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Preface

This volume contains the proceedings of a symposium held in Marseille on
April 6, 1992, on the topic “Heterogeneity of Alzheimer’s disease.” This was
the eighth of a continuing and very successful series of meetings related to
Alzheimer’s disease organized by the Fondation Ipsen pour la Recherche
Thérapeutique. These symposia, known as “Colloques médecine et
recherche,” started in 1987 and have dealt with widely different aspects of the
disease such as immunology, genetics, neuronal grafting, biological markers,
imaging, growth factors, and last year’s less conventional topic of Neurophilo-
sophy and Alzheimer’s disease. The next IPSEN symposium dedicatet to Alz-
heimer’s disease will take place in Lyon on June 21, 1993, and will deal with
“Amyloid protein precursors in development, aging, and alzheimer’s disease.” It
is being organized by Konrad Beyreuther, Colin Masters, Marc Trillet, and
Yves Christen.

Until a few years ago, several names were used to refer to the most common
cause of dementia in the elderly. They included such terms as “senile psycho-
sis,” “organic brain syndrome,” and “senile dementia.” Following Kraepelin,
the term “Alzheimer’s disease’ was often restricted to an uncommon condition
starting at a younger age (before 60 or 65 years of age). In 1978, the conclu-
sions of a symposium organized by Robert Katzman, Robert Terry, and
Katherine Bick pointed out that there was an “increasing recognition that the
clinical and pathological manifestations are almost identical in the presenium
and in the senium.” This and the success in the United States of the Alzheimer
Disease and Related Disorders Association (ADRDA, now called Alzheimer
Association) were among the factors contributing to the much more wide-
spread use of the term “Alzheimer’s disease” in recent years.

Independently of the nomenclature, it has always been obvious to anyone
dealing with demented patients that there are marked differences among pa-
tients. In fact, once we start taking a close look, we find that cases always differ
from one another and that no patient is ever exactly like any other. Does this
symply reflect the variability found in any disease, or does it represent the
expression of different pathological phenomena?

This symposium gathered researchers with backgrounds as different as epide-
miology, clinical neurology and geriatrics, neuropsychology, neuropathology,
molecular biology, and genetics. The primary purpose of the meeting was to
provide elements that might allow a rational answer to the question of hetero-
geneity of Alzheimer’s disease. This question is of great theoretical interest,
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but with the appearance of new therapeutic interventions, it may well start
having a very significant practical importance.

The city of Marseille and its neighbor Aix-en-Provence have a long-standing
tradition of academic excellence in many fields including neurology and neuro-
sciences and we are indebted to the Mayor of Aix, Dr Jean-Francois Picheral,
who provided a very warm welcome to the participants. Once again, the
organization of the meeting was perfect in all respects, thanks to the efforts of
Mrs. Jacqueline Mervaillie and her colleagues. We also wish to thank the
contributors to this volume, the authors of posters, and all the participants to
the meeting. Our particular gratitude goes to Dr. Zaven Khatchaturian who in
the past several years has significantly contributed to the development of
research on Alzheimer’s disease in the United States and other countries. Our
thanks also go to Professor Michel Poncet and Profesor George Serratrice who
kindly acted as session chairs, and to Mary Lynn Gage who provided editorial
assistance.

Francois Boller
Yves Christen
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An Overview of Scientific Issues Associated
with the Heterogeneity of Alzheimer’s Disease

Z.S. Khachaturian

At present no scientist can say with assurance whether Alzheimer’s disease
(AD) is a single disease, a complex syndrome, with many subtypes and varie-
ties of patterns in its manifestations, or many different diseases with similar
clusters of symptoms. The heterogeneity of the disease is demonstrated in
many of its aspects: age of onset, duration, clinical course, types and patterns
of neurological and psychiatric symptoms, response to treatment and neu-
ropathological lesions.

A number of the scientific problems facing the field of AD research are
directly associated with heterogeneity in the expression of this disease.
Although during the last 14 years significant progress has been made in identi-
fiying and describing the different manifestations of AD, the underlying biolog-
ical mechanisms of the heterogeneity still remain to be uncovered. The general
problem of heterogeneity provides an unusually rich array of scientific oppor-
tunities for further research direction. The following is a brief discussion of
some these research avenues that need further investigation.

Biological Basis of Heterogeneity

The search for genes associated with various brain metabolic dysfunctions and
abnormal processing of cytoskeletal proteins promises to be one of the most
productive lines of research in uncovering the cause(s) of this disease. The
recent findings of mutations in the APP gene have created great excitement
and given special impetus to the search for other loci and other mutations.
Unfortunately, identifying the locus and the nature of the mutation will not be
sufficient; this field still needs to determine the functional consequences of
these genetic changes and how they affect protein synthesis or alter metabolic
activity.

Presently it is not clear whether mutations in genes are a necessary and
sufficient condition to cause the disease or whether one or more additional
biological insult(s) are necessary to trigger the degenerative processes of AD.
If there is a relationship between genetic predisposition for AD and environ-
mental factors or other systemic metabolic dysfunctions, the mechanism for the
interaction between genes and such triggering factors is not well studied. The
field needs to know how changes in metabolic functions, the immune system,

F. Boller et al. (Eds.)
Heterogeneity of Alzheimer’s Disease
© Springer-Verlag Berlin Heidelberg 1992



2 Z. S. Khachaturian

neuroendocrine factors, infectious agents, and exposure to toxins influence the
expression of the disease or modulate its course.

There is also a need for further investigation of co-morbidity with AD of
other neurodegenerative diseases and systemic disorders. The patient’s health
history, dietary habits, occupation, exposure to toxins and life experiences,
such as education, need to be studied more systematically. Recent epidemio-
logical investigations have suggested that lack of education might be a risk
factor for AD. If these observations are confirmed, they may provide clues to
possible mechanisms of heterogeneity by linking risk factors like life experi-
ences to changes in the brain such as synaptic density or synaptic reserve.

Clinical Studies of Heterogeneity

Early in the history of AD research, there were no commonly accepted dia-
gnostic criteria or standardized assessment instruments. Since the mid-1980s,
diagnostic criteria have been established and several multicenter collaborative
studies initiated to develop, validate, and standardize diagnostic tests. Now the
field of clinical research on AD needs to expand its efforts to refine the
established criteria. It is time to begin developing a comprehensive diagnostic
classification schema that will categorize patients into more homogeneous
groups on the basis of clusters of symptoms which are clinically meaningful for
treatment or management.

Infrastructure and Resources for Clinical Studies of Heterogeneity

Presently there are very few facilities that are adequate for the conduct of
systematic longitudinal studies of the clinical course of AD. The lack of suit-
able facilities for clinical research, the insidious onset of the disease, its slow
progress, and the high cost of research have all contributed to the difficulty of
conducting the much-needed longitudinal clinical studies on AD. Yet, to study
systematically the problem of heterogeneity in AD, the filed needs longitudinal
studies with large numbers of subjects recruited from diverse backgrounds.

Such studies should be designed as collaborative efforts among many centers
around the world that are prepared to obtain detailed medical histories and to
collect carefully repeated observations on the clinical course of the disease
using validated and standardized instruments, tests or observation techniques.
These studies should follow the clinical course of the disease from its earliest
possible stages through autopsy. It is only through such carefully and methodi-
cally conducted studies that it will be possible to establish the clinical pathologi-
cal correlations of this disease and to begin sorting out answers on the hetero-
geneity of AD.

In summary, defining the scientific issues related to the heterogeneity of AD
is critical to realizing advancement in our knowledge of this devastating dis-
ease. The topic of heterogeneity is important from the perspectives of what
scientists need to know; better understanding of the biological basis of hetero-
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geneity should provide new insights into possible etiologic factors and lead to
refinement of theories on the biology of dementing process(es). The topic is
also important from the perspective of clinical care because, undoubtedly,
better knowledge of heterogeneity would lead to improvements in the design of
clinical trials and the development of specifically targeted treatment strategies.
Finally, more information of heterogeneity should lead to the development of
well-conceived patient care and management approaches, thus improving the
quality of life for both the patient and care provider.

In closing, I want to express my deep appreciation to the Foundation IPSEN
for having the foresight to organize this symposium on timely topics concerning
Alzheimer’s disease. I am particularly grateful to Jacqueline Mervaillie and
Yves Christen for their efforts to include me as a participant in this important
conference.



A Comparison of Clinical Outcome and Survival
in Various Forms of Alzheimer’s Disease

R. Mayeux, Y. Stern, and M. Sano

Summary

The heterogeneous character of Alzheimer’s disease (AD) has significant etio-
logic and clinical implications. Heterogeneity makes the definition of AD less
than precise, and it has made it difficult to establish a single etiology, be it
genetic or environmental. For example, the aphasic “subtypes” of AD have
been associated with an increased likelihood of having family history of demen-
tia in a first-degree relative (Breitner and Folstein, 1984; Breitner et al., 1986).
A different phenotype, characterized by early onset AD with myoclonus and
seizures, was found to exhibit linkage to chromosome 21 (St George-Hyslop et
al., 1987). Not all patients with familial AD manifest aphasia; neither does this
imply specificity to a particular etiology.

Clinical heterogeneity could also reflect pleiotrophy (a single gene with
multiple effects or manifestations). Similarly, a series of studies has established
that a proportion of patients with AD develop extrapyramidal signs, mycolonus
or psychosis The appearance of these signs might predict the rate of disease
progression in terms of both intellectual deterioration, functional decline and
death. The cumulative risk of developing extrapyramidal signs or psychosis is
highest in early stages of AD, while the risk of myoclonus occurs later. For
patients with AD the risk of dying is also significantly increased once myoclon-
us or extrapyramidal signs appear. It has now been implied that this clinical
heterogeneity does not define “clinical subtypes” of AD; rather these signs
appear to be development manifestations that reflect disease progression and,
presumably, the underlying pathophysiology and etiology.

Phenotypic Variation:
Clinical Heterogeneity in Alzheimer’s Disease

Family studies have shown that a “young onset” phenotype is consistently
“linked” to chromosome 21 (St George-Hylops et al., 1987, 1990). Moreover,
there is evidence that a specific point mutation in codon 717 of the APP gene
on chromosome 21 (APP;y7) is present in affected members, and not in unaf-
fected members, of five unrelated families with the young onset phenotype
(Goate et al., 1991; Naruse et al., 1991; Lucotte et al., 1991; Murrell et al.,
1991; Chartier-Harlin et al., 1991).

F. Boller et al. (Eds.)
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Other clinical and pathological data sustain the view that this phenotype may
be unique. Duffy et al. (1988) reported “spongy’” change in the neocortex of
patients with young onset familial AD. The syndrome associated with this form
of AD also included myoclonic jerks, aphasia progressing to complete mutism
and a rapid progression of illness leading to death. Similary, Bird et al. (1983)
reported that patients with familial AD and myoclonus often had the greatest
reduction in choline acetyltransferase activity in the brain at the time of post-
mortem examination. Less consistent has been the observation that there is a
reduction in the cerebrospinal fluid content of the major metabolites of sero-
tonin and dopamine in patients with myoclonus (Kaye et al., 1988a, b). How-
ever, neither report related these finding to a genetic or environmental etio-
logy.

An aphasic form of AD has also been suggested as a specific “subtype’ and
proposed as a specific phenotype with a genetic etiology. The observation that
a disturbance in language was the major defining feature was first mentioned by
Breitner and Folstein (1984) when they noted that patients with familial AD
were unable to complete a sentence task from the Mini-Mental State Examina-
tion. Moreover, affected first-degree family members were similarly agraphic.
In fact, an extended battery of tests examining for aphasia, agraphia and
apraxia found a significantly higher frequency of language disturbance in the
relatives of “agraphic” patients with AD than among sporadic cases. Breitner
et al. (1986) found that the life time (to age 90) risk of dementia in first-degree
relatives of probands with the “agraphic” form of AD was approximately 50%,
suggesting an autosomal dominant gene with age-dependent penetrance.

Seltzer and Sherwin (1983) also found that men with onset of AD before age
65 were more likely to show language impairment, particularly diminished
spontancous speech, verbal comprehension, confrontation naming and
impaired writing. Life expectancy was also reduced for these individuals. Their
explanation of these finding implicated a genetic vulnerability in the left hemi-
sphere which was affected in AD.

Jorm (1985) has offered an alternative explanation for these observations,
suggesting that the cross-sectional nature of these studies did not exclude the
possibility that these “subtypes’ simply represent different stages of the dis-
ease. That would mean that all patients with AD, regardless of their etiology,
might eventually develop aphasia. Jorm (1985) pointed out that data presented
by both groups of authors indicated diminished survival for the language disor-
dered groups. In addition, others have noted a relationship between language
impairment and survival (Heyman et al., 1983).

Thus the alternative explanation for phenotypic variations or clinical hetero-
geneity is that they represent various stages of the disease and not a specific
phenotype associated with a particular genotype or etiology. Perhaps the only
exception is the young onset AD phenotype associated with the familial AD
(FAD) gene on chromosome 21 (St George-Hyslop et al., 1987, 1990).

While it may be critical to separate each individual syndrome or clinical
variant within the diagnosis of AD, this leads to the assumption that various
clinical features characterize specific etiologies. Thus far the only consistent
clinical feature associated with the FAD genotype (chromosome 21) is a young
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age at disease onset. Seizures, myoclonus, mutism and rapid progression are
inconsistent features, and it should be noted that not all young onset forms of
AD are familial. Further, the linkage to chromosome 19 in familial AD with
onset in later life was not associated with a particular phenotype (Pericak-
Vance et al., 1991).

Clinical heterogeneity and the natural history
of Alzheimer’s disease

Although clinical heterogeneity has been recognized for several years in pa-

tients with AD, two reports in 1985 (Mayeux et al., 1985; Chui et al., 1985)

clearly indicated that heterogeneity might be considered an important factor in

disease progression.The major clinical signs that have been associated with
more rapid progression are described below.

1. Extrapyramidal signs: characterized by rigidity (resistance to passive move-
ment of the arms and legs) bradykinesia (sloweness of movement). Occa-
sionally, extrapyramidal signs are the result of dopamine blockade from
phenothiazine administration: Excluding these patients, howewer, we
(Mayeux et al., 1985) and others (Chui et al., 1985) noted that the “extra-
pyramidal” form of AD seemed to be accompanied by more rapid progres-
sion of disease. Nearly 30% of patients in a cross-sectional study were found
to have the signs which we felt were unrelated to disease duration.

2. Myoclonic jerks: characterized by brief, irregular muscle jerks; found to be
present in 5% to 10% of the patients with AD. Most descriptions indicate
that patients with myoclonus are younger than others at the time of disease
onset but, as will become apparent, myoclonus may occur as a late manifes-
tation of AD as well. Myoclonus and extrapyramidal signs coexisted in a
small number of patients.

