternative to the institutionalization of an Alzheimer's
patient which often means restraint and heavy medication. It would
definitely help the family through teaching and home medical support.
Renaissance Health Care is able to provide skilled home health care at a
cost of approximately $17 per day-far less than the cost of hospitalization
or nursing home placement.
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A second recommendation would be to extend funding for Older Americans
Act services to include personal care and home health aid. Not all Agencies
on Aging choose to fund these components of their programs. But as health
care costs and needs continue to escalate with our graying popula-
tion, the need for emphasis on the priority services of food and medical
care must be recognized.

Another suggestion to assist in the home care of Alzheimer's patients
would be to begin additional respite care programs. Volunteer and staff
programs of respite care enable family members to survive the constant care
requirements of the Alzheimer's patient. If more agencies were able to
provide the respite care that Renaissance provides for its patients, more
families would be able to avoid premature nursing care placement based on
their exhaustion.

As well, a final recommendation would be to provide a home health care
educational component to all schools of medicine. Students in the Wayne
States's Medical School home health experience relate that the experience
was valuable in understanding the role of the home care team in relation to
the physician and in seeing how much of an opportunity the home care staff
has to really help the patient. A frequent criticism of medical school
curriculums has been the dearth of education on gerontological topics and
community health is rarely included. The well-informed physician is best
able to help their patients and families through the crises that are often a
part of Alzheimer's disease. Physicians with a good understanding of the
provision and limitations of home health care and the resources available to
aid in home care of the Alzheimer's patient will be invaluable.
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UNDERSTANDING PROGRESSIVE DEMENTIA:

MAKING A CASE FOR THE CASE HISTORY

Dorothy Booth Ann Whall

College of Nursing School of Nursing

Wayne State University University of Michigan
Detroit, MI 48202 Box 0482, 400 N. Ingalls

Ann Arbor, MI 48109

Some very relevant information about Alzheimer's disease and other
progressive dementias has surfaced through the endeavors of health care
professionals who painstakenly compiled case histories and noted observa-
tions over time of patients who presented with cognitive disorders. For
example, during the first decade of this century, Alois Alzheimer, a
neuropathologist, used a case study approach with historical dimensions to
describe behavioral and mental changes in a patient with a progressive and
irreversible form of dementia (Wolstenholme & O'Conner, 1970). Today, this
condition is referred to as Alzheimer's disease (AD or senile dementia of
the Alzheimer's type (SDAT). The information obtained by using the case
history approach and clinical observations served as the impetus for Dr.
Alzheimer's post-mortem exploration of brain cells to identify changes
associated with the dementia (Reisberg, 1981). This report is divided into
two sections, the first section focuses upon the use of case histories to
describe the onset and progression of AD, and the second portion describes a
program of research which has developed a health history profile to
discriminate between AD and other disorders.

From the discovery that characteristic brain changes were seen in
persons who had displayed similar changes in memory and behavior,
researchers were able to reach the conclusion that AD is a primary dementia,
not a dementia secondary to other conditions. It has been the hope that in
vivo biological markers could be identified and used in making the diagnosis
with a high degree of accuracy. However, this has not yet happened (LaRue,
Dessonville & Jarvik, 1985). LaRue et al., have pointed out that few
longitudinal studies have been conducted to provide the data needed to
understand the development of mental dysfunctions in the latter half of the
life span, and no data are available from cohort or cross sequential studies
to help us distinguish between changes that accompany aging and changes from
other influences at the time of measurement.

The recommendation for comprehensive case histories by Gurland & Toner
(1983), and others, therefore, remains very timely and important. Gurland
and Toner (1983), concerned with the dilemmas encountered in making an
accurate diagnosis, have discussed the need to establish a timetable of the
appearance of cognitive deficits and changes in the patient's ability to
handle instrumental tasks such as the activities of daily living.
Relationships between the data on this timetable and the appearance of other
signs associated with progressive dementia can then be identified. This
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information is needed to make a differential diagnosis between "pseudo
dementias"”, acute conditions, or progressive dementias that present with
memory change, decreased ability to make good judgments, or language
difficulties. Gurland & Toner make it very clear that it is not a safe
practice to formulate the diagnosis of progressive dementia solely on the
results from psychological tests, clinical observations and other procedures
without considering the chronological events and their relationship to the
disabilities evidenced in the patient. It would be difficult to construct a
chronological timetable such as the one suggested by Gurland et al. (1985),
without eliciting historical information from persons who have been closely
associated with the patent over time.

Rosen (1983) also supports the use of the case history approach. He
has suggested that in making the diagnosis of AD, one of the first compo-
nents of the patient's evaluation includes taking "a detailed history from a
reliable informant, usually a spouse or offspring” (p. 51). The informant
needs to be asked questions that will provide information about the "nature
and history of the symptomatology, including the initially observed
symptoms, the emergence of new symptoms, the nature of the onset, and the
course of functional decline: (Rosen, 1983, p.51). From Rosen's
experiences, informants are not able to give definitive information about
the time of onset of the disorder, but they are able to recall the
progressive deterioration in the patient's functional abilities.

Barry (1984) has concurred with Gurland & Toner, Rosen and others
stating that it is important to ask about the length of time that has
elapsed since the demented patient's mind was functioning normally, and over
what time span the disorientation developed. A reliable relative or friend
who knew the patient well can be invaluable in establishing these facts,
according to Barry.

Other support for the case history approach comes from the criteria
developed for diagnosing dementias that is delineated in the most recent
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM
III) published by the American Psychiatric Association (1980). For example,
the first criterion focuses on loss of intellectual ability that is severe
enough to interfere with social or occupational function, and one of the
components of the third criterion for making a diagnosis focuses on changes
in personality, such as alterations or accentuation of premorbid
characteristics. Evidence that could only be obtained from the patient's
case history, then, provides information that is vital in making the
diagnosis of dementia. The guidelines provided in the DSM III manual
recommend that historical information along with data obtained from the
physical exam, psychological and mental status, and neurodiagnostic tests
and procedures be used to provide the evidence needed to rule out other
disorders and make a diagnosis of primary dementia. Other diagnostic
procedures (i.e. CAT scans to determine cortical atrophy, and electro-
physiological measures to determine whether EEG slowing is present) also are
recommended because there are no known neurological procedures available to
unequivocally confirm the diagnosis of a primary degenerative brain
disorder.

Compiling substantive historical and observational information is an
intricate matter that requires the use of a systematic approach if the
information obtained is to be accurate and comprebhensive in nature. Skills
in interviewing and making relevant observations are needed. This is
especially true because persons afflicted with AD or related disorders most
often are not able to give reliable information about themselves, and family
members who are considered for use as surrogate informants for patients with
dementia may or may not be able to provide detailed, reliable historical
information. According to some of the literature, those chosen as surrogate
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informants need to be selected using the following guidelines: (a) high
frequency of contact (i.e., at least two contacts per week with the
patient); (b) having known the patient for at least ten years prior to the
onset of the dementia; (c) reporting an interactive and congenial
relationship with the patient (i.e., has taken part in activities and
enjoyed good times together and shared information, feelings, etc., with the
patient) and (d) have good cognitive abilities.

Whenever possible, more than one surrogate informant should be inter-
viewed on behalf of the patient with dementia, and comparisons made to
determine the amount of congruence between the information received from
each informant. This will serve as a safeguard against the inclusion of
data that are not reliable or that has been colored by emotions stirred in
informants who have assumed the caregiver role. Use of some open ended
questions as well as structured questions in the interview process will
provide the surrogate informants the opportunity to reflect on the timetable
of events that took place prior to the premorbid stage of the disorder. It
also encourages the informants to describe factors that they believe are
associated with the development of dementia in the patient.

Examination of Alzheimer's Disease (AD) Case Histories

Using the case history method as an approach to describe the onset and
progression of AD has been identified as important. Therefore, the use of
case histories as a tool to chronicle the person's life experience as well
as to focus upon risk factors that have been theoretically and empirically
related to the onset of AD is important. Toulmin (1976) and others have
discussed the importance of the use of health histories to identify and
describe risk factors. An overview of a series of studies in a program of
research is presented in the section. An AD case history, the Life Factor
Profile, which was developed and examined in terms of ability to discrim-
inate between persons with AD versus non AD is also described. This tool is
seen as having potential utility for clinical practice as well as research.
The program of research is currently in the third phase of study.

The initial Life Factor Profile was developed using two approaches:
empirical findings which had described factors believed to be related to the
onset and progression of AD were compiled and placed in a questionnaire
format and then data provided by first degree relatives of persons who were
diagnosed with Alzheimer's disease were used to extend the questionnaire.
This latter data were collected in open ended interviews and focused upon
health and life style practices which the family member believed to be
related to the onset and progression of AD. These data were combined with
empirical findings and examined by a panel of experts in AD on onset and
progression to address, to some extent, construct and face validity. Areas
of the case history included hereditary/familial factors such as the
occurrence of Down's Syndrome or Parkinson's Disease, social factors such as
isolation, disease and disease treatment history such as head injury and
metabolic disorders, nutritional/dietary factors, as well as degree of
physical activity. Demographic data such as employment, educational level,
and places of residence were also examined.

In the first study a convenience sample of twenty persons with AD and
twenty without this condition from a nursing home population were examined.
That is, the Life Factor Profile was completed using data provided by first
degree relatives (e.g., spouses and children) who had daily contact with the
person with AD. The diagnostic protocols for diagnosis of AD were examined
using criteria identified as necessary for the presumptive diagnosis of AD.
Those without the condition had also been examined to determine that AD was
not present.
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In the second study thirty subjects with AD were randomly selected
through relatives participating in AD support groups. A senior citizens
comparison group of thirty of similar age, gender, and race was also
randomly selected for comparison on the Life Factor Profile. The senior
citizens were examined for mental clarity prior to inclusion in the study
and the AD diagnostic protocol was again examined for the AD group. 1In
addition, consistency between the responses of relatives were examined and
found to be significantly correlated in the majority of items on the case
history. In both studies the case histories which were related to empirical
findings and life experience as reported by relatives was significantly
different from the AD group versus those without this condition.

The third phase or study in this program of research, will be a double
blind study in which 200 persons with cognitive dysfunction, but without a
final diagnosis, will be divided into AD versus non-AD on the basis of the
case history presented on the Life Factor Profile. Thus, the discriminant
validity of this case history instrument will be examined; test-retest
reliability and internal consistency will also be examined.

In summary, case histories have been identified as important clinical
tools in tbe identification of many health conditions such as lung cancer,
breast cancer, and heart disease. Case histories have thus reduced
important clinical data which were found to have important research
implications. Case histories of those with AD and the development of an
instrument to examine these case histories are thus seen as important
clinical and research effort. Beyond the discriminant validity study, opne
which examines the case histories of those who on post mortem examination
were found to have AD, is also seen as important.
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EXERCISE TREATMENT FOR WANDERING BEHAVIOR
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BACKGROUND

Persons who experience confusion and disorientation pose a variety of
management problems for caregivers. One such problem is wandering behavior
that leads people to walk out of their residences and become injured or
lost.

The role of physiologic and anatomic changes in causing cognitive im—
paiment and, in turn, wandering behavior, is not known. Ruling out treat-
able dementias which may be caused by drug toxicity, depression, vitamin B-
12 deficiencies, and numerous other factors (Blumenthal, 1979; Solomon,
1979; Steel and Feldman, 1979; Wolanin and Phillips, 1981), there are at
least two types of true dementia, neither of which presently can be cured
(The Aged brain, 1982). The first type is arteriosclerotic, or multiple
infarct dementia; the second is Alzheimer's disease.

Mitigating against a biophysiological explanation of wandering behavior
is the fact that given similar levels of cognitive impairment, ability to
move about, ages, and kinds of dementia diagnoses, some elderly people
wander while others do not (Monsour and Robb, 1982). Thus, some people
believe that wandering behavior is the product of a functional relationship
between a person and a specific social enviromment (Earnest, et al., 1978;
Perez, 1980). When the behavior is deficient, or the individual or the
enviromment or both factors can be altered to restore behavior, management
has focused on treating the individual and assumed that there were
deficiencies in the enviromment. Interventions used have included vitamins;
sedatives; tranquilizers; oxygen; physical restraint; placement on locked
units; and alarm systems. Individuals who wander are usually placed in long
term care institutions where custodial care is the rule. Little or no
emphasis is placed on attempting to restore or improve behavioral efficiency
via envirommental changes. The institutional enviromment often creates
dependent behavior that requires less management effort from staff (Perez,
1980, p.94).

Environmental factors that have been suggested as causes for wandering
behavior include: (1) relocating and becoming lost or seeking to learn a
new environment (Hiatt, 1980; Mace and Rabins, 1981; Monsour and Robb,
1982), and (2) factors that restrict opportunities to communicate needs or
feelings (Hiatt, 1980; Mace and Rabins, 1981; Monsour and Robb, 1982).