The work of Chui et al. (1985) supported the view that disease progression was
much more rapid in patients with these signs, although both of these studies
were cross-sectional, making it difficult to appreciate the longitudinal nature of
these observations.

Both clinical and pathological data supported the unique nature of these
observations. Ditter and Mirra (1987) reported depigmentation in the substan-
tia nigra and the presence of subcortical Lewy body formation in patients with
the “extrapyramidal” form of AD. Duffy et al. (1988) described “spongy
change” in the outher layers of the cerebral cortex associated with a familial
form of AD with myclonus and mutism. Kaye et al. (1988a, b) described
reduced concentrations of the major metabolites, serotonin and dopamine in
both of these syndromes.

Whether these manifestations of AD represented a “subgroup or subtype”
was less important than establishing the usefulness of these signs as predictive
features. In two longitudinal studies (Stern et al. 1987, 1990) of the same
patients we attempted to determine the time period from first assessment to a
point at which impairment in cognitive function or activities of daily living was
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reached. We covaried by the presence of myoclonus, extrapyramidal signs and
psychosis to examine these endpoints. Using survival analysis to examine the
rate of disease progression, we found that patients with extrapyramidal signs
reached and advanced stage of dementia more rapidly than equally demented
patients without these clinical signs. However, we found no difference in the
performance of activities of daily living in these two groups over time. Similar
observations were noted for patients who developed psychosis during the dis-
ease course, but we could not address myoclonus because so few patients
presented with this sign.

As a follow-up to the work of Jorm (1985), we wanted to explore the
possibility that these clinical signs represent developmental stages of AD that
reflect disease progression rather than clinical signs that predict disease severi-
ty. To examine this, we again (Chen et al., 1991) returned to our original
cohort. The patients had been followed consistently for nearly five years at six-
month intervals, and all deaths in which an autopsy was performed confirmed
AD.

We used the Kaplan-Meier survival analysis to estimate the cumulative risks
of developing the clinical signs during the course of illness. We determined the
percentage of individuals with any of the clinical signs (prevalence of myoclon-
us, extrapyramidal signs or psychosis) as well as the number of patients who
developed these signs (incidence rate of myoclonus, extrapyramidal signs or
psychosis) over the follow-up period. The cumulative risk for developing either
extrapyramidal signs or psychosis was similar. Both were greater than the
cumulative risk of developing myoclonus. However, with disease progression,
the probability of developing mycolonus became as great as that of developing
the other signs. The assessment allowed us to assume independence among the
cumulative risks and suggested that, whereas extrapyramidal signs and psycho-
sis occurred within the first few years of disease, the emergence of myoclonus
was a late phenomenon. We used binomial tests, adjusted for multiple compar-
isons, and found that extrapyramidal signs occurred before myoclonus in 30 of
43 patients, as did psychosis (both p < 0.05). Extrapyramidal signs and psycho-
sis were present in equal proportions, 25-28%. The prevalence of myoclonus
initially was low (6.9%). However, the incidence or the occurrence of new
signs was highest for myoclonus, with 34.3% of the patients developing this
sign by their last visit (on average about 7 years). The rates for developing
extrapyramidal signs or psychosis were similar, 32.7% and 29.1%, respectively.

These observations led us to develop a different perspective on extrapyrami-
dal signs, psychosis, and myoclonus as well as clinical heterogeneity in general.
We began to view them as indicative of disease stages rather than predictors of
disease progression. In fact, it is likely that many patients with AD develop
extrapyramidal signs early in the disease and that they remain present for a
long period. The frequency of myoclonus (less than 7%) was similar to that
reported by Chui et al. (1985) in their cross-sectional study,but the relatively
high cumulative risk of myoclonus over time suggests that myoclonus is not as
uncommon as previously considered. However, because the duration of AD
decreases after the appearance of myoclonus, the overall prevalence at any one
time in a cross-sectional study would be lower. This phenomenon is the result
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of the known relationship between prevalence and incidence. (Prevalence
equals the product of incidence rate x duration.)

Thus, extrapyramidal signs, psychosis and myoclonus probably represent
development stages of AD rather than clinical subtypes or unique phenotypes.
The “subtype” or “subgroup” concept of heterogeneity would allow one to
view development myoclonus as a distinct subgroup which differs pathologi-
cally and perhaps also etiologically from those who develop extrapyramidal
signs or psychosis. This concept implies mutual exclusiveness as a subtype.
However, it is clear from our data that patients may develop more than one
sign and that myoclonus, psychosis and extrapyramidal signs can coexist. More-
over, it suggests that nearly every patient will eventually develop myoclonus
but the risk differs during the course of disease.

The probabilistic view implies that clinical signs such as extrapyramidal signs,
psychosis and myoclonus, specific levels of function or cognitive deterioration,
or even death are disease markers or outcomes and represent different stages
of the disease. Patients are somewhat “biologically unique”, and it would be
reasonable to expect some degree of variability. In fact, the probabilistic view
allows one to also interpret the emergence of these signs as landmarks by which
to measure disease progression; that is, that once the signs emerge, the survival
can be estimated by probability. The advantage of this view is that each disease
feature is allowed to emerge with different probabilities at different times and
the relationship to other disease features can be properly assessed. This would
help determine the temporal order of various disease manifestations. Of
course, this view does not exclude the possibility that clinical heterogeneity
represents “subtypes.” For example, it is still conceivable that young onset
disease or late onset disease, aphasic or other forms remain unique disease
“subtypes.” On the other hand, it is likely that these signs merely reflect a
natural history of AD.

To further examine the progression to the final stages and death, we used a
second Cox proportional hazards regression model with and without time-
dependent covariates. This enabled us to use the survival analysis approach,
but allowed us to enter “time-dependent” changes. In other words, we could
evaluate and contrast the probability of surviving over time, given the presence
of a single sign, such as psychosis, noted at the beginning of the disease and
then evaluate the effect on the probability of dying by the emergence of other
signs during follow-up. The Cox proportional hazard regression model with
time-dependent covariates is a linear regression equivalent which is applied to
censored data with binary outcomes, such as life or death. It allowed the
examination of one clinical sign while controlling the other. It also allowed for
the inclusion of covariates that vary with time, such as myoclonus or extrapyra-
midal signs. In this way we could examine three different models stratifying by
the presence of extrapyramidal signs, myoclonus, or psychosis at the onset of
the longitudinal study but could also utilize each sign as a time-dependent
covariate considering the presence or development of these signs at any point
during follow-up. Other potential predictors of mortality, such as age, duration
of illness, functional or cognitive impairment, could be evaluated as a time-
dependent measure. In the original cohort, 29 patients had died. Figure 1
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Fig. 1. Survival in patients with Alzheimer’s disease. Comparison of those with myoclonus or
extrapyramidal signs to those without either sign.*
# Does not correct for the presence of more than one sign.

illustrates the survival analyses for patients with either myoclonus or extrapyra-
midal signs at the onset. The differential survival rates noted for each were
significantly different. In the Cox proportional hazards regression model, the
risk of death in patients developing extrapyramidal signs was twice that for
those who did not develop this sign. The risk of death in patients who develop
myoclonus was 3.5 times that for those without these signs. However, when
age, duration of illness, education, age of onset, and cognitive functional
baseline values wee included in the model as fixed time covariates, only myoc-
lonus had a unique value. In fact, when all signs were entered as time-depen-
dent covariates, only myoclonus reached significance. The relative risk of dying
for patients who develop myoclonus was three times that of patients who did
not develop myoclonus. Extrapyramidal signs and psychosis did not reach
significance in this analysis. In addition, and not unexpectedly, duration of
disease, age, and functional decline at baseline were significant predictors of
mortality. The survival analysis suggested that the presence of extrapyramidal
signs or myoclonus early on predicts rapid progression of disease and early
death. Using the Cox proportional hazard regression model we were able to
determine whether the emergence of these signs during the patient’s life would
change the course of disease.

It has been suspected that the emergence of myoclonus might be related to
disease duration. However, when entered as a time-dependent covariate, it is
clear that myoclonus has predictive value over and above that related to
disease progression. An alternate hypothesis is that the occurrence of myoclon-
us is predicted on a shorter span from that point to mortality. This hypothesis
runs counter to the point raised by Drachman et al. (1990) which simply
considers these clinical signs as related to disease duration rather than progres-
sion. However, the use of the Cox model would stroungly counter that view,
particularly with regard to myoclonus.
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Conclusions

Clinical heterogeneity probably plays an important role in the etiology and
natural history of AD. Whether clinical heterogeneity represents phenotypic
variation, pleiotropy or developmental stages of AD remains to be determined.
Clearly, the information derived by the study of clinical heterogeneity in AD
can be used to estimate stage of disease and prognosis. It may also be useful to
identify particular phenotypes in order to establish specific etiologies.
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Prognostic Implications of Symptomatic Behaviors
in Alzheimer’s Disease

H. C. Chui, S. Lyness, E. Sobel, and L. S. Schneider

Summary

Symptomatic behaviors frequently accompany Alzheimer’s disease (AD) and
include disturbances of mood, perception, and motor activity. The frequency of
such symptoms reported in the literature varies depending upon symptom
definition and stage of illness, but usually ranges between 20 to 40%. The
biological bases that underlie these disturbances are not well understood, but
probably related to the presence of specific pathological and neurochemical
substrates (e.g., disproportionate pathology in limbic/paralimbic structures of
the frontal-temporal lobes or changes in biogenic amine systems). A number of
investigators, using different strategies and analytic methods, have shown that
symptomatic behaviors are associated with a faster rate of cognitive decline.
The biological significance of this association between behavior and cognition is
unknown. It is conceivable, however, that the same distribution of pathologic
lesions and neurochemical changes that predispose to psychosis may also has-
ten the rate of cognitive decline.

Introduction

Symptomatic behaviors are frequently associated with dementing disorders
such as Alzheimer’s disease (AD). These symptoms include changes in person-
ality, mood, perception, thinking, and motor activity (Larson et al., 1963;
Gustafson, 1975; Reisberg et al., 1987). These disturbances may be more
disruptive to daily function and more troublesome to caregiving than cognitive
loss, per se (Rabins et al., 1982); they are often important risk factors for
institutionalization (Steele et al., 1990).

In this paper, we review the epidemiology, biology and prognostic implica-
tions of psychosis and agitation, two symptomatic behaviors characteristic of
AD. Changes in personality and disturbances of mood (e.g., anxiety and
depression) are not included. Also, even though behavioral symptoms may at
times be amenable to treatment, interventional issues fall outside the scope of
this paper.

F. Boller et al. (Eds.)
Heterogeneity of Alzheimer’s Disease
© Springer-Verlag Berlin Heidelberg 1992
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Definitions

The key component of psychosis is a disturbance in reality testing. Psychotic
symptoms include disorders of perception (hallucinations) and thinking (delu-
sions); they may also include disorders of identification. Hallucinations refer to
“sensory without external stimulation of the relevant sensory organ” (DSM-
ITIR 1987). Visual and auditory hallucinations are commonly reported in pa-
tients with AD (for review, see Wragg and Jeste, 1989; Burns, 1990b).

Delusions are “false personal belief(s) based on incorrect inference about
external reality and firmly sustained in spite of what almost everyone else
believes and in spite of what constitutes incontrovertible and obvious proof or
evidence to the contrary” (DSM-IIIR 1987). In AD, delusions tend to be
simple, loosely structured beliefs, often with persecutory content (e.g., belief
that possessions have been stolen, or that one’s spouse is unfaithful; Cum-
mings, 1985; for review see Wragg and Jeste, 1989). Delusional material also
can be interpreted as a product of memory loss (Reisberg et al., 1987). For
example, the belief that objects have been stolen may result from failing to
remember where they had been placed.

Misidentifications refer to the mistaken recognition or belief about what is
perceived. Patients with AD may insist that their spouse is an imposter (Cap-
gras syndrome), fail to recognize their own image in the mirror, or mistake TV
images for real people. Misidentifications may result from a combination of
disturbances in perception, memory cognition and reality testing. Persistent
misidentifications are usually associated with paranoid delusions (Rosen and
Zubenko, 1991).

Agitation is used broadly to refer to several types of increased motor activity
with normal form (Victoroff, 1989). It may range from hyperactivity (e.g.,
restlessness, pacing, wandering, non-specific agitation; Victoroff, 1989) to ei-
ther verbally of physically aggressive acts directed at objects or other persons
(Swearer et al., 1988; Deutsch et al., 1991).

Frequency of Symptomatic Behaviors in AD

The frequences of hallucinations, delusions, misidentifications and agitation
occuring in AD patients and reported in the post-1985 literature are summa-
rized in Table 1. The crude prevalences are relatively consistent (e.g., for
hallucinations and delusions, between 16 and 33% in 11 of 12 studies). Metho-
logic issues, however, such as patient sampling, method of ascertainment, stage
of illness, and period of survey time contribute to the variability in the relative
frequencies. Agitation has been more commonly reported among patients liv-
ing in the nursing home (Cohen-Mansfield, 1986) than in the community
(Rubin et al., 1987). Inclusion of misidentifications as a delusional symptom
increases the frequency of psychosis. Higher symptom frequencies are found
when data are derived from caregivers rather than patient responses. Sympto-
matic behaviors are more common in certain stages of dementia. Finally, the
cumulative frequency of symptoms increases with the duration of the survey
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Table 1. Relative Frequency (%) of symptomatic behaviors in Alzheimer’s disease reported
in the literature since 1985

n Delu-  Halluci- Misiden- Agita- Dura-  Severity of

sions nations tifica-  tion tion dementia®
tions

Cohen-Mansfield, 1986 66° - - - 73 - BCRS =59
Robin et al. 1987¢ 44 - - 25-67 32 - CDR = 0.5-1.0
Cummings et al. 1987 30 47 34 - - - MMSE = 1.46 (1.9)
Reisberg et al. 1987 57 12 24 48 - - GDS =4
Rubin et al. 1988 110 31 25 23 - - -
Teri et al. 1988 127 24 21 - 24 - MMSE = 17
Merriam et al. 1988 175 24 28 49 61 4.5 BIMCT = 18.6
Teri et al. 1990° 106 22 25 - 21 39 MMSE = 18.2 (6.7)
Burns et al. 1990 178 16 23 23 - 5.2 -
Mendez et al. 1990 217 30 25 17 - 33 MMSE = 17.2 (6.5)
+ Cooper et al. 1990 677 26 17 - - - MMSE = 13.6 (8.3)
Rosen & Zubenko 1991¢  32°¢ 34 31 - - 5.3 MMSE = 13.7
Deutsch et al. 1991 181 44 24 30 - - MMSE =11.9 (6.7)
Jeste et al. 1992¢ 107 35 17 - - 4.3 -

mean 29 22 31 42

s.d. 10.3 7.2 12.7 23.4

number of studies 12 12 7 5

number of patients 2027 2027 962 518

# Abbreviations: BCRS, Brief Cognitive Rating Scale; CDR, Clinical Dementia Rating; MMSE, Mini-
Mental State Examinations, BIMCT, Blessed Information Memory Concentration Test

° Nursing home

¢ Tongitudinal study

d direct patient interview

¢ Autopsy confirmed

period (Drevets and Rubins, 1989; Rosen and Zubenko, 1991; Chen et al.,
1991).

Inter-correlations between various types of symptomatic behaviors may indi-
cate the likelihood of common underlying pathogenetic mechanisms. Delusions
and hallucinations frequently coexist in the same patients (Cooper et al., 1991;
for review, see Wragg and Jeste, 1989) and can occur independently (Burns et
al., 1990; Rosen and Zubenko, 1991). Some associations have been reported
between psychosis and agitation (Cooper et al., 1991) or aggression (Lopez et
al., 1991; Deutsch et al., 1991). In our own studies, significant correlations
have been found between delusions and hallucinations, but neither psychotic
symptom correlated with agitation (Chui et al., submitted). Taken together,
these data suggest that similar pathogenetic mechanisms may give rise to
delusions and hallucinations, whereas a distinct pathologic substrate may lead
to agitation.

Given the high frequency of symptomatic behaviors in AD, it is reasonable
to question whether they represent a distinct subgroup of disease or a manifes-
tation of a certain stage of illness. To some extent, the development of these
symptoms is stage-related, with cumulative rates increasing throughout the
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mild, moderate and severe stages of dementia (Chen et al., 1991; Rosen and
Zubenko, 1991). In far advanced stages, however, psychotic symptoms often
resolve. Possible reasons include progressive loss of the brain substrate neces-
sary to sustain these symptoms, the inability of patients to express ongoing
symptoms, or the inability to clinically detect these symptoms (Cummings et
al., 1987; Rosen and Zubenko, 1991).

Despite the increasing rate of symptoms, the relationship between sympto-
matic behaviors and duration or severity of illness is not a strong one. In one
study, duration of illness was not significantly related to the development of
hallucinations or misidentifications (Burns et al., 1990). Inconsistent relation-
ships have been reported between symptom frequency and severity of demen-
tia. For psychosis, no significant associations (Teri et al., 1988), a negative
trend (Cummings et al., 1987), positive correlations (Swearer et al., 1988,;
Cooper et al., 1991; Rosen and Zubenko, 1991), or mixed associations (Mer-
riam et al., 1988; Burns et al., 1990a, b) have been reported. For motor
symptoms, wandering and agitation, but not restlessness have been correlated
with cognitive decline (Teri et al., 1988). Only weak correlations between
troublesome and disruptive behaviors and severity of dementia have been
noted in another report (Swearer et al., 1988). Finally, in two longitudinal
studies approximately half of the AD patients developed psychotic symptoms
sometime during their disease course while half did not (Chen et al., 1991,
Rosen and Zubenko, 1991). Thus, while the appearance of symptomatic behav-
iors is partially related to stage of illness, other biological factors probably
contribute to the likelihood of their occurrence.

Biological basis for Symptomatic Behaviors

Little is known about the anatomical and biochemical bases for symptomatic
behaviors in AD. Several neurobehavioral models, however, have been pro-
posed to explain the pathogenesis of delusions (Cummings, 1985) and hyper-
activity (Victoroff, 1989). Lesions of the limbic system or its interconnections
have been postulated to give rise to abnormal emotional experiences (Cum-
mings et al., 1987). Interactions between these altered experiences and avail-
able intellect might lead to delusional thinking. When the cerebral hemi-
spheres are intact, complex delusions may be elaborated. On the other hand,
when the cerebral hemispheres are damaged, as in AD, simple delusions
result.

An anatomical circuit by which the limbic system may modulate the level of
motor activity has also been proposed (Victoroff, 1989). The major structures
involved in this circuit include the hippocampus, nucleus accumbens, basal
forebrain, and the mesencephalic locomotor region. Two of these structures,
namely the hippocampus and basal forebrain, are highly vulnerable to develop-
ing AD pathology. Litte has been written about the anatomical basis for
hallucinations or misidentifications, although one might speculate about the
role of pathologic lesions in sensory association areas.
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To date, no characteristic anatomical pattern of atrophy has been noted in
neuroimaging studies of patients with symptomatic behaviors. Using univariate
analyses, Jacoby an and Levy, 1980) reported an inverse correlation between
paranoid delusions and a cortical atrophy index score, but this finding could not
be confirmed in subsequent studies (Burns et al., 1990a). Quantitative-correla-
tive studies of limbic, paralimbic and frontal-temporal association areas have
yet to be done.

Jeste et al. (1992) found that, despite equivalent age, education and duration
of illness, AD patients with delusions were significantly more impaired on
neuropsychological testing, particularly in the areas of conceptualization and
memory. For a subset of mildly demented patients, those with delusions tended
to be more impaired on the Wisconsin Card Sort and the similarities subtest of
the Wechsler Adult Intelligence Scale, two tests purportedly sensitive to pre-
frontal lobe deficits. These investigators have suggested that the development
of delusional symptoms results from pathology in the frontal-temporal regions
of the brain. Recently, abnormalities in these brain regions have been reported
in patients with functional psychoses such as schizophrenia (Suddath et al.,
1989).

Neuropathologic studies have also suggested that certain areas within the
temporal and frontal lobes may be differentialy involved in AD. Zubenko et al.
(1991) found that patients with psychosis had significantly more senile plaques
in prosubiculum and neurofibrillary tangles in mid-frontal cortex than patients
without psychosis, although there was considerable overlap. These authors also
reported that psychotic patients had lower levels of 5-hydroxytryptamine in the
prosubiculum, whereas non-psychotic patients had lower concentrations of
norepinephrine in the substantia nigra. Thus, not only anatomical, but also
specific biochemical abnormalities may predispose to the development of psy-
chosis.

The binding site for *H-imipramine is associated with serotonin uptake; its
localization in the brain parallels the distribution of serotonergic innervation
(Langer et al., 1981). Decreases in brain *H-imipramine binding density have
been demonstrated in post-mortem AD specimens from caudate, hypothala-
mus (Carlsson et al., 1980) and temporal lobes (Bowen et al., 1983). Since
platelet *H-imipramine binding shares many characteristics of the brain binding
site, it has been examined as a potential peripheral marker for various neuro-
psychiatric disorders (Mellerup and Langer, 1990).

We have reported significantly lower By,.x values for platelet *H-imipra-
mine binding density in a subset of AD patients with symptomatic behaviors
(agitation or delusions) compared either to AD subjects without these behav-
iors or to normal controls (Schneider et al., 1988). Other investigators have
not found any differences in platelet *H-imipramine binding in AD patients
compared to normal controls (Suranyi-Cadotte et al., 1985; Galzin et al.,
1989), however, AD patients with delusions were not selected for compari-
son. The finding of differences in platelet *H-imipramine binding in a subset
of AD patients warrants replication; it could suggest a contributory role for
serotonergic or other biogenic amines systems in the genesis of symptomatic
behaviors.
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Table 2. Symptomatic behaviors and rate of progression in AD.comparison of dementia
severity at follow-up

First Sample Follow-up Method Independent variable ~ Dependent
Author (n) Interval (non-sign predictor) variable®
(total F/U in yr)

Drevets 1989 67 Fixed Student’s t psychosis CDR

(5.5) DS, DSC, SPMSQ
Burns 1990 178 Fixed Student’s t hallucinations MMSE

(1.0) (delusions) CAMCOG

(misidentifications)

Teri 1990 106 Variable 2-stage agitation MMSE

(0.92) random effect  alcohol

regression neurological disease

(9 other behavior and
4 other health problems

Lopez 1991 34 Fixed ANOVA psychosis MMSE
(1.0) Neuropsychiatric
test
Rosen 1991 32 Variable Student’s t psychosis MMSE
(0 ko 5)

2 Abbreviations: MMSE, Mini-Mental State Examination; CDR, Clinical Dementia Rating; DS,
Blessed Dementia Scale; DSC, Blessed Dementia Scale-Cognitive, SPMSQ, Short Portable
Mental Status Questionnaire; CAMCOG, CAMDEX cognitive assessment

Association between Symptomatic Behaviors and Rate of dementia
Progression

Several investigators have examined the association between symptomatic be-

haviors and the rate of dementia progression in AD. Although there are

exceptions (Teri et al., 1990), in general, two study designs have been employed:

1. patients are matched for severity of dementia at study entry and are fol-
lowed at regular intervals; t-tests or ANOVA are used to compare dementia
severity at each fixed follow-up interval (Table 2);

2. patients who present with varying severity of dementia at initial evaluation
and who are followed at various time intervals are assessed using survival
analyses (Table 3).

The Kaplan-Meier model compares survival curves for univariate categorical
predictors (e.g., psychotic vs non-psychotic), while the Cox proportional
hazards model allows comparison of the relative prognostic power of multivar-
iate factors (e.g., age at onset, psychosis, extrapyramidal, etc.).

Comparison of dementia severity at follow-up

Drevets and Rubins (1989) followed mildly demented subjects with early psy-
chotic symptoms (n = 10) versus without early psychosis (n = 15) at regular
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Table 3. Symptomatic behaviors and rate of progression in AD. survival analyses®

First Sample Follow-up Method Significant Predictor Endpoint
Author (n) Interval (non-sign predictor)
(total F/U in yr)

Stern1987 65 Variable Kaplan Meier  psychosis® mMMSE score < 20

(2.8 = 1.6) EPS® BDRS > 15
Drachman 42 Variable Kaplan-Meier 7 severity factors total dependence ADL
1990 (4.5 £ 2.1) Cox (10 other factors, incontinence

including psychosis, institutionalization
age, education,
family history)

Chui 1992 113 Variable Cox

2.5 = 1.8)

total sample (n = 113) Initial MMSE MMSE = 10
(8 other factors)

mild dementia (n = 61) hallucinations®

moderate dementia (n = 52) extrapyramidal

total sample agitation® S-point drop in MMSE
extrapyramidal®

mild dementia agitation
hallucinations

moderate dementia delusions

2 Abbreviations: MMSE, Mini-Mental State Examination; mMMSE, modified Mini-Mental
State Examination; BDRS, Blessed Dementia Rating Scale; EPS, extrapyramidal signs;
ADL, activities of daily living

® trend suggesting shorter survival to cognitive (mMMMSE), but not functional, (BDRS)
endpoint

°p<0.07

intervals over 66 months. By 15 months, the psychotic group had deteriorated
more rapidly in cognitive function, functional ability, and clinical dementia
rating than the non-psychotic group.

In a study of 178 patients with probable or possible AD drawn an epidemio-
logic catchment area, Burns et al. (1990a) reported that the presence of halluci-
nations at initial visit was associated with greater deterioration in cognitive
function over the ensuing 12 months. Delusions and misidentifications, on the
other hand, did not predict a faster rate of decline.

Teri et al. (1990) studies 106 patients with primary degenerative dementia
who were given the Mini-Mental State Examination (MMSE) one to five times
over up to three years. A two-stage random effects’ regression model was fit to
the data and then used to assess the effects of behavioral, health and descrip-
tive measures on the rate of decline. Agitation as well as alcohol abuse and the
presence of additional neurological disease were associated with significantly
faster rates of cognitive decline.
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In another study, 17 AD patients with delusions and hallucinations were
matched for education, initial MMSE, severity and duration of illness with 17
without these symptoms and were followed for one year (Lopez et al., 1991).
At the time of entry into the study, the AD patients with psychosis showed a
specific defect in receptive language, had a higher frequency of associated
aggression and hostility, and electroencephalographic abnormalities. The pa-
tients with psychotic symptoms showed a significantly more rapid rate of de-
cline in MMSE.

Rosen and Zubenko (1991) studied 32 dementia patients with definite, histo-
pathologically confirmed AD. Over a follow-up period of zero to five years,
psychosis emerged in 15 (47% ) and major depressive episode in seven patients
(22%). The occurrence of psychosis at any time during the natural history was
associated with more rapid cognitive decline on the MMSE (one-tailed t test),
but not with increased mortality. The mean initial MMSE was also lower for
the psychotic group (13.7 * 8.3) than for the non-psychotic group
(17.0 = 8.5), but this was apparently not significant.

In summary, five independent studies since 1989 have reported significantly
greater severity of dementia at follow-up for those patients with symptomatic
behaviors at the time of initial evalulation. The focus in four of these studies
was upon psychotic symptoms; in one study using multivariate regression analy-
ses, agitation rather than psychosis was the significant predictor (Teri et al.,
1990).

Survival analyses

Two survival analyses with different results have been reported in the literature
(Stern et al., 1987; Drachmann et al., 1990), a third study (Chui et al.,
submitted) is also described here (Table 3). Stern et al. (1987) followed 65
patients with probable AD at various intervals for up to 7.1 years (mean
2.8 = 1.6). All patients were seen at least twice, with a minimum follow-up
interval of six months. The Kaplan-Meier product limit technique was used to
describe the probability that patients in certain subgroups would reach an
endpoint as a function of duration of illness. The presence or absence of
psychiatric symptoms (persistent hallucinations, illusions, or delusions) or
extrapyramidal signs at the initial clinic visit was used to define patient sub-
groups. Scores on a cognitive (modified MMSE) and a functional (Blessed
Activities of Daily Living) rating scale served as endpoint. A trend was found
showing that either psychosis or extrapyramidal disorder was associated with a
higher probability of reaching the cognitive, but not functional, endpoint.

In a “negative” study (Drachman et al., 1990), 42 patients with probable AD
were followed longitudinally over a mean period of 4.5 years (s.d. = 2.1). Both
Kaplan-Meier and Cox proportional hazards (p < 0.01) analyses were used to
assess the power of several variables to predict survival to three fixed functional
endpoints (total dependence in activites of daily living, incontinence, or institu-
tionalization). During the follow-up period, from 74 to 80% of the patients had
reached each one of the endpoints. Measures of initial dementia severity (e.g.,
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clinical dementia rating, performance on subtests of the WAIS-R or WMS)
were significant predictors of decreased survival to endpoint. The presence of
extrapyramidal signs or psychotic symptoms at initial visit was not. These
investigators concluded that “how far’” rather than “how fast” best predicts the
clinical course of AD.

Our own data (Chui et al., submitted) corroborate the association between
symptomatic behaviors and faster rate of dementia progression. Rate of pro-
gression was analysed using a Cox proportional hazards models in 113 patients
who met all three of the following inclusion criteria:

1. diagnosis of either definite (n = 9) or probably AD (n = 104; McKhann et
al., 1984);

2. initial MMSE = 15; and

3. at least one follow-up MMSE performed at least one month after the initial
evaluation.