213



Given that there is no specific curative treatment for most of the
dementias, evaluation of the adequacy of management strategies depends on
"quality of life" criteria (for example, morale, interpersonal relation-
ships, functional status, and so forth) (Cross, Gurland and Mann, 1983).
Benefits for demented people using one management strategy versus another
have not been determined, although many such strategies have been used or
suggested.

PURPOSE AND HYPOTHESES

The overall objective of this study was to evaluate on intervention for
wandering behavior; namely changes in elderly, male clients' wandering and
wandering-related behaviors as a result of participation in a physical
exercise program. Hypotheses concerned the effect of exercise on both day-
time and nighttime behaviors. Expected daytime behavior changers were: (1)
less wandering behavior (changes in intra-unit location, more time spent in
each location, and less motor activity), (2) less energy expenditure
(decreased voluntary limb and head movement), and (3) fewer bizarre or
ritualistic verbalizations. Predicted nighttime behavior changes were: (1)
less wandering behavior, (2) increased bed occupancy, (3) increased
sleeping, and (4) fewer bizarre or ritualistic verbalizations.

DEFINITION OF WANDERING

Care was taken in developing an operational definition of "wandering"
to differentiate this behavior from deliberate escaped/runaway or generally
acceptable/ "normal" movement. Thus, a wanderer was defined as a person who
moved, under his or her own volition, into unsafe and/or inappropriate
situations while experiencing impaired cognitive status. Operationally,
impairment on both the Mini-Mental State (MMS) (Folstein et al., 1975) and
Mental Status (MSQ) (Kahn et al., 1960) questionnaires; that is , an MMS<23
points and MSQK28 points. Movement was defined by three measures: the
number of changes in location within the resident's unit, time spent in each
location, and time the resident spent moving his entire body through space.
Institutional policies precluded verification of current tendencies to enter
unsafe/inappropriate situations. Predefined criteria and retrospective
record review were used to document subjects' manifestations of this
component of the definition.

METHODOLOGY
Design

This quasi-experimental study involved a multiple pre- and post-test
design, consisting of a single group of subjects, to measure effectiveness
of a single treatment, exercise. Dependent variables were measured three
times, at four-week intervals, before the exercise intervention; eight weeks
after the twelve-week long exercise program began; and six weeks after the
program ended.

Subjects

Criteria for subject selection were (1) current status as a wanderer;
(2) male; (3) age > 50 years; (4) expected to stay through all sex observa-
tion periods; (5) physician permission, based on absence of selected acute
illness; (6) ability to walk or move about by wheelchair; (7) ability to
communicate and follow simple instructions; and (8) evidence of cognitive
impairment.
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Dependent Variables

Study hypotheses required comparisons of the following variables across
six daytime observations periods: (1) changes in intraunit locatiom, (2)
time spent in each location, (3) motor activity, (4) limb and head movement,
(5) initiative in limb and head movement, and (6) bizarre or ritualistic
verbalizations. Data from six nighttime observation periods were compared
for the following variables: (1) changes in intraunit location, (2) time
spent in the bedroom, (3) motor activity, (4) bed occupance, (5) sleeping,
(6) bizarre or ritualistic verbalization, and (7) silence.

All data were collected using behavior mapping., Data collectors were
trained initially to meet an interrater reliability standard of 95Z or
higher. Adherence to this standard was reevaluated in each phase of the
design. Daytime behaviors were recorded on each subject for 10 minutes per
hour for a total of six hours per day, per two—day observation period.
Nighttime behaviors were observed once each hour for eight hours per night
for two nights per observation period. Multiple measures, recommended by
Sackett (1978), were used to summarize behavioral observations. However,
results with the various measures were quite similar. Thus, only one
measure was reported for each variable. The measures chosen were those that
seemed conceptually appropriate. For example, total behavioral changes per
session was chosen for changes in location, mean duration per behavioral
change was chosen for the time spent in each location, and estimates of
duration was chosen for all other daytime variables. Nighttime variable
measures selected were total behavior changes per session for changes in
location and percent of possible frequency, for all other variables.

Independent Variable

The exercise program was conducted according to a detailed protocol.
In brief, each subject received 12 weeks of exercise over a 13 week period.
Thirteen weeks were required to compensate for five holidays when exercise
were not held. Any sessions missed by subjects due to exercise leader
absences were made up on Saturdays. Sessions were usually held five days
per week, Monday through Friday, for two hours each, in outdoor locations.
The program was provided from September through mid-December, 1983.
Graduate student assistance from the masters degree program in Exercise
Physiology at University of Pittsburgh served as leaders. The following
goals served to structure the exercise program: (1) avoid physical harm
from excess effort, (2) minimize stress assumed to occur when obtrusive
monitoring devices are employed, (3) deliver enough exercise to satisfy
assumed needs for energy expenditure, and (4) allow for individual levels of
ability and motivation.

Initial fitness testing was done by the exercise leaders to place
subjects in on of three exercise regimens described in The Fitness Chal-
lenge, (1968). Fitness testing included the amount of time that subjects
could (1) walk and (2) stand on one leg without undue difficulty; a
controlled pace/distance test; grip strength, measured with a dynamometer;
and range of motion, measured with a goniometer, Exercise regimens were
modified, based on fitness testing, to substitute walking for activities
that involved balancing or jogging.

Pulse checks, close cbservation for signs of cardiorespiratory dis—
tress, and cardiopulmonary resuscitation training for exercise leaders were
the main strategies used to avoid effort-induced physical harm.. Subjects
were encouraged by praise and other rewards to remain in motion from the
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start of the exercise period until they had expended enough energy that they
were "too tired" to want to continue moving. This end point was operation—
ally defined as "failure of task performance despite verbal and nonverbal
effort.” Typical rewards were arrival at destinations that offered contact
with pet animals, and opportunity to observe building construction, or a
small smack "to go."

RESULTS

The exercise intervention had no impact on daytime wandering behaviors,
but did seem to produce changes in nighttime behaviors. No significant
differences (p > 0.1) were observed within the subject group (N=20) across
the six observation periods for any of the three dependent variables used to
indicate daytime wandering behavior, nor were trends in values in the
expected direction. Wandering-related behaviors that included extraneous
energy expenditure and various kinds of verbalizations, also remained un—
changed by the exercise program.