The total sample was divided into two subgroups with either mild (MMSE from
20 to 28) or moderate (MMSE from 15 to 19) dementia. Nine predictor
variables included: initial MMSE scores, gender, education, age at symptom
onset, family history of dementia, presence of hallucinations, delusions, agita-
tion, and presence of extrapyramidal signs while not on neuroleptics. Two
cognitive endpoints were defined:

1. arrival at a fixed MMSE score of 10 and

2. decline in MMSE score of 5 points.

Forty percent of the 113 patients reached the fixed endpoint of MMSE = 10
over a median follow-up period of 75 weeks (range = 8-293 weeks). In this
model, the only significant predictor of reaching endpoint was the initial
MMSE (i.e., patients with higher initial MMSE had a smaller likelihood of
reaching endpoint). These findings replicate those of Drachman et al., 1990),
who reported that “how far” rather than “how fast”” was the best predictor of
outcome. When the sample was divided into mild and moderate dementia
subgroups, however, hallucinations (risk-hazard ratio = 4.1) and extrapyrami-
dal signs (risk-hazard ratio = 11.2) were associated with a faster rate of
progression. Reduced variability in initial MMSE within the two subgroups
may have permitted the detection of significant risk factors.

When an individual’s endpoint was taken as a 5-point decline in MMSE score
from baseline, inter-individual differences in initial severity of dementia were
effectively normalized. Sixty-eight percent of the 113 patients reached this
endpoint over a median follow-up period of 48 weeks (ranging from 6 to 254
weeks). Within two subgroups of patients with mild and moderate dementia,
several variables proved to be statistically significant (p < 0.05) predictors of
decreased “survival,” i.e., faster rate of progression. In the mildly demented
group, these variables were agitation and hallucinations (risk/hazard ratios
were 4.6 and 5.1, respectively). In the moderately demented group, delusions
at initial entry predicted decreased survival (risk/hazard ratio, 3.4. Within the
entire dementia group, multivariate results showed a statistical trend (p < 0.10)
suggesting that several non-cognitive symptoms such as extrapyramidal signs
and agitation were significant predictors of deterioration.
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In conclusion, when initial severity of MMSE is “controlled,” either by
dividing the sample into subgroups or by defining the endpoint as a 5-point
decline in MMSE, several symptomatic behaviors (delusions, hallucinations,
agitation) as well as extrapyramidal signs predict a faster rate of cognitive
decline. At the present time, the independence of these predictors can be
questioned; significant correlations were found between hallucinations and
delusions, and delusions and extrapyramidal signs, although not between agita-
tion and the other factors. The biological explanation for these associations
between behavior and cognition is not known. While it is possible that the
presence of psychosis increases confusion, patients are usually not floridly
psychotic during testing (Jeste et al., 1992). Since the majority of patients with
symptomatic behaviors are treated empirically with psychotropic medications,
drug side-effects may adversely affect cognition (Devanand et al., 1989). Final-
ly, the very distribution of pathologic lesions and neurochemical changes that
may predispose to psychosis may also hasten the rate of cognitive decline.
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Heterogeneous Disappearance of Knowledge
in Alzheimer’s Disease

J. Grafman

Summary

The heterogeneity of Alzheimer’s disease (AD) can be utilized by neurobeha-
vioral researchers interested in making a contribution to our understanding of
the functional architecture concerned with knowledge representation. I will
illustrate two aspects of knowledge disappearance in AD by describing two
patients: one with a progressive loss of number processing and calculation
ability and a second patient with a relatively selective loss of body schema
knowledge. These two cases, in conjunction with a larger body of knowledge
regarding the ability of AD patients to retrieve various types, and aspects, of
learned knowledge, argue for the functional heterogeneity of AD.

Introduction

The progressive cognitive deficits that are the hallmark of Alzheimer’s disease
(AD) are tragic. Not only does the patient become less able to remember day-
to-day events, but eventually even old learned knowledge becomes inaccessible
for conscious deliberation, understanding, and expression. At this stage of the
disease, patients may not recognize their spouse of forty years or their children.
It was once thought that the progression of neuropsychological deficits in AD
was relatively orderly, with mild memory deficits leading to more severe ones,
followed by a cascading loss of word finding, gnosic, and praxis skills, with
language recognition and gestural communication the last cognitive abilities to
be affected (McKhann et al., 1984). In turn, the pathologic process in AD was
also seen to be orderly and focused in the hippocampus and posterior associa-
tion cortex (Van Hoesen and Damasio, 1987).

However, over the last ten years, a more complicated picture of the AD
patient has emerged that shows frequent neuropsychologic and pathologic
deviation from the classical progression. In these studies, selective deficits can
be found (Martin, 1987; Martin et al., 1986; Schwartz, 1990). Moreover, these
deficits are persistent and, in some cases, may remain selective until the death
of the patient (Schwartz and Chawluk, 1990). For example, Martin et al. (1986)
found at least three separate subgroups of AD patients in their study. One
group was generally impaired, another group had predominantly verbal defi-
cits, and the last group demonstrated primarily visual-construction deficits.
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Heterogeneity of Alzheimer’s Disease
© Springer-Verlag Berlin Heidelberg 1992
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Interestingly, on follow-up, Martin et al. found that the profile of deterioration
was group-dependent. That is, the verbal deficit group continued to decline
predominantly in the verbal sphere, the visual-construction deficit group in the
visual sphere, and the generalized deficit group declined across-the-board.

Haxby (1990) studied AD patients using positron emission tomography
(PET) scans. PET studies have routinely identified asymmetric hypometabolic
flow patterns. Haxby was able to show that the left-right and anterior-posterior
distributions in such asymmetric patterns were correlated with performance on
specific neuropsychological tests. For example, he found that performance on a
test of attention correlated most with anterior hypometabolism, and perform-
ance on verbal tests correlated most with left hemisphere hypometabolism.
These findings, while expected, strongly argue that the neuropsychological
profile in AD is a direct result of distinct regional patterns of pathology (Celsis
et al., 1987).

Neuropathological investigations have sometimes revealed that a subgroup
of suspected AD patients with such selective cognitive deficits had focal, but
non-AD, pathology (Kobayashi et al., 1990). However, other subgroups of
patients with neuropathologically confirmed AD also demonstrated selective
deficits that either persisted to the late stages of the disease or, for a limited
period, revealed dissociations in cognitive performance that heretofore were
unsuspected to exist so clearly in patients with AD (Poeck and Luzzatti, 1988;
Pogacar and Williams, 1984). For example, Morrison and colleagues (Hof et
al., 1989; Morrison et al., 1991) have examined neuropathological data in AD
patients who presented with Balint’s syndrome. The analysis yielded a strong
correlation between the distribution of plaques and neurofibrillary tangles in
specific visual pathways and the presence of the visual deficits that characterize
Balint’s syndrome. Thus, it is likely that regional hypometabolic changes seen
on PET scanning are representative of the underlying regional distribution of
plaques and tangles.

In evaluating (and studying) the AD patient with selective cognitive deficits,
there are at least two important assumptions that need explicit discussion. One
assumption is that the elegant path of tissue destruction in AD can isolate and
reveal specific information processing components (Armstrong et al., 1992;
Arriagada et al., 1992). The second assumption is that the progressively de-
structive nature of AD will systematically disassemble the cognitive architec-
ture of the information processing component (Grafman et al., 1991).

For example, stored knowledge networks are usually viewed as relational
(Nebes, 1989). That is, the “nodes” (i.e., the particular unit of information,
such as a word) in such a network (i.e., the information processing component,
such as a lexicon) are believed to be interconnected on the basis of some
relational metric (Chertkow and Bub, 1990). In the case of a lexical network,
the relational metric might be similarity in meaning, frequency of use, or
category membership. Perhaps all three properties would be instantiated within
a single network using three vectors.

In any case, how might damage caused by AD to that cortical network affect
information accessibility? If the cortical network were spatially structured
based on provinces of knowledge, then categorical deficits might be common
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(e.g., inability to recognize animal names but intact ability to recognize the
names of tools). If the network structure contained “distributed” knowledge,
then damage to a part of the network might reduce the likelihood of retrieving
the least frequently used an most “weakly” stored item within the network, as
its retrieval required more “evidence”, i.e., greater activation of nodes (a
greater sum of activated neurons) within the network. AD is uniquely able to
unpeel the essential architecture of these representational networks by virtue of
its slow but progressive course of damage to localized cortical regions.

A third assumption is that cognitive components topographically map onto
cortical regions. As AD renders a regional network (or set of related networks)
progressively more dysfunctional, then it follows that the progressive but con-
sistent loss of accessibility to “kinds” of information should reveal the structure
by which that information was stored.

Individual differences are very important in cognitive neuropsychological
research and, given that AD pathophysiology may be more heterogeneous than
previously suspected, the within-subject longitudinal study in AD seems superi-
or to the cross-sectional design for the purposes of studyging a breakdown in
knowledge representation. The study of patients with progressive aphasia
would be particularly suited to this design (Chawluk et al., 1986; Weintraub et
al., 1990); see Mesulam and Weintraub, this volume).

Another advantage heterogeneity offers the neuropsychological investigator
is that the componential analysis of impaired information processing, pre-
viously neglected in AD research, is quite possible. That is, the selectivity of
the pathophysiology in AD, particularly at the cortical level, can result in
component-specific deficits. For example, it should be possible to identify
component-specific recognition deficits (e.g., semantic versus object form agno-
sia) in AD patients (Martin, 1990; Saffran et al., 1990).

AD is a progressive disease which severely affects almost all cognitive func-
tions by the time its course has run. Yet the subgroups of AD patients who
display distinctive profiles of neuropsychological deficits are of sufficient size
that they can be studies for their own sake (Jorm, 1985). The advantage of
studying those subgroups that appear unusual is that the specificity and pro-
gression of the associated cognitive deficit(s) may uniquely reveal the succes-
sive layers of representation of a particular knowledge domain. Thus, the
realization of heterogeneity in AD makes a particular subgroup of patients
amenable to the kinds of studies that are crucial to understanding the distinc-
tions in, and the structure of, knowledge representation.

Yet the heterogeneity assumption at the level of cognition implies that the
best level of analysis may be at the level of the single-case. The argument here
is that no two AD cases will have identical neuropathological topography and
therefore identical cognitive deficits. Furthermore, individual differences in
cortical folding and other normal morphological heterogeneity make every
patient with a neurological disorder a potential subgroup of his/her own. We
have recently published two case studies of AD patients whose selective deficits
reinforce the claim that heterogeneity in AD, even at the case level, is advanta-
geous for neuropsychological investigation.
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Case Study I

Patient G. C. came to our attention after he reported he was having difficulty
calculating. This retired U.S. Army General had been the president of an
engineering firm when he began to experience difficulty in tabulating data,
balancing his checkbook, and remembering telephone numbers. He was
referred to our research group following a clinical evaluation which determined
that he had probable AD. We were able to study G. C. in some detail over the
subsequent two years. A detailed description of this case is available eleswhere
(Grafman et al., 1989). Given that dyscalculia was his initial and outstanding
cognitive deficit, we decided that a comprehensive examination and error
analysis of G. C.’s number processing and calculation skills might reveal novel
information about the cognitive architecture of the number and calculation
procedure lexicons, as well as verify aspects of the componential cognitive
models that have recently been developed to account for the varieties of
dyscalculia.

We examined G.C. with both standardized and experimental tests of
number processing and calculation. He was required to make judgments
about magnitude, numeration, fractions, measurement, money, and time. He
had to solve word problems and standard addition, subtraction, multiplica-
tion, and division problems. Other tasks required him to transcode between
arabic numerals and number-words. He also had to read numbers alound,
remember number sets, understand the meaning of procedural signs
(e.g., +), and detect solution errors in completed problems (among other
tasks).

Our longitudinal findings suggested that G.C. was experiencing an orderly
dissolution of calculation and number processing ability with different dissocia-
tions apparent at different stages of decline. His number reading and writing
errors (of number syntax) were qualitatively different from the errors (lexical)
he made in calculation. Numerosity judgment and magnitude comparisons
were intact even when G.C.’s other arithmetic knowledge and calculation
abilities were grossly impaired. G. C.’s decline was first noted on more complex
problems (e.g., multiplication) and only at later stages on simpler problems
(e.g., addition). He was aware that aspects of his number processing and
calculation performance were impaired, but he was unable to articulate why he
was failing.

Many of these findings were of theoretical interest. His inability to multiply
and divide (he consistently failed on both production and recognition tasks) in
light of intact retrieval of addition and subtraction procedures indicated that
such procedures were stored categorically. G. C.’s lexical errors were predomi-
nant on calculation tasks, whereas his reading and writing performance resulted
in mostly syntactic errors. Thus, procedural (i.e., syntactic) rules remained
relatively preserved for addition and substraction. The patient’s decline in
performance over time eventually affected his ability to substract. Gradually,
only a few numbers were still recognized by G.C., whether in arabic or
number-word forms. Even his ability to perform addition problems deterior-
ated so that he could only add single-digit (i.e., high frequency) numbers after
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two years (although no particular single-digit numbers were spared; e.g., the
digits 0—4).

These data, collected from an AD patient, helped in articulating a cognitive
model of number and calculation procedure representation. They suggested
that numbers and computational facts are stored in a lexical-like network. The
all-or-none loss of calculation procedures indicated that procedures are princi-
pally stored categorically. More importantly for this chapter, a patient with AD
had a consistent decline in a relatively specific domain that led to several new
hypotheses regarding the representation of knowledge within that domain.
Although this patient was globally demented by our last evaluation, the relative
selectivity of his deficit in the early stages of his disease, in conjunction with the
effect his progressive decline had on the structure of domain-specific informa-
tion, allowed him to contribute significantly to current cognitive neuropsycho-
logical knowledge. Of course, many other examples now exist that show the
usefulness of longitudinally studying patients whose disorder has a progressive
course. However, AD patients who remain cognitively stable even for a few
months, but have selective deficits, can also help contribute to knowledge
about basic brain-behavior relationships.

Case Study II

Autotopagnosia is an inability to locate body parts on verbal command. It does
not appear as an isolated disorder; rather it is usually one of a cluster of deficits
that can include aphasia, apraxia, neglect, and motor control disorders. There
have been two divergent views of the cause of autotopagnosia. One view
suggests that autotopagnosia reflects an impaired spatial representation of the
body schema. The other view claims that autotopagnosia reflects a more basic
deficit in analyzing part-whole relationships. We recently identified a case that
appeared to demonstrate a relatively selective body schema deficit. This pa-
tients, with probable AD, elegantly demonstrated that a body schema deficit
could be observed independently of spatial location problems.