Three variables were considered to indicate wandering behavior at
night: (1) number of location changes, (2) time spent in the bedroom, and
(3) time spent in motion. A significant difference (p < 0.05) was observed
for two of the three indicators: number of location changes and time spent
in motion. The number of locations visited per ten minutes was stable be-
tween 2.0 and 3.1 locations before and during the exercise program, declined
to 1.7 immediately following the program, and then increased to 2.5 loca-
tions six weeks after the program ended (F= 2.43; df = 5,90; p = 0.04). The
time spent in motion decreased form the baseline period (13 to 22% of the
time) to 8% of the time by the eighth week and 7% of the time by the
thirteenth week of the exercise program, and increased toward baseline
levels six weeks after the program ended (11% of the time) ( F=4.19;
df =5,90; p = 0.002). Changes in values for time spent in the bedroom were
on the expected direction, but were not statistically significant
(p > 0.05).

Immediately following the exercise program, the percent of time sub-
jects were silent at night increased significantly (p < 0.05) from 1.4 to
1.6 percent while the percent of time spent in social/personal conversation
declined from 1.6 to 0.0 percent (p < 0.05). The amount of bizarre/ritual-
istic verbalization was not significantly changed. F-values were as follows:
no interaction/ silent (F = 4.41; df = 5,90; p = 0.001), social/personal
conversation (F = 3.45; df = 5,90 p = 0.007), and bizarre/ritualistic
remarks (F = 1.34; df = 5,90; p = 0.253).

Serendipitous findings form this study, apart from the impact of
exercise on wandering behavior, can be summarized as follows:

1. Subjectively, a majority of the men enjoyed the program as
evidenced by their regular and willing attendance, improved facial
expressions and verbalized comments.

2. The program objective, energy expenditure, to a point where desire
to move about was satisfied, was achieved for most subjects in 60 minutes or
less. Subjects improved significantly (p =0.001) in the mean amount of time
they needed to exercise before becoming "too tired, " from 16 minutes in
the first week to 34 minutes in the last week. Three subjects progressed to
the point where they needed to jog, rather than walk to achieve this goal.

3. Range of motion improved significantly, for 87 to 96 points (p =
0.007), probably as a result of the flexibility exercises provided within
the warm-up, stimulus, and cool-down phases of each session.

4. Based on exercise program content, changes in the following attri-
butes were not expected an did not occur: muscle strength, cardiovascular
fitness, and balance.
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5. Cognitive status did not change for the time of pre- to post-
program testing.

6. The terms, wandering behavior and wanderer, were defined differ-
ently within and across health disciplines, despite the fact that both terms
were used to label substantial numbers of elderly people and, in turn, to
guide treatment plans.

SIGNIFICANCE

Subjects in this study were among the oldest (50-87 years, X = 69.5,
S.D. + 8.7) and most impaired (cognitively and physically) males to be sub-
jected to a regular, vigorous, exercise regimen. It is noteworthy that,
given preventive measures, no injuries or fatalities occurred and most
subjects did not object to exercising.

This study was not designed to evaluate costs in relation to benefits.
However, to facilitate such evaluation in future studies, records of program
costs were maintained. Costs for project personnel to dress (and additional
task necessitated by the exercise program) and exercise subjects, as well as
for fitness testing and exercise supplies and equipment, totaled $39,102.42.
Due to subjects' short term memory deficits, one-to-one exercise leader to
subject ratios remained the rule, rather than the exception. Assuming that
elderly wanderers require constant, close supervision when exercising and
can require over an hour to achieve goals, exercise as a treatment for
wandering may prove to be expensive.

In view of the partial support for the study hypotheses that developed
despite considerable institutional resistance to the exercise program, fur—
ther study of exercise as an intervention for wandering behavior in elderly
people is warranted.

SUGGESTIONS FOR FUTURE RESEARCH

Recommendations to guide future studies of this treatment are as
follows:

1. Test exercise with wanderers who are truly free to wander (free of
chemical or physical restraints), for example, people living at home or
attending day care centers and who may have just started to demonstrate the
behavior. Alternatively, an institutionalized group could serve as subjects
if management policies and procedures did not restrict the behavior.

2. Timing of exercise effects needs to be considered, and possibly
categorized as short term (first 8 hours after exercise), intermediate
(second 8 hours), and long term (third 8 hours).

3. Attention must be given to possible energizing effects of exercise
as well as energy-depleting effects. Impacts of exercise on subjects'
ability to perform activities of daily living, affect, and social behavior,
in addition to the target behavior wandering need to be determined.

4. Given some evidence that females may manifest different patterns of
wandering behavior than males, continued attention to sex differences in
designing future studies is required.
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THE RELATIONSHIP BETWEEN CONFUSION AND ABUSE

Linda R. Phillips

University of Arizona, College of Nursing
Tucson, Arizona 85721

Under the best of circumstances, caring for a confused or demented
elderly person is difficult, because the behaviors associated with con—
fusion are so disruptive. Acute confusion, for example, is characterized by
behaviors such as restlessness; purposeless activity; anxiety, fright and
apprehension; agitation; verbosity; confabulation; rambling, repetitive
speech; dependent and demanding attention getting behavior; withdrawalj;
belligerence; and combativeness (Gebbie and Lavin, 1975). The
characteristics of early dementia include forgetfulness, declining interest,
difficulty focusing attention, indifference, uncertainty and hesitancy
(Quayhagen, 1977). As dementia progresses, behaviors such as confusing
night and day; complaining about the neglect and interference of other
people (particularly significant others); inattention to health, hygiene and
safety; losing possessions and accusing significant others of taking them;
and inability to retain or follow simple directions are manifested (Wolanin
and Phillips, 1981; Quayhagen, 1977). Whereas health professionals working
in institutional settings for eight hour periods of time find these kinds of
behaviors frustrating, challenging and difficult, family members caring for
elders twenty-four hours a day in the home setting can find these kinds of
unpredictable behaviors to be nearly impossible to manage. The purpose of
this paper is to explore some of the ways in which an elder's confusional
state affects the family caregiving dynamics and, consequently, the qual-
ity of family caregiving, to examine the factors associated with confusion
that increase the likelihood of the elderly person being exposed to abuse
and to identify the clinical implications of these relationships.

FAMILY CAREGIVING DYNAMICS AND
THE QUALITY OF FAMILY CAREGIVING

Although the existence of the family caregiving role for the frail
elderly is well documented in this country (Brody, Poulshock and Masciocci,
1978; Kohen, 1983; Shanas, 1979; Stoller and Earl, 1983, Archbold, 1980;
Archbold, 1983; Cantor, 1983), little research has sought to describe the
dynamics and the quality of family caregiving. In an effort to generate a
theoretical model which described the dynamics of family caregiving,
Veronica Rempusheski and I (Phillips and Rempusheski, In Press) undertook an
inductive study using the grounded theory method (Glaser and Straus, 1967,
Glaser, 1978). The sample, which was drawn from individuals who responded
to one of two newspaper advertisements, consisted of 39 family caregivers
(14 who had answered an ad for "good” relationships and 25 who answered an
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ad for "abusive" relationships). Nineteen of the subjects resided in the
midwestern United States and 20 subjects resided in the southwestern United
States. These 39 subjects described a total of 36 elders who had physical
and mental disabilities and care needs that ranged from mild to acute. All
the subjects were caucasian and related to the elder by consanguinal or
acquired kinship ties. In both locations, the majority of caregivers lived
with the elders they described. By analyzing the tape recorded comments of
the caregivers, we generated and empirically induced theoretical models to
describe the dynamics of family caregiving from the caregiver's perspective.
Some of the concepts identified in that investigation provided a framework
for understanding the possible relationship between confusional states and
elder abuse. These concepts included the caregiver's (1) Image of the
Elder, (2) Image of Caregiving, (3) Intrapersonal Responses to Images and
(4) Role Beliefs.

Image of the Elder

Image of the Elder is the mental picture that the caregiver has of the
elderly individual which is derived from past associations, present obser-
vations, and the reconciliation of past with present images. According to
Goffman (1963), as individuals interact over time, each develops &
constantly evolving "dossier” about the other which contains, among other
things, a history of events, impressions, normative role expectations and
evaluations which uniquely identify the one person to the other. This
"dossier" is used by each individual as the basis for their or-going
interactions with the other person. One of the mental tasks that caregivers
constantly perform is reconciling the past image of the elder witb the
present image of the elder. Reconciliation can result in "spoiling of the
elder's image either when the elder's present image is less positive than
the past image or when the elderly one is viewed negatively both in the past
and present. A spoiled identity can be used by the caregiver as a righteous
excuse for extreme negative behavior management strategies some of which,
such as hitting or locking up, fit the definition of elder abuse found in
the literature.

Characteristics of confusion place the confused elderly perscn in
double jeopardy. Because the elderly person is mentally impaired, he or she
is stigmatized and already "less than human”. In addition, the behavior of
the confused person may be so alien and repugnant to the caregiver that the
person becomes additionally stigmatized and "spoiled”. This attitude is
particularly pronounced if the caregiver has not connected the confused
behavior with a sanctioned, acknowledged, health-related problem such as
Alzheimer's disease.

Image of Caregiving

The second concept from the framework of relevance to this discussion
is Image of Caregiving which 1s defined as the degree to which the care-
giver's personal imperatives, standards and values are realized by the care-
giving situation. From the data collected in this study, it appears that
caregivers come to the caregiving situation with an implicit set of
standards regarding their behavior, the behavior of other people and life in
general. These standards or proscriptions constitute an ideal against which
observations and perceptions of "reality"” are judged. During the process of
providing care, caregivers continually attempt to reconcile their
proscriptions about caregiving with the perceived reality of caregiving that
they face every day. The results of this reconciliation process can have
profound implications for the behaviors that they display in the course of
caregiving.
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The behaviors displayed by confused people can have a profound impact
on the reconciliation of proscriptions with the perceived reality of
caregiving. When confused elders are seen by the caregiver as being "well"
or only sporadically confused, behaviors that violate established standards
of behavior can be interpreted by the caregiver as intentional and
provocative. This effect can be particularly profound when the caregiver
views the elder as the original source of the family's standards and cannot
identify a plausible reason for the elder's behavior.

Intrapersonal Responses to Images

Intrapersonal Responses to Images is the third concept induced in the
study that has relevance for understanding the relationships between con-
fusion and abuse. Intrapersonal Responses to Images are the intrapsychic,
affective responses that the caregiver has to the results of reconciling the
past with present images and reconciling proscriptions with the realities of
caregiving. Anger, frustration, and embarrassment are examples of the types
of responses that caregivers of the confused elderly have toward their
images. Anger and frustration seem to be related to power conflicts in
which the caregiver views the confused elder's behavior as a deliberate
challenge to the caregiver's standards or efforts, or as a deliberate
attempt to be aggravating.

Anger in response to confused behavior is also associated with a per-
sonal characteristic displayed by some caregivers which we identified as
caregiving dogmatism. Following Rokeach (1963, p. 195), caregiving
dogmatism is defined as a relatively closed cognitive organization of
beliefs and disbeliefs about caregiving organized around a central set of
beliefs about absolute authority which, in turn, provide a framework for
patterns of intolerance and qualified tolerance toward the elder. Care-
giving dogmatism is demonstrated as strong, unyielding opinions about how
elders and caregivers should be and should behave, closed-mindedness in con—
sidering alternative beliefs or behaviors and a personal projection of right
and justice in actions and thoughts. The unpredictable behavior of a
confused elder can provide a dogmatic caregiver with multiple reasons for
retaliation.

Embarrassment seems to be associated with three types of situations
each of which is supported by the work of Goffman (1956) and associated with
the behavior of confused elders. In the first, the caregiver views the
elder and himself as an inseparable unit, a partner in an intertwined,
reciprocal role relationship. Therefore, the credibility of the
entire team is threatened and embarrassment results. In the second
situation, the caregiver assumes the role of observer and experiences
vicarious embarrassment for the elder. In the third type of situation the
caregiver becomes embarrassed because the elder reveals a dark secret about
the caregiver or the caregiver's family. Caregivers who respond with
embarrassment are likely to use caregiving management strategies that will
control the source of the discomfort. At least among the caregivers
interviewed for this study, some of the strategies that are used are neg-
ative, abusive and denigrating to the older person.

Role Beliefs

The last concept discovered for the study of relevance for this discus-
sion i1s Role Beliefs which is the dominant interpretation that the caregiver
has for the purpose of the caregiving role. At least three conceptual
dimensions underlie the caregiver's Role Beliefs. These are related to the
overall purpose that the caregiver ascribes to caregiving, including
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(a) Assessing/Nurturing, a positive role expression, (b) Monitoring, and
(c) Testing, both negative role expressions.

The confused elderly are particularly at risk for baving caregivers
whose Role Beliefs include Monitoring and Testing because of the nature of
confusion. A confused elder is frequently disruptive and unpredictable. As
a result, a caregiver seeking to control chaotic behavior through whatever
means is at hand is a logical prediction under these circumstances.