The details of this case are available in a recent publication (Sirigu et al.,
1991). In brief, the patient was evaluated by us about three years after the
onset of her symptoms. She came to our attention because a ward nurse
noticed that she was having exceptional difficulty in getting dressed in the
morning because of an inability to match her body parts with the correct piece
or part of clothing. On a formal evaluation, the patient was impaired in
localizing body parts on herself, the examiner, or a doll to verbal command.
This deficit was most severe when she had to point to her own body. Nonverbal
instructions were also of little use. Curiously, the patient was able to name
body parts quite accurately. Most of her pointing errors were aimed at body
parts that were adjacent to the target body part. Other experiments were
performed to confirm what appeared to be a selective deficit in accessing body
schema knowledge. Perhaps the most convincing experiment we conducted
involved the placing of objects on the examiner’s body and on the body of the
patient. Incredibly, the patient was able to accurately point to object targets on
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herself or the examiner that were pinned to body parts that earlier, or later, in
the same session she was unable to point to accurately. Unfortunately, the
patient was unable to learn to use the object to mediate her pointing to the
body part even though she was able to accurately remember the location of the
objects on her body for several days after the experiments were completed.

The results of this case study motivated us to develop a componential model
of body “knowledge” that specified our patient’s deficit at the level of visual-
spatial/structural representations of the body, whereas her semantic representa-
tions of the body and its parts were intact, as was her three-dimensional body-
reference system, given her accurate object pointing.

These two carefully selected probable AD patients made significant contribu-
tions to models of number processing/calculation and body knowledge repre-
sentation because of the uniqueness of their cognitive deficits. This uniqueness
reflects the heterogeneity of AD at the single-case level.

Discussion

The evidence from both case and group studies demonstrates that AD
expresses itself heterogeneously on both a cognitive and pathophysiological
level (Bondareff et al., 1987; Van Hoesen and Hyman, 1990). Furthermore,
this clinical phenomena is of sufficient frequency that its study will benefit the
construction of models of various cognitive components and their representa-
tional architecture. Moreover, it appears that this neuropsychological hetero-
geneity neatly maps onto the underlying pathophysiologic process at the corti-
cal level (Hof et al., 1989).

This heterogeneity in AD demands a broad-based clinical neuropsychologi-
cal approach to identify appropriate subgroups and candidates for detailed
research studies. It also is a clear argument for the use of AD patients in single-
case and subgroup studies designed to formulate more precise brain-behavior
relationships. It remains unclear whether pharmacologic and other intervention
trials should utilize distinct subgroups of AD patients to maximize the liklihood
of observing changes in a few cognitive domains. Although it is clear that most
drug trials target changes on so-called episodic or declarative memory measures
that reflect the most common disorder in AD, trials tailored towards remediat-
ing an outstanding, but selective, deficit such as a progressive visuospatial
disorder should be considered (Saffran et al., 1990; Cronin-Golomb et al.,
1991a, b).

What is not yet clear is whether this neurophysological and pathophysiologi-
cal heterogeneity reflects distinct underlying biological causes or is merely the
multivariate expression of a single underlying disease process. There are, of
course, other diseases besides AD that lead to a progressive dementia, includ-
ing frontal and Pick’s dementias (and perhaps some or all cases of progressive
aphasia) which may only be distinguishable at autopsy.

For the AD patient, this heterogeneity of neuropsychological deficit, in
combination with the progressive nature of the deficit, leads to the disappear-
ance of conceptually driven knowledge, such as the meaning of a word. Data-
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driven knowledge, such as the ability to simply read a word, appears relatively
preserved, even during the later stages of AD. This loss of semantic or concep-
tually driven knowledge is progressive but slow. The patient may be aware of
his or her disappearing knowledge store to some degree but cannot easily
compensate for its loss. The argument that there is a disappearance of knowl-
edge as opposed to an access problem is based upon numerous studies of
impaired semantic knowledge in AD patients, as well as the fact that the AD
pathophysiological process destroys the integrity of those cortical networks
which presumably subserve the “lost” knowledge (Hyman et al., 1990).

This pathophysiological process reduces the number of functioning cells
within a regional cortical networks as well as degrading the inter-regional
communication and binding process. AD is a progressive disease and an ever-
increasing number of cells become dysfunctional over time. To interpret the
impact of this kind of pathological process on cognition, it is necessary to
assume a certain kind of representational architecture for cognitive processes,
although the specifics of the relational bonds within the architecture are not
absolutely relevant for this particular argument. The representational architec-
ture does need to be a distributed representational network that would have
various entries activated on the principal basis of strength and pattern of
information. In this scenerio, the fewer cells available for activation within a
regional cognitive network, the less likely that items more weakly represented
within the network (and therefore requiring a greater amount of activation
which would be dependent upon a greater participation of neurons within the
network) would be activated to a level that would produce a behavioral effect
(e.g., recognition, priming, etc.). This kind of deficit I view as a “storage”
problem, as opposed to an “access’” problem in which the information could be
sufficiently activated for some behavioral purposes (consistent implicit or occa-
sional explicit recognition) but not others, such as consistent conscious recogni-
tion. Thus, in the two cases I described above, it is likely that a disappearance
of knowledge regarding calculation procedures and numbers as well as the
body schema contributed to their deficits.

Are there other types of neuropsychological investigations that could benefit
from the heterogeneity of the cognitive disorders in these patients? Studies of
attention (Sahakian et al., 1990) and consciousness (Lopez et al., 1991) would
be two prime candidates that have been relatively neglected in the study of AD
patients. Some views of consciousness argue that it is an epiphenomenon
composed of the currently activated representational networks (both data and
conceptually driven). Therefore, if networks become inoperative due to AD,
then a systematic degradation or distortion of consciousness should occur. AD
patients would then be expected to have different kinds of “combinatorial
consciousness” depending on which representational domains were preserved
and which were lost. Attention has been viewed as being domain-specific and
also having qualities that cut across domains. AD would be an ideal disorder in
which to address these two views since it results in both generalized (e.g.,
memory) and domain-specific (e.g., aphasia) impairments.

In conclusion, the heterogeneous disappearance of knowledge in AD is a
frequent occurrence at both the group and individual case levels. This neuro-
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psychological heterogeneity expresses itself by componential dissociations with-
in the framework of an information processing model and maps onto pathophy-
siologic topography. The selectivity of the cognitive deficits in AD along with
their inalterable progression suggests that studies designed to gain a better
understanding of the cognitive architecture of the affected components can
make a valuable contribution to cognitive science. Surely the recognition of
heterogeneity in AD will increase the usefulness of AD patients as subjects in
neuropsychological studies, if not lead to a better understanding of the biologi-
cal mechanism(s) by which AD expresses itself.
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Neuropsychological Aspects of Alzheimer’s Disease:
Evidence for Inter- and Intra-Function Heterogeneity

Y. Joanette, B. Ska, A. Poissant, and R. Béland

Summary

The goal of the present chapter is to provide an overview of the question of the
heterogeneity of neuropsychological manifestations in Alzheimer’s disease
(AD). The classical views, which contend that neuropsychological manifesta-
tions in AD are homogeneous, are reported and discussed. Among other
things, these classical views are felt to be limited either by the restricted nature
of the test batteries used or by their intrinsic non-specificity. The results of
recent group studies and multiple single-case studies are taken as strongly
indicative of the presence of heterogeneity, both between distinct cognitive
functions and between a given cognitive function’s subcomponents. The condi-
tions are such that different patients can exhibit reverse patterns of cognitive
impairments at both levels, i.e, inter- and intrafunctions. The presence of this
heterogeneity cannot be solely linked with the known heterogeneity in AD
itself (e.g., distribution of the neuropathological alterations) but could also
reflect inter-individual differences in brain organization for cognition, or sus-
pected changes with age of this organization, or even the exacerbation of
heterogeneity of cognitive functioning in normal aging itself. Despite the pres-
ence of such confounding factors, it is hoped that neuropsychologically defined
subgroups of AD may overlap with other biologically defined subgroups. From
a practical point of view, the need to use a detailed and theoretically motivated
cognitive procedure in any study of AD partly or totally based upon neuropsy-
chological descriptors is stressed in order to overcome the confusion that could
be generated by the presence of such heterogeneity.

Introduction

From a clinical point of view, Alzheimer’s disease (AD) is a behavioural
condition before it is a neurobiological condition. Until it is possible to deter-
mine biological markers of the disease, AD patients will be identified on the
basis of the existence of gradual changes in personality and in cognitive func-
tioning. As the former are difficult to evaluate and not easy to quantify, the
latter has become the basis for the diagnosis of AD. Thus, neuropsychological
signs constitute the essence of the positive inclusion criteria in many diagnostic
approaches meant to provide, with a distinct level of confidence, a pre-mortem
diagnosis of putative AD (e.g., McKhann et al., 1984). At the same time, most
of the research projects done on the effects of experimental drugs are based
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upon an evaluation of changes in neuropsychological abilities to provide sup-
port for the possible efficacy of given molecules (Gauthier et al., 1991). The
cognitive functioning of AD patients is thus important not only for patient
identification; it also serves as a basis for much other research done from
biological, epidemiological, neurochemical, genetic and neuropathological per-
spectives. However, it is becoming more and more obvious that AD does not
represent a unique, homogeneous at pathological state at any of these levels. It
is, therefore, of the upmost importance to consider the fact that the neuropsy-
chological manifestations of AD in the early stages of the disease also do not
appear to be homogeneous. It is the purpose of this chapter to provide a brief
overview of the literature on this topic and to show that, in AD, the hetero-
geneity of the neuropsychological manifestations is probably greater than
expected, not only when comparing different cognitive functions but also when
considering the sub-components of a given cognitive function.

The degree to which neuropsychological manifestations of AD have been
considered homogeneous or heterogenous should be linked with the degree of
refinement used to describe these neuropsychological signs. As Martin (1990)
reminds the case described by Alzheimer (1907) himself was first perceived as a
personality change. Only later was Alzheimer struck by the fact that memory
and other cognitive functions were also deteriorating. This is not surprising
since, at the turn of the century, neuropsychology was yet to be introduced as a
field and that, consequently, the available conceptual and methodological tools
for evaluating cognitive functioning were very limited. Years later, the position
defended by the Geneva school is probably attributable to the same limitations.
Indeed, this school proposed (e.g., Richard and Constantinidis, 1970) that
neuropsychological manifestations of AD were to be regarded as a homoge-
neous impairment of language, perceptual abilities and gestural abilities, the
so-called aphaso-agnoso-apractic syndrome. Thus, it was claimed that all as-
pects of cognition had to be affected equally at a given point in the patient’s
evolution. If one cognitive function was affected at a given level, it was pre-
dicted that other cognitive functions would be affected at the same level at the
same time (Richard and Constantinids, 1970). A somewhat similar point of
view is still defended by authors using classical neuropsychometric approaches.
For example, Hom (1992) reported the presence of a single homogeneous
pattern of neuropsychological impairment in AD patients using the Halsted-
Reitan Neuropsychological Test Battery for Adults, along with complementary
procedures (Reitan and Davison, 1974). According to Hom (1992), all mea-
sures of “generalized neuropsychological functions” are affected in AD pa-
tients along with nearly all other “neuropsychological functions.”

However, it has become obvious to anyone in cognitive neuropsychology
that such a homogeneous conception of neuropsychological manifestations of
AD is untenable. The position defended by the Geneva school may reflect the
fact that the patients they examined were already at more severe stages of the
disease, thus preventing the appreciation of inter-patient differences, or with
the fact that neuropsychological descriptors used in those studies were still very
general and had not yet benefitted from the extraordinary input of cognitive
psychology that would come later. On the other hand, a neuropsychometric
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approach such as the one Hom (1992) uses is also limited by the facts that a)
the concept of “generalized neuropsychological functions” is by definition gen-
eral, thus unsurprisingly yields a deficit, whatever the task used to measure it;
and b) the different neuropsychological functions according to this approach
are defined by reference to the task proposed rather than an explicit model of
normal cognition. In fact, as we shall see in the following paragraphs, since the
early, 1970s, many case studies and group studies using specific descriptors
have provided evidence against the postulated homogeneity of neuropsycho-
logical manifestations in AD.

The birth of cognitive heterogeneity

Clinical experience clearly shows that although all AD patients tend to look the
same from a cognitive standpoint at later stages of the disease, the array of
cognitive impairments can be very different in the early and middle stages of
the disease (Schwartz, 1990). Of course, such heterogeneity cannot be appre-
ciated through the use of gross evaluation of cognitive functioning, such as the
use of brief bedside procedure of the Mini Mental State Examination type
(Folstein et al., 1975), Unfortunately, these procedures do not allow us to
adequately appreciate all the aspects of the impaired cognitive functioning in a
given patient. In fact, most of these brief procedures include only limited
aspects of cognitive functioning (gestural abilities are only rarely included).
Moreover, the sub-headings in these brief procedures are illusory most of the
time, since most of the tasks require language for understanding the required
execution, thus biasing towards linguistic abilities any measure taken.

For these reasons, many neurologists and epidemiologists have overlooked,
in the past, the presence of heterogeneity in the early and middle stages of the
disease. However, a number of better documented case reports have been a
source of inspiration for many neuropsychologists. One of the frequently cited
reports of a case of autopsy-confirmed AD with a non-classical presentation is
that of Crystal et al. (1981). This was the case of a patient whose neuropsycho-
logical impairments were biased in favor of visuo-spatial abilities. Thus, in the
presence of relatively preserved linguistic skills, this AD patient was perform-
ing particularly badly on visuospatial tasks. It was later confirmed that the
neuropathological alterations were predominant over the right hemisphere,
and therefore in accordance with the pre-mortem imbalance between the
impairments of language and visuo-spatial abilities. Similar results were
reported by other authors using regional cerebral blood flow or PET scans to
appreciate, in vivo, the relative degree of hypometabolism in each hemisphere
(Celsis et al., 1987). But the functional organization of cognition in the brain is
certainly not limited to a left-right opposition. The secular focal lesion litera-
ture has clearly demonstrated that patients with very similar but slightly differ-
ent lesions can exhibit very different cognitive impairment patterns and some-
times, in fact, reversed patterns. This can be seen either when comparing the
relative impairment of different cognitive functions (e.g., language versus
memory) or when looking at the sub-components of a given function (e.g.,
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syntactical abilities versus the processing of words). Not surprisingly, the litera-
ture has now come up with plenty of examples of different patterns of cognitive
impairments in AD. The following summarizes the results of some of the most
cited group studies.

Group studies and the case for subgroups of AD patients

Since the 1980s, a number of group studies have been reported in the literature
showing the existence of subgroups of AD patients determined on the basis of
their cognitive impairment profiles. One of these studies is that of Martin et al.
(1986). Despite the limited character of the neuropsychological protocol used,
these authors showed that a large proportion (40%) of early dementia of the
Alzheimer type (DAT) patients (McKhann et al., 1984) had a cognitive impair-
ment which did not affect all functions equally. Hence, of the 42 patients
examined, only 25 (60%) had an impairment which looked quite even across
the different cognitive functions examined. Nine DAT patients exhibited more
language impairments whereas eight other patients showed a somewhat
reversed pattern. Quite similar data were reported by Neary et al. (1986),
though based on a smaller number of patients examined. Thus, the same
proportion of AD patients (11 of 18, or 61%) showed what the Geneva school
referred to as an aphaso-apracto-agnosic syndrome, or a quite similar impair-
ment of most cognitive functions. In three patients (17% ), the memory impair-
ment was accompanied by some language and visuo-constructive deficits,
whereas in two patients (11%), visuo-constructive deficits appeared to predo-
minate. Finally, in two other patients (11%), memory deficits were largely
dominating.

A much larger group of DAT patients was looked at with similar goals by
Becker et al. (1988). These authors examned 86 patients with a DAT diagnosis,
many of them autopsy-confirmed AD. Despite the limited nature of the neu-
ropsychological protocol, the results were very similar to those reported by
Martin et al. (1986). In fact, nearly one of five DAT patients exhibited a severe
impairment of one given cognitive function. In many cases, the impairment
pattern was reversed, thus suggesting the existence of dissociatons.

The importance of these group studies is obvious. They have awakened
researchers in the field of neuropsychology to the existence of possible sub-
groups of AD patients which could correspond to etiologically distinct sub-
types of AD (Jorm, 1985). However, these studies are still gross from a
neuropsychological point of view. Indeed, most of them are based on a neuro-
psychological protocol which is made up of a very limited number of tasks,
each of them felt to be able to measure one given cognitive function. But
cognitive functions are complex by themselves and are made up of many
cognitive sub-components. Thus, not taking into account all the known cogni-
tive functions and their sub-components could resemble trying to find the
genetic characteristics of AD while using only half a dozen probe correspond-
ing to an equal number of loci on a randomly chosen gene. Thus, it is necessary
to use all the possibilities offered by modern cognitive neuropsychology to
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describe comprehensively the possible existence in AD patients of such hetero-
geneity in the relative impairment of cognitive functions, or of their sub-
components. Some preliminary data are provided below.

Inter- and intra-cognitive functions heterogeneity:
the multiple single-case approach

As pointed out by Martin (1990), the only way to ascertain the existence of
neuropsychologically determined subgroups in AD is to demonstrate the
existence of double dissociations between single subjects and to confirm that
these double dissociations are indeed representative of a given cluster of AD
patients. And the only way that double dissociations can possibly be demon-
strated is through the use of a multiple single-subject paradigm (Caramazza,
1986).

Using such an approach, Joanette and colleagues (1989 and in preparation)
presented data that suggest the existence of contrastive patterns of cognitive
impairments in a group of patients with DAT. Eleven early-stage DAT patients
were submitted to a thorough neuropsychological examination meant to evalu-
ate most of the sub-components of language, memory and gestural as well as
perceptual abilities. All in all, the protocol required more than 12 hours of
testing. Each patient’s performance on each task was compared with that of a
group of control subjects matched for age, sex and level of education. Results
showed that only a minority of DAT patients evidenced a somewhat homoge-
neous impairment of all cognitive functions. Indeed, only four patients (36%)
were more or less equally affected on all cognitive functions, despite the fact
that, at this point, performance on sub-components was not considered inde-
pendently. In four other patients (36%), the relative impairment related to
each cognitive function was somewhat unequal. However, in the remaining
three subjects, the dissociations were much more important. Among those
subjects, some had quite contrastive patterns. Thus, whereas one patient had
an impairment of language in the presence of preserved perceptual abilities,
another patient had the reverse pattern, namely impaired perceptual abilities
along with intact linguistic skills. If the results of these studies are confirmed,
then it could be maintained that only a minority of DAT patients present
themselves with a somewhat homogeneous impairment of all cognitive func-
tions. The majority of patients appear to show contrastive patterns which, in
some cases, can even result in apparent dissociations. However, only large-
scale, single-case studies coupled with cluster-seeking group studies will allow
us to see if those contrastive patterns are unique to each subject or if there are
cognitive impairment patterns that can be found among subgroups of DAT
patients.

Another level which is even less explored is the comparison between the
relative impairments of given cognitive function subcomponents. Indeed,
nearly all of the studies looking at neuropsychological heterogeneity in AD
have focused on a comparison between the relative impairment of a given set of
cognitive functions. As mentioned before, most of previous studies neuropsy-
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chological evaluations were neither well constructed nor complete enough to
allow a systematic comparison between a given cognitive functions’s sub-com-
ponents. In a recent study, Ska et al. (1990, submitted for publication) have
looked at some language sub-components in a systematic manner.

The classical theory regarding the relative impairment of language sub-
components in AD refers to a homogeneous, progressive pattern. It is still
thought that AD first affects the semantic processing of words, then the ability
to construct sentences through syntactic abilities, and finally the ability to plan
and organize the sounds of language through phonology (Cardebat et al.,
1991), However, careful analysis of each of thes three levels of abilities in a
group of early-stage DAT patients did not confirm this theory. Analyzing the
respective semantic, syntactic and phonological abilities of 12 DAT patients
compared to those of a group of normal aging patients, matched for age, sex
and level of education, Ska et al. (1990) found that only half of the subjects (7
or 58%) had performance compatible with this classical theory. Most of the
other DAT patients had contrastive patterns, according to which, for example,
syntactical and phonological abilities could be impaired in the absence of any
gross impairment of semantic abilities. This result remains to be confirmed in a
larger group of subjects, in order to seek recurrent patterns of impairments of
language sub-components that could indicate the existence of subgroups of AD
patients determined by profiles of impairments of subcomponents of language
function. It also remains to be seen if the same could hold for other cognitive
functions and their sub-components. But these preliminary results certainly
raise the question of the possible existence of subgroups of AD patients deter-
mined not only by some inter-cognitive function distinctive profile, but also by
some intra-cognitive function patterns of impairments. Such a perspective does
not simplify the quest for cognitively determined subgroups of AD patients,
but it certainly indicates the road to follow to identify such subgroups.

When such a quest is fulfilled then the real questions will emerge. Indeed,
the ultimate question will be to identify the underlying determinants for such
neuropsychologically determined subgroups in AD. And the reasons might not
be as simple as they appear to be. The following section discusses this aspect of
the question.

Neuropsychological heterogeneity:
more than a mere reflection of neuropathological heterogeneity?

Many factors, only some of them linked with the progression of the disease,
could account for the presence of neuropsychologically determined subgroups
in AD. The first of these factors is obvious to readers of this book and is linked
to the otherwise present heterogeneity of the neuropathological alterations in
the disease (see Donnet et al., 1991, as well as other contributions in this
book). It is well known that, despite some relative regularity in the distribution
of the neuropathologial alterations and their progression with the disease,
senile plaques and neurofibrillary tangles are not found at the exact same
location from one patient to another. Not only can the relative impairment of



Neuropsychological Aspects of Alzheimer’s Disease 39

each of the two hemispheres be different, but the exact location on the cortex
of these alterations can vary. If these findings are confirmed, and it subgroups
of AD patients can be identified on the basis of some neuropathological pro-
files, then these subgroups could possibly overlap with neuropsychologically
determined subgroups.

The study of focal brain damage has shown that there are some brain-
behaviour regularities. The lesion of a given portion of the cortex can be
correlated with the impairment of a given set of sub-components of one or
more cognitive functions. However, the same literature also tell us that this
regularity is, at most, loose, and that one should not expect too much from it
(Basso et al., 1985). Thus, there might be some confounding factors that could
prevent us from obtaining a nice correspondence between neuropsychologically
and neuropathologically determined subgroups of AD patients.

The first of the possible confounding factors emanates, as alluded to before,
from the focal brain lesion literature in neuropsychology. Since the advent of
modern static and dynamic brain-imaging techniques (e.g., CT and MRI scans
as well as PET scans), the classical teaching with regard to brain-cognition
relationships has been confronted with unexpected data. The first of these data
has been the extent to which a given lesion can express itself very differently in
distinct individuals. Thus, a lesion of the left supramarginalis gyrus does not
always actualize itself through a conduction aphasia. The resulting neuropsy-
chological impairments can differ quite amazingly from one patient to another.
It is known that some intrinsic (e.g., sex, personal, as well as familial handed-
ness) as well as extrinsic (eg., nature of spoken and written language, know-
ledge of second language, level of education) factors can contribute to such
differences. Be that as it may, patients who are developing AD are certainly no
more homogeneous in their pre-morbid brain’s functional organization than
patients who have been studied following focal brain damage. The result is that
even if all AD patients exhibited the exact same pattern of neuropathological
degeneration (and we have seen that this is not the case) the neuropsychologi-
cal manifestations could differ according to these intrinsic and extrinsic factors
that determine a given individuals specific brain organization for cognition.

But there is more to it. Indeed, above and beyond these differences, it is also
now suspected, at least for language, that a given individuals brain functional
organization may change with age, within adulthood (see Joanette et al., 1983,
for a review). Dynamic models proposing a constant evolution of the functional
organization of the brain have been proposed (Goldberg and Costa,, 1981;
Hanlon, 1991). These models were proposed, among other reasons, to explain
why given types of aphasia are age-associated. For instance, more than a dozen
large-scale studies have now confirmed that the mean age of Broca’s aphasics is
some 10 years less than the man age of Wernicke’s aphasics, without any
change in the topographic distribution of the responsible brain lesions. If that
piece of knowledge is correct, then the effects of a degenerative condition such
as AD might be different according to the age of the patient at onset. Along
with the inter-individual differences noted earlier, this finding could seriously
endangered the search for some overlap between neuropsychologically and
neuropathologically determined subgroups of AD.
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Finally, another confounding factor could be normal aging itself. Indeed, all
of the studies looking at the possible existence of neuropsychologically deter-
mined subgroups of AD patients have been testing patients in the early stages
of the disease. This is normal since, with time, cognitive functioning is so
affected in AD that any test batteries usually yield floor-effect performance.
But the fact that most of the evidence comes from a point in time when the
patient’s performance is not immensely different from those of normal-aged
controls raises the question of the influence of normal aging on the resulting
data. One possible confounding factor is the homogeneous or heterogeneous
nature of normal aging itself. This question has received surpringly little atten-
tion in the past. In a study done a few years ago, Valdois et al. (1990) clearly
showed that normal aging is far from homogeneous from a neuropsychological
point of view. Using a comprehensive neuropsychological battery with some 70
medically confirmed normal subjects, these authors showed that normal-aged
subjects can be distinguished in at least two aspects. The first one is a perform-
ance factor, which simply means that some subjects are globally better than
others. But the second factor was a qualitative one. Particularly among those
subjects who performed least well — despite the fact that they were still largely
within the limit of normality — the existence of contrastive patterns of cognitive
abilities could be demonstrated. In other words, even before AD strikes into a
population of normal-aged subjects, a non-trivial proportion of these have
distinct cognitive patterns that, in some cases, can be the reverse of their
neighbour’s cognitive patterns. One possibility is that this condition could be
exacerbated with the advent of an incoming AD process and could, again,
contribute to the existence of distinctive patterns of cognitive impairments.
This contribution, if it is confirmed, could represent another undesired, but
definitely present, confounding factor.

Conclusion

The existence of heterogeneity in the neuropsychologial manifestations of AD
is beyond doubt. In fact, a contrary finding would have been surprising, given
the complexity of the disease itself and the even greater complexity of the
brain-behavior relationship. It is now well known that this heterogeneity is to
be found both between different cognitive functions and within the sub-compo-
nents of a given cognitive function. The extent to which this heterogeneity can
be demonstrated is frequently linked with the degree to which the neuropsy-
chological descriptors are sufficiently precise and theoretically motivated. In
most non-neuropsychological studies (e.g., neuropathological, epidemiological,
genetic. clinical trials), the neuropsychological procedures used are, at most,
gross and do not allow us, to adequately appreciate the cognitive functioning of
the patients. Despite the fact that this heterogeneity is definitely present in
AD, it is not clear that all of it should be attributed to AD itself. It has been
argued that part of this heterogeneity may correspond to the expression of
inter-individual differences in brain organization for cognition under the influ-
ence of intrinsic and extrinsic factors, along with the influence of age. More-
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over, whatever the precise organization of a given individual, it has also been
stressed that there are inter-individual differences in the cognitive abilities of
normal-aged subjects than can be such that contrastive patterns of functioning
can be found, even within the limits of normality. The latter could thus be
amplified by the unfortunate influence of AD in the early stages of the disease.

Despite all this, it is to be hoped that well constructed studies will be able to
disentangle all these factors and to combine the neuropsychologically based
information regarding heterogeneity in AD with that issuing from other
approaches to the disease, namely epidemiological, neurochemical, genetic and
neuropathological. Only to the extent that the level of sophistication is equiva-
lent in all of those approaches will there be some chance that the veil still
covering this disease might be someday raised.
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Primary Progressive Aphasia:
Sharpening the Focus on a Clinical Syndrome

M.-M. Mesulam and S. Weintraub

“Dementia” is a generic term that refers to all conditions which cause the
gradual dissolution of cognition, comportment and daily living activities. Not
all mental functions are equally affected in individual patients, especially dur-
ing the first several years of the disease process. The relative degrees of sparing
and involvement across specific domains such as attention, memory, language,
and comportment lead to the establishment of neuropsychological profiles in
dementing diseases.

The single most common neuropsychological profile in adult-onset dementia
is characterized by a progressive amnesia. Included in this category are patients
who display the insidious appearance and progressive exacerbation of primary
memory deficits within the first two years of clinically identifiable onset. Defi-
cits in other domains may coexist and may even be more salient at certain
stages of the disease. When caused by degenerative brain diseases (that is when
stroke, hydrocephalus, tumor, metabolic factors, etc., are eliminated as etiolo-
gies), this neuropsychological profile is identical to the McKhann et al. (1984)
criteria for probable Alzheimer’s disease (PRAD). In a sample of the first
39 consecutive cases from the Beth Israel-Massachusetts Alzheimer’s Disease
Research Center (BI-ADRC) that came to autopsy or brain biopsy with a
clinical diagnosis of dementia, this profile occurred 21 times and was associated
with the multifocal neurofibrillary tangles and neuritic plaques of Alzheimer’s
disease (AD) in 20 cases (Price et al., in preparation). Experience from other
centers yields a concordance of 68-100% between the clinical syndrome of
PRAD and the pathological diagnosis of AD (Morris et al., 1988; Risse et al.,
1990). Other and less frequent pathological conditions associated with PRAD
include nonspecific degenerations, Pick’s disease and Lewy body encephalitis
(Risse et al., 1990).

Additional neuropsychological profiles associated with dementia include
those of progressive compormental dysfunction and progressive visuospatial
disturbances. In six consecutive autopsies of patients with progressive comport-
mental dysfunction seen in the BIH-ADRC Clinic, the neuropathological ex-
amination revealed neuronal loss, gliosis and atrophy predominantly of the
frontal lobes. The profile of progressive visuospatial disturbance is associated
with a more heterogeneous set of pathophysiological correlates that includes
AD, Jakob-Creutzfeldt disease, and probably also nonspecific gliosis and neu-
ronal loss with an emphasis on the parieto-temporo-occipital regions of the
brain (see Weintraub and Mesulam, 1993, for review).