CLINICAL IMPLICATIONS

This paper has explored some of the factors that indicate a theoretical
relationship between the presence of a confused elder in the family setting
and the presence of elder abuse. Before proceeding with the clinical
implications of these observations, it would be wise to exercise a word of
caution. Although there is theoretical evidence and some empirical evidence
that some confused elders receive abusive treatment for their family
caregivers, the evidence does not suggest that every confused elder is the
victim of abuse. In fact, there are so few studies on elder abuse, in gen-
eral, and on the abuse of confused elders, in particular, that drawing any
kind of inference about the incidence or prevalence of this phenomenon is
impossible. Most of the caregivers of confused elders who I interviewed
reported that, on occasion, they resorted to the use of an isolated abusive
act in order to cope with the elder's behavior. The range of these abusive
acts included occasional verbal assault, threats, embarrassments,
withholding food or drink, slapping and confining to bed, chair, room or
locking out of the house. Because of the sampling technique used, the
caregivers I interviewed, however, cannot be viewed in any way as repre-
sentative of the total population (of family caregivers). In addition, the
few tests of the relationships between confusion and abuse that have been
conducted have produced conflicting results. Nevertheless, I believe that
because of the strong theoretical support, clinicians cannot ignore the
possibility that caregivers who are burdened with the care of a confused
elder may abuse the elder. This may be true for professional care providers
working in nursing homes, as well as for family and other care providers in
the community. As a result, I believe that as clinicians, we must increase
our sensitivity to the problem but not increase our levels of suspicion to
the point that we see an abused elder behind every caregiving situation. In
addition, there are other types of interventions that we, as clinicians, can
use to prevent, identify and ameliorate this problem.

1.) Provide the caregiver with a logical, disease-based explanation
for the behavior that the elder is displaying.

2.) Provide the caregiver with the opportunity to verbalize his/her
images. This may help to neutralize some high risk situations.

3.) Caregivers need to begin to find normality in the situation they
are facing.

4.) In-home, community based nursing services can help to ameliorate
the potential for abuse by providing on-going monitoring for the
situation, a social watchdog which is extremely important in cases
of potential abuse, as well as ongoing support and instruction in
providing caregiving for a confused elder.

5.) Caregivers need to understand that there is more than one way to
fulfill filjal or spousal responsibility.

6.) Provide respite care.
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CONCLUSION

Although the empirical evidence supporting a relationship between elder
confusion and elder abuse is scant, there is sufficient theoretical support
that the possibility of an individual confused elder being abused by his or
her caregiver cannot be ignored. Confusion appears to alter the dynamics of
caregiving in such a way that the responses of caregivers are difficult to
predict. As clinicians, we have the responsibility of remaining sen-
sitive to the special problems of families who provide care to confused
elders. Sensitive support and astute assessment may be key to improving the
quality of care for confused elders at home and in preventing the possi-
bility of a difficult situation turning to abuse.
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A SYSTEMATIC APPROACH TO THE NURSING CARE OF

ACUTELY ILL GERIATRIC PATIENTS WITH COGNITIVE IMPAIRMENT

Donna Lenore Wells

Sunnybrook Medical Centre - University of Toronto
Toronto, Ontario, Canada

This afternoon I am going to discuss two examples of clinical nursing
research related to the care of geriatric patients who suffer both an acute
illness and irreversible cognitive impairment. Cognitive impairment refers
to alteration in orientation, memory, language, insight, judgment, attention,
perception, and thought content.

The first study provides an example of the inductive research process.
It is designed to expand nursing knowledge via a systematic investigation
of observations made in clinical practice, and thereby develop precise
definitions of problems. The second project is more deductive in nature
in that the study hypothesis and tentative nursing protocol are derived
from theoretical and related research findings. In this study, substantive
nursing knowledge is being sought regarding solutions to a clinical practice
problem.

Cognitive impairment in elderly patients is one of my main clinical
interests. I am overwhelmed continually by the multitude of problems
related to the care of these patients which require investigation. However,
two major issues have emerged from my clinical and consulting work during
the last three years that demand systematic inquiry. The first is the
early and often premature discontinuance of rehabilitation in elderly,
orthopaedic patients with Alzheimers disease, a type of therapeutic
nihilism. The second problem relates to the probability that the hospital
setting exacerbates symptoms of helplessness in cognitively impaired,
elderly patients. I call this phenomenon the frying pan/fire syndrome.
Problem one is the subject of the first part of the presentation.

THERAPEUTIC NIHILISM

Each year I am involved in the care of approximately 80 to 90 elderly
orthopaedic patients who have suffered hip fracture. A percentage of these
patients also have cognitive impairment as a result of Alzheimers dementia.
I have made certain observations regarding these patients:

1. They do not respond to usual therapeutic and rehabilitation techniques
(e.g. early mobilization and progressive rehabilitation).

2. As a result they are being discharged from active or acute treatment
programs by physiotherapy, occupational therapy, nursing and medicine--
a form of therapeutic nihilism. This compromises the patient's
opportunity for complete recovery from the orthopaedic trauma and
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impedes the return to the pretrauma functioning level. It follows then
that this decreases the patient's chance to return to the community in
his/her previous capacity.

3. Despite good intentions, staff often lack specific knowledge relating to
the special care needs of elderly, cognitively impaired patients.

Because of the significance of these problems in relation to rehabili-
tation and outcome, I decided to identify the predominant issues
surrounding care of these patients as they are described by orthopaedic
staff nurses. My assumption was that knowledge of the major issues would
lead to the precise definition of specific clinical problems so that
directions for nursing care could be established. Consistent with Linker's
Theory of Planned Change (Havelock, 1976), I felt it was crucial to
articulate the perceptions of the problems as held by staff nurses. Then I
could expect the nurses to consider alternative guidelines for giving care,
and to be committed to the implementation of these guidelines. Another
assumption I made before pursuing this study was that these patients were
not "placement problems" and therefore could be rehabilitated actively and
discharged back to the community.

The study I conducted subsequently was basic and descriptive in nature,
and has been reported in ten orthopaedic patients who had been admitted
during a one-year period with a secondary diagnosis of Alzheimer's disease.
All were over 65 years of age.

The patients' records were reviewed retrospectively to answer the
following questions:

1. What are the most common pre— and postoperative problems of elderly
orthopaedic patients with Alzheimer's disease?

2. How do orthopaedic nurses describe these problems?

3. What interventions do orthopaedic nurses use most commonly with respect
to these problems?

(Common was defined as those problems or interventions that were recorded
for more than one-half of patients.)