F. Bolier et al. (Eds.)
Heterogeneity of Alzheimer’s Disease
© Springer-Verlag Berlin Heidelberg 1992
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Table 1. Clinical definitions

PRAD?

PPA®

progressive worsening of memory and other
cognitive functions

deficits in two ore more areas of cognition

no disturbance of consciousness

presence of “dementia” syndrome

absence of systemic disorders or other brain
disease that in and of themselves could ac-
count for the progressive deficits in memory

progressive worsening of language (not just
speech)

absence of deficits in other domains during
the first 2 years or longer

no disturbance of consciousness

no additional signs of a more generalized
“dementia”® syndrome

absence of systemic disorders or other brain
disease that in and of themselves could ac-
count for the progressive deficits in language

and other cognitive functions

# Abbreviations: PRAD, probable Alzheimer’s disease, according to the McKhann et al. —
NINCDS (1984) criteria; PPA, primary progressive aphasia.

® Depending on the definition that one chooses to use, the presence of the progressive
aphasic disturbance itself would lead to the classification of these patients as having a
dementing syndrome.

This chapter deals with a fourth neuropsychological profile, one that we have
identified as primary progressive aphasia (PPA). According to our current
definition (Table 1), this diagnosis is made when a gradual dissolution of
language (not just speech) is the only salient finding for at least two years and
when this deficit becomes the only factor that compromises daily living activi-
ties. Attention, memory, visuospatial skills and comportment must be relative-
ly intact during the first two years of the disease. Other deficits of relatively
lesser intensity are acceptable if they occur on tasks mediated by the left
hemisphere language network (such as word fluency, verbal retrieval, digit
span, calculations, ideometor apraxia), if they are secondary to the language
defect (due to an inability to process the linguistic or execute the praxis
components of the task) and if they are reactive (such as depression and
frustration caused by an awareness of the deficits). After the initial two years,
deficits in other domains may emerge but the aphasia remains as the most
salient feature.

The diagnosis of PPA should not be applied to patients who also develop
memory or comportmental disturbances during the first two years of an other-
wise progressive aphasia. Neuropsychological testing helps to differentiate PPA
from PRAD since a disturbance of memory rules out PPA while it is a neces-
sary criterion for the diagnosis of PRAD (Table 1).

Clinical and Neurodiagnostic Features of Patients with Primary
Progressive Aphasia — A Review of the Literature

The existence of slowly progressive language deficits in the context of degener-
ative disease has been appreciated for nearly 100 years. The reports of Pick
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(1892, 1904), Dejerine and Sérieux (1897), Franceschi (1908) and Rosenfeld
(1909) provide examples of such patients. Among these cases, Dejerine and
Sérieux’s (1897) patient and Rosenfeld’s (1909) first patient fit our definition of
PPA. Dejerine and Sérieux described a patient who developed a state of pure
word deafness at the age of 47. Gradual worsening of the language deficit
occurred in the absence of other signs of dementia. Within five years, the
patient’s deficit advanced to a state of Wernicke’s aphasia. She died eight years
after the emergence of the first symptoms. Autopsy revealed massive bitem-
poral atrophy with a loss of intracortical fibers and pyramidal cells. The first
patient in Rosenfeld’s 1909 report (as reviewed by Luzzatti and Poeck, 1991)
sought medical advice at the age of 62 with a history of progressive word
finding difficulties. Other aspects of cognition and comportment remained
relatively intact but some memory disturbances might have been detected at a
time when he was examined three years after onset. At autopsy, atrophy and
neuronal loss, especially marked in the left temporal lobe, were reported.
There is insufficient clinical information to decide if Patient 2 in Pick’s 1904
report fits the definition of PPA but the patient reported by Pick in 1892,
patients 1 and 3 in his 1904 paper, and the patient reported by Franceschi in
1908 clearly displayed additional and major abnormalities of memory and/or
comportment at the very initial stages of gradually progressive aphasic distur-
bances.

One of the earliest contributions to the modern literature on progressive
aphasia was Wechsler’s 1977 report of a 60-year-old man with a progressive
decline of language function who turned out to have Pick’s disease at autopsy
(Weschler et al., 1982).As indicated in the 1977 paper, the patient had consid-
erable comportmental disturbances in the early phases of the disease. One year
after putative onset, the patient started to shy away from people and became
irritable and suspicious. He would catch flies, proceed to pull off their wings
and set them afire with matches. Presumably such behavior was not consistent
with the patient’s previous personality. In view of the early emergence of
comportmental disturbances, Wechsler’s patient does not fit our current defini-
tion of PPA and shares many features with the patients of Pick and Franchesi,
where progressive language deficits were associated early in the course of the
disease with other comportmental and cognitive difficulties.

In 1982, we described six patients with PPA (Mesulam, 1982). Table 2 lists
63 cases reported during the 10-year period from 1982 to 1992 that fulfill the
diagnostic criteria for PPA. Omitted from this list were patients who had
deficits other than aphasia in the first two years (such as those in reports by
Kobayashi et al., 1990; and Snowden et al., 1989) as well as reports that did not
contain enough information to ascertain that the criteria in Table 1 had been
fulfilled. In some of the papers reviewed, only some of the patients were
included while others were excluded. Some patients have been reported in
more than one publication but were entered only once in Table 2. None of the
three patients who developed a progressive aphasia in association with Jakob-
Creutzfeldt disease was included since the course was too rapid, leading to
death within two years after onset (Shuttleworth et al., 1985; Yamanouchi et
al., 1986; Mandell et al., 1989).
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The cases listed in Table 2 demonstrate that the syndrome of PPA can
emerge among speakers of Dutch, English, French, German, Italian, Japanese
and Portugese. Patient 4 in our 1982 report was a native speaker of Urdu and
we have correspondence indicating that PPA has been noted in speakers of
Hebrew and Turkish. If one eliminates as an outlier patient 4 of our 1982
series, who developed progressive pure world deafness at the age of 17, the age
of onset ranges from 40-75 with a mean of 60 + 8 years. The age of onset was
below 65 years in 46 patients and at 65 or above in 17 patients. The list in Table
2 contains 40 male and 23 female patients with a diagnosis of PPA.

Determining the type of language disturbance from published records
offered a major challenge. In keeping with a common classification system, we
designated the aphasias as fluent or nonfluent. Nonfluent aphasias are charac-
terized by agrammatic spontaneous utterances with a reduced phrase length
(under four words) and include Broca’s aphasia and transcortical motor apha-
sia. The fluent aphasias include the anomic, conduction, Wernicke and trans-
cortical sensory subtypes (Benson and Geschwind, 1985). If the clinical report
of a given patient with PPA described a nonfluent aphasia and also deficits in
language comprehension, we defined that patient as having a mixed (global)
aphasia. Patients with speech disturbance (i.e., dysarthria) but without defini-
tive proof for additional language difficulties were not included in Table 2. In
some patients on whom we had reported in 1982, speech was fluent, in the
sense that phrase length was greater than four words and output was syntacti-
cally complete, but there were also lengthy word finding pauses, so that the
overall rate of language production was decreased. We identified these patients
as diplaying a “logopenic” fluent aphasia to emphasize the preservation of
grammar and phrase length. These patients are indicated in Table 2 with the
designation of fluent(-). According to these criteria, Table 2 contains 31 pa-
tients with fluent aphasias, 28 with nonfluent aphasias, and 5 patients with a
mixed aphasia.

Time of onset was also difficult to pinpoint and, in most reports, was based
on unstructured interviews with the patient or family members. The time of
onset for additional deficits in other domains of cognition and comportment
was inferred by historical information and neuropsychological test results.
Based on this type of information, we estimated the interval during which the
patients with PPA had a “pure” aphasia without other significant cognitive or
comportmental deficits (except for dyscalculia, apraxia and reactive dystymia).
Table 2 shows that the mean duration of this interval was 5.2 + 2.8 years and
that there were six patients who displayed a relatively isolated progressive
aphasia for 10 years or longer. It is important to realize that these numbers
underestimate the duration of the isolated aphasia, since additional cognitive or
comportmental deficits had not yet emerged at the time of the last examination
of some patients and since some of the observed non-verbal deficits might have
been secondary to the processing difficulties imposed by the severe aphasia.

Focal neurological signs, such as right-sided weakness, right facial flattening,
right-sided hyperreflexia, right body posturing, right upper extremity tremor or
a right-sided Babinski sign, were reported in 11 (17%) of the patients. Asym-
metrical neurodiagnostic abnormalities over the left fronto-perisylvian region
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were reported in 41 (65%) of the patients. The most frequent findings were
computerized tomographic (CT) or magnetic resonance (MR) scans, with
asymmetrically widened sylvian fissures and frontal horns on the left, and
electroencephalograms (EEG), demonstrating asymmetrical slowing on the left
and reduced oxygen or glucose metabolisms and blood flow as determined by
positron emission tomography (PET) or single photon emission computerized
tomography (SPECT) in the left frontal-perisylvian regions. In some patients,
the reduced metabolic activity determined by PET was confined to the left
hemisphere, whereas in others there were also lesser abnormalities in the right
hemisphere (Chawluck et al., 1986; Tyrell et al., 1990). The focality of the
atrophy and the associated lucencies seen on CT scans occasionally raised the
possibility of strokes. However, angiography or noninvasive diagnostic evalua-
tion of the cerebral vasculature was invariably negative, patients rarely had risk
factors for stroke and CT and MR scans in several reports provided evidence
for a progressive atrophy over time.

A Clinical and Neuropsychological Picture of Patients with Primary
Progressive Aphasia — Our Experience

On initial clinical encounter, the patient with PPA looks much more like a
patient with focal stroke than one with dementia. The patient tends to be alert,
attentive, cooperative, concerned with the predicament, aware of the deficit
and remarkably adept at communicating despite the aphasia, by writing when
nearly mute or by pantomime and gesture when necessary.

The patient is almost always the first to detect the presence of the language
problem in the form of increased effort (or slowing) during word-finding and
decreased efficiency in coming up with the most appropriate of several equally
acceptable but perhaps not equally effective words. For several years, the
patient may be the only one to notice the difficulty. One of our patients, who
later became mute in the context of PPA, was sent to a psychiatrist in the early
years of her condition to investigate the possibility of hypochondriasis.

Except for rare cases in which the difficulty may emerge in the form of word
deafness (i.e., the patient of Dejerine and Sérieux and also patient 4 in our
1982 report), initial objective evidence for the language difficulty is almost
always demonstrated on tests of naming. The naming deficit usually leads to
long word-finding pauses that give spontaneous speech a logopenic quality. The
naming difficulty characteristically leads to phonemic rather than semantic
paraphasias (Weintraub et al., 1990). The earliest difficulties may be detected
in the naming of geometric forms and body parts at the same time that other
classes of objects are named correctly. In the initial stages, the patients is
usually able to point to the correct object when the word is provided by the
examiner despite being unable to name it spontaneously. This “one-way”
naming deficit indicates the preservation of word “recognition” at a time when
there is an impairment of word “retrieval”’.

Some patients remain at this stage of an anomic aphasia whereas others
progress to develop more severe fluent or nonfluent aphasias. In the most
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advanced cases, mixed (global) aphasias can emerge. Writing and reading can
show an relative sparing and the patient may bring a writing pad in an attempt
to communicate with the examiner. The patients with the anomic and non-
fluent aphasias are the easiest to diagnose as having PPA since the preserved
comprehension enables them to give the clearest indication of intact perform-
ance in other domains. However, patients with nonfluent aphasias may also
have severe ideomotor apraxia and may consequently say or signal “no”” when
they mean “yes,” making conventional testing difficult to interpret. One pa-
tient would push the accelerator pedal when she meant to use the left foot for
the clutch and had to stop driving because of the apraxia rather than because of
other cognitive limitations.

In patients with the nonfluent aphasias (i.e., Broca’s aphasia or transcortical
motor aphasia), phrase length is diminished, naming is poor, there is almost
always dysarthria and the output (spoken or written) tends to be terse but
effective in communicating intent. Repetition is decreased in Broca’s aphasia
but is preserved in transcortical motor aphasia. Writing is never completely
spared but can be better than spoken language, so that a patient may be able to
write the name of an object that he is unable to utter. In some patients who
may have extremely labored and dysarthric spontaneous speech output, singing
may improve speech intelligibility. The patients with the nonfluent aphasias
also demonstrate a characteristic agrammatism. Their spoken and written lan-
guage tends to show a paucity of grammatical relational words and morphologi-
cal markers. While these patients may have excellent comprehension for most
conversation, they start to show difficulties with syntactically difficult construc-
tions such as those that include passive voice and embedded clauses. When
asked to repeat, they have a greater difficulty with small grammatical words
(prepositions, pronouns, etc.) than with semantically rich substantives. This
discrepancy is also apparent when reading. For example, a patient may be
much faster at detecting the written form of the word “hippopotamus” than the
word “it” in a list of 10 words. Buccofacial apraxia is common, especially for
pharyngeal movements, constructions may show minor difficulties and calcula-
tions are impaired. These additional difficulties are also seen in patients who
develop nonfluent aphasias on the basis of focal strokes in parts of the left
hemisphere language network.

Patients with the Wernicke and transcortical sensory subtypes of fluent
aphasias are the most difficult to assess because of the associated comprehen-
sion difficulties.

Transcortical sensory aphasia is differentiated from Wernicke’s aphasia by
the preservation of repetition. The comprehension impairment in some of these
patients is at the level of sentences whereas in others it is at the level of single
words. For example, they can neither retrieve the appropriate word for an
object they are shown nor match the word with the appropriate object even at a
time when they can accurately describe its use. This conditions is defined as a
“two-way’’ naming deficit.

When comprehension is impaired, the patient may not understand verbal
instructions, so that attention, memory and visuospatial skills may be difficult
to assess. Some of the patients with the fluent aphasias may also show agitation
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and lack of concern, but it is important to remember that such comportmental
disturbances are also seen in patients who develop Wernicke’s aphasia in the
context of focal strokes.

The assessment of cognitive and comportmental domains in patients with
comprehension deficits is a challenging task that requires considerable improv-
isation. For example, one patient with a fluent PPA was intitially thought to be
disoriented because he could not come up with accurate answers related to
temporal orientation and topographic location. When given a calendar, how-
ever, the patient quickly pointed to the correct date and when provided with a
map he was able to point to his location even though he was being examined in
a city far from his home.

The most critical factor in the differentiation of PPA from PRAD is the
integrity of memory function. Some patients with PPA perform well in conven-
tional tests of memory such as the Weschler Memory Scale, the Rey-Osterrieth
Complex Figure, the Rey Auditory Verbal Learning List, and the Three Words
Three Shapes Test (Weintraub et al., 1990). In other patients, however, there
may be abnormalities in verbally mediated memory tasks. If scores of non-
verbal memory tests are normal and if the daily living activities do not give
evidence for abnormal forgetting, we assume that memory function is relatively
spared and that the abnormal test scores reflect difficulties that are secondary
to the aphasia.