The data revealed the following problems and related nursing inter—
ventions commonly recorded by nurses during the preoperative period: 1)
confusion--described as forgetful, unsure of location, unable to relate
events leading to hospitalization, and incoherence--necessitating frequent
reality orientation and physical restraint; 2) restlessness and agitation——
described as attempts to leave unit, climbing over side rails, removing bed
and night clothes, and noisy-—necessitating physical and chemical
restraints.

The most common postoperative problems recorded by nurses also included
restlessness and agitation, and confusion. These two problems were
similarly described and managed. However, additional descriptors of
restlessness and agitation in the postoperative period included refusal of
therapies and such rehabilitation techniques as transfers and ambulation,
and the inability to complete standard postoperative assessment protocols
{(e.g. active dorsi-plantar flexion to test for nerve intactness).

A third common postoperative problem, not noted in the preoperative
period, was sadness. Patients were described as "weepy", "cries
frequently"”, "feels isolated”, "refuses to take food and fluids", and
withdrawn"”. The most common nursing interventions were frequent
reassurance and assistance with meals.
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Five issues for nursing practice were identified from these data:

1. Care of these patients is complicated and rehabilitation is delayed or
discontinued when there are multiple, complex problems.

2. Orthopaedic nursing interventions are not specific enough to compensate
for cognitive deficits.

3. Confusional behaviours are not precisely defined; therefore, nursing
interventions tend to be limited when it comes to the cognitively
impaired patient.

4. The data revealed the presence of an acute on chronic confusional state.
Restlessness and agitation decreased after the tenth postoperative day.
This is evidence that these behaviours may not be part of the irrever-
sible disease process, but rather may be signs of an underlying treatable
cause.

5. The last issue identified is that the total patient is affected. Using
Myra Levine's model of nursing (Levine, 1983), the ill, hospitalized
patient is the focus. Disruption has occurred in the four areas of con-
servation. The patient's energy is depleted as a result of the ortho-
paedic trauma and restlessness; his structural integrity is compromised
as a result of surgery and non-compliance with positioning and exercises;
his personal integrity is compromised related to impaired communication
and sadness; his social integrity is compromised related to separation
from family and friends, and impaired communication.

With this knowledge of the major issues, precise problem statements
can be made and related nursing interventions selected, again using Levine's
model as a guide. The assumptions underlying these interventions are:

1. Cognitive and behavioural disorders associated with Alzheimers disease
and exacerbated by orthopaedic injury can be managed with specific
deliberate nursing interventions. The nurse provides individualized,
skilled, and knowledgeable care.

2. The patient has competencies which can be optimized. The patient should
be involved in care. The focus is on abilities not on disabilities or
impaired function; in this way conservation of a proper balance between
nursing intervention and patient participation is maintained.

3. The environment can be prosthetic. It can be manipulated to assist the
patient in adjusting to the situation and prevent decompensation. The
nurse then participates actively in the patient's environment.

4. Optimum rehabilitation potential and return to pre-admission functional
level can be achieved if the conditions described above are met. This
concept of health constitutes a broader definition of the end of acute
care treatment away from a medical to a nursing model. In other words,
the end of treatment includes recovery from the fractured hip plus a
recovery of function.

Levine also states that the nursing diagnosis provides direction and
influences interventions. Therefore, the diagnosis should be specific.
Table 1 summarizes the exact nursing diagnoses (Kim & Moritz, 1982, and
Jones, 1982), their defining characteristics, and relevant nursing inter-
ventions.

The nursing goals are to provide a structured and familiar routine
through which the environment is explained or interpreted to the patient by
a consistent caregiver. Another goal is to minimize the effect of the
patient's impairment and related feelings of depression in order to
facilitate care and rehabilitation. In the same way, the patient's energy
is conserved; structural integrity is restored; the need to interact is
satisfied. Therefore personal and social integrity are maintained.

As a result of this basic research project, nursing diagnoses were

precisely defined. Nursing interventions specific to these diagnoses were
then selected, resulting in the successful rehabilitation of these patients.
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TABLE 1. The Orthopaedic Patient with Alzheimers Disease--Nursing Diagnoses,
Defining Characteristics, and Relevant Nursing Interventions

Diagnoses Characteristics Interventions
1. Alteration in - loss of memory - consistent caregiver
thought processes - disorientation - simple, frequent orientation

- minimize potential confusion
precipitators (e.g. sleep

deprivation)
2. Thought processes - impaired - clear & simple communication
impaired communication (approach directly, gain eye

contact, refer to patient by
proper name, identify self,
speak slowly, do not shout,
use short sentences, allow
patient time to respond,
repeat self exactly)

- use touch

- reduce personal space

3. Thought processes - inability to follow - clear & simple communication
impaired instructions (as above)
- minimal capacity - teach one skill at a time
for learning - encourage participation in
care
- use demonstration & gesture
4. Consciousness - restlessness ~ identify cause
alteration - agitation - treat cause (may need to
(delerium) consult physician)

- coopt family for consistency

- use touch to calm, comfort
patient

- manipulate the environment
(avoid restraint,V stimuli,
provide consistent care-
giver, early mobility)

5. Depression ‘- weepy - consistent caregiver
- sad - offer support (use touch,
- reduced intake personal belongings, dress

in street clothes)
- encourage independence

THE FRYING PAN/FIRE SYNDROME

Of course, one thing always leads to another. Linked to the first
problem, that is the early discontinuance of therapy to elderly, hip frac-
ture patients with Alzheimers disease, is the second problem that I am going
to discuss. This related to the probability that the hospital setting
exacerbates symptoms of helplessness in elderly patients, especially those
with irreversible cognitive impairment. In other words, admitting these
persons from the community, where they were functioning satisfactorily in
the premorbid condition to the acute care hospital is like taking them from
the frying pan and placing them in the fire.

The frying pan symbolizes the premorbid state in which the patient is
vulnerable to helplessness by virtue of age and the cognitive impairment,
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but manages in a familiar environment. The fire represents the hospital
which, by its very organization and unfamiliar environment, increases vul-
nerability to helplessness in these patients. Helplessness is defined as:

"3 state that is associated with an external orientation towards
control and power. The central notion is that the self is vulnerable
and unable to affect the outcome of the situation, no matter what

the action..." (Wolanin & Phillips, 1981)

From personal observations, the frying pan/fire syndrome impedes the
rehabilitation process. The clinical question is: What is an appropriate
treatment and management protocol for the hospitalized elderly with cogni-
tive impairment? This question led to the goal of this study, which is to
select and test the effectiveness of specific nursing interventions in
reducing helplessness and improving patient outcomes in this target
population. Presently, the study is at the design stage.

A review of the literature revealed an absence of research examining
either the effects of hospitalization on the cognitively impaired elderly
or the efficacy of particular interventions on outcomes. However, certain
social and psychological theories and related research findings regarding
the phenomenon of helplessness have provided direction to both the formu-
lation of my study hypothesis and the selection of the nursing protocol.
This is the focus of the discussion.

There are many ways to conceptualize the frying pan/fire syndrome.
Goldfarb (1969), for example, summarizes the psychodynamic process under-
lying old-age helplessness in this way. The loss of resources concomitant
with normal aging results in decreased competence or ability to determine
and satisfy personal needs; hence, there is an increase in vulnerability to
feelings. of helplessness which is reflected in behaviours such as passivity
and dependence; absence of initiative to make decisions or choices; fear
and anger.

The model of normal aging, described by Kuypers & Bengston (1973),
explains loss of competence in old age as a function of social system
changes. With aging, we experience loss of role (and with this, loss of
knowledge and productivity), loss of referent or peer group, and an absence
of norms or guidelines for our behaviours. As a result, the older person
is forced to depend on the feedback of others to evaluate his performance.
Unfortunately, in our society this feedback tends to be negative. Lacking
support for alternate ways of viewing his performance, the older person buys
into this negative feedback, behaves and is treated accordingly. Eventually
external feedback and negative expectations become internalized to the point
where the elderly individual's coping skills atrophy and he labels himself
as incompetent. According to Kuypers & Bengston, this completes the cycle.
To alleviate the problem or break the cycle, they suggest encouraging an
internal locus of evaluation and control which in turn fosters self-
labelling as able and increases ability to cope. Research focussing on the
institutionized, cognitively intact elderly lends support to this assertion.
Schultz (1976), for example, demonstrated that increasing choice and control
over life events within the institution counteracts physical, psychological
and social decline. Although theoretically and empirically appropriate,
however, such interventions are not applicable to the population under
study. The cognitively impaired by virtue of their impairment have lost
insight and problem solving abilities. As a result, they have lost the
capacity to develop and maintain an internal locus of control and must
depend on others to help satisfy their needs.

To avoid feelings of despair (which is similar to helplessness) and

achieve a sense of integrity, personality theorists describe specific life-
span, developmental tasks that need to be accomplished. Tasks applicable
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to the geriatric population as outlined by Peck (1956) include: the estab-
lishment of new roles and activities, a focus on comforts, enjoyments and
mental tasks, and an emphasis on past successes to de-emphasize body dis-
comforts. I would argue that it is a formidable undertaking for the aged
to complete these tasks, given the physiological and sociopsychological
contingencies of normal aging as shown in Table 2 (Steffl, 1984).

All of the changes involve losses; therefore the aged are vulnerable
to feelings of helplessness and may demonstrate dependency behaviours. It
may be impossible for the cognitively impaired to accomplish the tasks of
aging without assistance, since they suffer abnormal intellectual losses
as well as the other insults of aging.

Moving from the frying pan into the fire, the hospital exacerbates
helplessness behaviours related to explicit characteristics of its organi-
zation, well described in Goffman's model of institutional totality
(Goffman, 1961). The following characteristics are included.

Overprotectiveness of staff. Staff perform routine tasks even when the
clinical situation improves, and often without an assessment of the patient's
capabilities.

Infantilization of patients. This is the tendency to treat the elderly
as children, not mature adults. It occurs through the use of bedrails,
restraints, bows in hair, and by staff performing total care.

Depersonalization associated with hospitalization. This involves the
removal of personal belongings and reference to patients without the use
of their proper names (e.g. "chronics" in Room 202).

Staff expectations of older patients (especially those with dementia).
The expectation is that these patients will not recover and that they need
help. The result is that the expectation of disability becomes the dis-
ability itself.

The medical model of cure. This model continues to dominate the acute-
care environment. The focus is on disease and the physical history almost
to the exclusion of a psychosocial and premorbid functional history. There-
fore recovery from illness becomes the measure of successful outcome, while
recovery of function, which requires more time and a particular approach,
is ignored. Subsequently, the patient may be labelled "chronic" and/or
"placement problem" and further acute care is discontinued.

Acute care environment. This environment is unfamiliar and fast paced.
Elderly patients simply cannot keep up. As well, in this environment,
communication in understandable terms, especially for demented patients, is

TABLE 2. Physiological, Social and Psychnlogical
Contingencies of Aging

Losses accompanying aging:

1. Physiological - decline in vigor & strength
2. Psychological - "looks", body image

3. Personal - spouse, friends

4. Social - position, leadership

5. Philosophical - purpose in living

6. Religious - unable to attend church
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limited if not totally absent. Yet effective communication is essential to
the administration of nursing care (King, 1981).

These adverse features of hospital organization reinforce feelings of
helplessness and dependency behaviours, and reflect attitudes of health
professionals toward these patients as incompetent and dependent.

The key conclusions from this review of the psychosocial dynamics of
helplessness are:

1. Aging and cognitive impairment result in personal and interpersonal
perceptions of decreased competence to solve problems and satisfy
personal needs, leading to feelings of helplessness;

2. Specific behaviours associated with helplessness are passivity and
dependency on others;

3. The hospital environment reinforces the above perceptions and behaviours;

4. Attempts to reverse the helplessness phenomenon by increasing personal
choice and control are not relevant to the population under study, given
the nature of both cognitive impairment and hospital structure.

These conclusions can be used to identify a nursing protocol, aimed at
reducing helplessness and improving outcomes, that is more specific to the
hospitalized elderly with cognitive impairment. As previously noted this
is the objective of the present research.

There are two basic features of the selected nursing protocol. One
feature is the personalization of communication. The aim is to provide
individualized, therefore meaningful, communication through the use of
techniques specific to the cognitively impaired. The rationale underpinning
this approach is compensation for decline in competencies and therefore
facilitation of care and rehabilitation. As noted by King (1981), communi-
cation is fundamental to nurse-patient interactions and to goal attainment.

The second feature of the protocol is the repatterning of the environ-
ment. The goal is to make the environment prosthetic for the cognitively
impaired elderly. The rationale is to reduce dependency 