In evaluating areas other than memory, we find the Visual Span subtest of
the WMS-R helpful for assessing attention, the Facial Recognition and Judg-
ment of Line Orientation tests for assessing visuospatial abilities, and the
Visual-Verbal Test or the Raven Progressive Matrices for assessing executive
functions and conceptual abilities (Weintraub and Mesulam, 1985). Through-
out the assessment, however, the clinician must be prepared to use intuition
and inference and to improvise. Giving an aphasic patient a standard test
battery (almost always based on verbal instructions if not on verbal responses)
and then scoring it in standard form may lead to the erroneous conclusion that
the patient has a more widespread (global) dementia.

The extent to which daily living activites can be preserved is the most
characteristic feature of PPA. Many patients continue to drive, keep house,
handle finances, and perform remarkably well and with exemplary creativity in
tasks that can be done without intact language abilities. One patient helped his
son build a log cabin while almost mute and could only explain his achievement
by bringing a picture to the clinic and demonstrating the activities related to the
construction with pantomime. Another patient extended her knowledge of
organic gardening and would use gestures and diagrams to instruct us in the
appropriate deployment of nasturtium and marigolds in fending off pests in the
organic vegetable patch. One patient who is now mute after four years of PPA
carries on with her hobby of solving master-level jigsaw puzzles which adorn
her bedroom walls. Two patients learned rudimentary sign language at a time
when they were severely aphasic. These anecdotal examples provide clues to
the maintenance of non-verbal cognitive skills, motivation and jugdment.

There comes a time, however, when the patient loses all ability to communi-
cate. At that time, it is virtually impossible to make any assessment of mental
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function except by interpreting gestures, facial expression and demeanor. One
patient who is at that state after nine years of PPA continues to attend church
and other social functions and to take care of her daily needs, including
shopping and paying bills.

A Case Description
(taken from Weintraub et al., 1990, case # 43 on Table 2)

At the age of 56 years, a right-handed banking executive began to experience
word-finding difficulty that gradually progressed over the next two years and
interfered with his work responsibilities. His wife reported that he was occa-
sionally tearful over his condition but otherwise had no personality changes.
Neurologic consultation was sought two years after onset. The computed tomo-
graphic scan was normal, as was the electroencephalogram.

The initial elementary neurologic examination did not reveal abnormalities.
He was well-dressed, alert, fully oriented, and insightful about his situation.
Auditory comprehension was intact. Spontaneous speech was distinctly abnor-
mal with nonfluent output, mild dysarthria, and frequent, predominantly phon-
emic, paraphasias. Grammatical form was impoverished and limited to simple
declaratives and stereotypic utterances. Repetition and oral reading was
impaired. Confrontation naming contained frequent phonemic paraphasias.
Reading comprehension was only mildly compromised. Spontaneous writing
paralleled speech, but sentences to dictation were written relatively well.
Apraxia was not present. Performance on virtually all tests of reasoning,
memory, and visuospatial skills was within the normal range. He was on
medical leave of absence from work because of his communication difficulties,
but activities of daily living were otherwise unaffected.

Examination a year later showed relatively little objective change. Because
of his communication difficulties, however, the patient had been forced to
retire but continued to manage the finances of his family and those of a close
friend. Moreover, he expanded his interest in gardening, successfully cultivat-
ing species not indigenous to his region.

In the last examination, speech was severely nonfluent, agrammatic,
dysarthric, and paraphasic. At times it was unintelligible, but the patient was
often able to communicate his needs with rudimentary writing. His oral
descriptions of the Cookie Theft picture on initial examination (two years after
onset) and the four years later (six years after onset) are shown in Figure 1.
Writing both spontaneously and to dictation declined in parallel to spontaneous
speech. Deterioration was also noted in repetition, praxis, and confrontation
naming. Comprehension was impaired only for complex grammatical construc-
tions. Reading comprehension was mildly impaired.

Memory, reasoning, and visuospatial test scores were relatively stable over
time and, by the final examination, some test scores were higher than they had
been in the initial examination (Fig. 2). Results from an elementary neurologic
examination remained unchanged, with the exception of bilateral dystonic
posturing of the upper limbs on complex gait. Insight, judgment, and comport-
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Fig. 1. Oral descriptions of the
Cookie Theft picture from the
Boston Diagnostic Aphasia Exa-
mination taken two and six years
after onset. The deterioration is
obvious.

ment were maintained, and he continued to offer sound financial advice to his
family and friends. He made use of a communication notebook to enhance
participation in conversations.

Nature of the Pathological Lesion

Of the 63 cases listed in Table 2, tissue information has been obtained on only
13, one by biopsy and 12 by autopsy. In four of these patients, a diagnosis of
Alzheimer’s disease (AD) was reached. In one of these four AD cases, the
distribution of plaques and tangles was somewhat unusual, since neurofibrillary
tangles were distinctly rare in the nucleus basalis and in neocortical areas
(Benson and Zaias, 1991). Furthermore, another patient who is included in
Table 2 with a pathological diagnosis of AD, the patient of Pogacar and
Williams (1984), appears to have displayed considerable deficits in domains
other than language, probably within the initial two years, and therefore consti-
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Fig. 2. Percent of change in test scores during a four year interval, from two to six years after
onset. 3W3S, Three Words-Three Shapes Test; Hooper VOT, Hooper Visual Organization
Test; Raven’s Matrices, Raven’s Progressive Matrices; Shipley, Shipley-Hartford Institute of
Living Scale; and Visual/Verbal, Visual-Verbal Test. Refer to Weintraub et al., 1990 for raw
scores.

tutes a borderline example of PPA. In two patients, Pick bodies were identified
and a diagnosis of Pick’s disease was established (Holland et al., 1985; Graff-
Radford et al., 1990). In the remaining seven cases, nonspecific neuronal loss
with gliosis and some spongioform changes were reported. In one of these
cases, the additional observation of neuronal achromasia was made (Lippa et
al., 1991). In virtually all of the cases that came to autopsy, the fronto-
perisylvian regions of the left hemisphere were the most affected. In one case
where biochemical analyses were undertaken, cortical somatostatin was
decreased but cortical choline acetyltransferase was not (Mehler et al., 1987).
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The neuropathological experience in the group of patients with PPA is very
limited and a considerably different picture may emerge as additional cases
come to autopsy.

Primary Progressive Aphasia Compared to Clinically Diagnosed
Probable Alzheimer’s Disease and Pathologically Proven
Alzheimer’s Disease

PPA and PRAD represent two non-overlapping clinical syndromes. In Table 3,
three groups of patients are compared: the 63 patients in Table 2 make up the
PPA group, the first 63 consecutive cases of PRAD in the BI-ADRC core
sample of 300 patients make up the PRAD group, and 20 consecutive patients
with the pathological diagnosis of AD, where both the clinical and pathological
examinations were done in our clinic, make up the AD group.

In the PPA group, disease onset was below the age of 65 (presenile) in 73%
of the patients and at the age of 65 or older in 27% . This ratio was reversed for
PRAD, where onset below the age of 65 occurred in 32% of the patients and
at, or above, the age of 65 in 68%. In the AD group, the age of onset (70% at
or above 65 and 30% below the age of 65) was essentially identical to that of
PRAD. Of the 63 patients with PPA, 64% were male and 36% female. This
ratio was also reversed in the PRAD group, where 21% of the patients were
male and 79% were female. In the AD group, 35% of the patients were male
and 65% were female, a ratio that was very similar to that of PRAD but very
different from that of PPA. To eliminate the possibility that the gender diffe-
rence was secondary to the difference in age of onset, we also looked at the
subset of PRAD cases with onset under the age 65. In that subset of 20 cases,
70% of the patients were female and 30% male, a distribution that remained
distinctly different from that seen in the PPA sample. The prevalence of
females in PRAD has been described in numerous epidemiological studies
(Fratiglioni et al., 1991; Bachman et al., 1992). Since the total sample of PPA
is relatively small, however, it is conceivable that there will be changes in the
profile of gender and age of onset as additional patients are added to the list in
Table 2.

Progressive aphasic disturbances are very common in PRAD and in patho-
logically confirmed cases of AD. In the BIH-ADRC Clinical Core sample of 20
consecutive cases of AD, 17 had a disturbance of language at initial examina-
tion (Price et al., in preparation). In PRAD, the incidence of language difficul-
ties varies from 36% to 100% depending on disease severity (Faber-Langen-
doen et al., 1988). In both PRAD and AD, the associated language
disturbances are almost exclusively of the fluent type, and nonfluent aphasia
such as Broca’s aphasia or transcortical motor aphasia have not been observed
(Appel et al., 1982; Price et al., in preparation). In patients with PPA, however
44% of the aphasias were nonfluent (Broca or transcortical motor) and even
some of the aphasias that we classified as fluent were distinguished by a
logopenic output.
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Table 3. Comparisons of primary progressive aphasia, probable Alzheimer’s Disease and
Alheimer’s Disease

PPA? PRAD® ADS

Onset = 65 27% 68% 70%
Onset < 65 73% 32% 30%
Male 64% 21% 35%
Female 36% 79% 65%
Fluent 48%4 100%° 100%1
Non-fluent 44% 0 0

AD pathology 31%% 68-100%" 100%
Non-AD pathology 69% 32-0% 0%

# The numbers are based on the sample of 63 cases listed in Table 1.

® The numbers for age of onset and gender are based on a sample of the first consecutive 63
cases of PRAD entered into our clinical data base.

¢ The numbers are based on a sample of 20 consecutive cases of autopsy confirmed AD cases
from our clinic.

9 Logopenic aphasias are included in the fluent group. The four patients with mixed (global)
aphasias were not included in any of the two groups.

¢ This information is based on the report of Appell et al. (1982). Not all PRAD patients had
aphasic disturbances. However, those that did had only fluent aphasia subtypes.

 Seventeen of the 20 AD cases had language deficits at initial examination. Only fluent
aphasias were encountered. None of the patients developed a non-fluent aphasia (Broca or
transcortical Motor) at any point in the course of the disease.

& The total sample consists of the 13 cases from Table 2 for which there is tissue information.

b This range is derived from the reports of Morris et al. (1988) and Risse et al. (1980). In our
sample 20 of 21 patients (95%) with clinically defined PRAD who came to autopsy had
AD.

These considerations suggest that PPA and PRAD are not only phenomeno-
logically different but that they also represent two different (though perhaps
partially overlapping) pools of susceptibilities, both with respect to individuals
at risk and regions of the brain that are selectively affected. It also appears that
the characteristics of the PRAD group are nearly indistinguishable from those
of pathologically confirmed patients with AD, whereas the charactistics of the
PPA group are distinctly different from those of the AD group.
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In the BI-ADRC sample of 39 consecutive autopsy cases of dementia, 21
patients had the clinical profile of PRAD and 20 of these, or 95%, were
associated with the pathological features of AD. In contrast, at most 31% of
the PPA patients for whom there is pathological information have an underly-
ing neuropathological process consistent with AD. It should be noted that
three of the four PPA patients with AD pathology had a fluent aphasia. If only
the PPA patients with nonfluent aphasias are considered (n = 28), only one of
seven cases with neuropathological examination (14% ) had the findings of AD.
These figures show that PPA has more than twice the likelihood of being
associated with non-AD pathology than does PRAD (69% versus a maximum
of 32%). It also appears that a progressive, nonfluent aphasia is, by itself, a
very strong predictor of non-AD pathology.

Is Primary Progressive Aphasia a Disease,
a Subtype of Alzheimer’s Disease, a Precursor to Dementia?
How Heterogeneous is it?

Is PPA a disease? The literature on PPA contains several themes that have
fueled considerable discussion. In our initial report of 1982, and on several
occasions since then, we stated that PPA is likely to represent a “syndrome”
rather than a “disease” (Mesulam, 1982, 1987; Weintraub et al., 1990). A
disease, such as AD, is based on at least one dimension of pathophysiological
uniformity at the neuropathological or etiological level. A syndrome, on the
other hand, is uniform only at the semiological level and may be associated
with one of several diseases that collectively constitute the list of its differential
diagnoses.

Both PPA and PRAD are syndromes but with substantially different implica-
tions for underlying pathophysiology. In PRAD, the incidence of multifocal
plaques and tangles is very high — nearly 95-100% according to some authors —
whereas in PPA this probability is approximately 30% and becomes even lower
if one takes into account only those patients with a nonfluent aphasia.

PPA is neuropathologically heterogeneous in the sense that it can be asso-
ciated with several entities including focal cortical degeneration, cortical achro-
masia, Pick’s disease and Alzheimer’s disease. PRAD is also a heterogeneous
syndrome in the sense that it can be associated not only with pathologically
proven Alzheimer’s disease but also with Pick’s disease, nonspecific degenera-
tion and Lewy body encephalitis. However, the probability of finding each of
these neuropathological entities varies when PPA is compared to PRAD

(Fig. 3).

Is PPA heterogeneous? The syndrome of PPA is clinically heterogeneous as
well: some patients can have a fluent aphasia while others have a nonfluent
aphasia, and some can show and extremely indolent clinical progression while
others deteriorate more rapidly. A far greater degree of heterogeneity is intro-
duced if the definition of PPA indicated in Table 1 is not followed, particularly
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Fig. 3. The relationship between clinical and pathologic planes. Autopsy-verified cases have
shown that the clinical diagnosis of probable Alzheimer’s disease (PRAD) is associated most
frequently with the multifocal plaque-tangle clusters diagnostic of Alzheimer’s disease (AD)
and less often with Pick’s disease (Pick’s) and cortical Lewy bodies (LBD). Primary progres-
sive aphasia (PPA), in comparison, is associated most frequently with nonspecific focal
atrophy and less often with Pick’s disease and Alzheimer’s disease.

if PPA becomes equated with all cases of progressive aphasia, including those
that have early comportmental and memory deficits. This less restrictive defini-
tion encompasses many more patients, many of whom would qualify for the
diagnosis of PRAD.

Is PPA a subtype of AD? There are some patients in whom the clinical picture
of PPA has been associated with the pathological picture of AD. This probably
represents an extremely small proportion of all AD cases, undoubtedly less
than 1 in a 100. PPA could therefore join a list that now includes cortical
blindness, Balint’s syndrome, hemiparesis and right parietal lobe syndrome as
one of several rare and idiosyncratic manifestations of AD-like pathology (see,
for example, Jagust et al., 1990). It is quite likely that the incidence of AD
pathology in PPA will tend to be inflated since some patients will come to
autopsy many years after disease onset, in the advanced senium, when the
probability of finding neuritic plaques and neurofibrillary tangles is very high
even in instances when they may not have been causally related to the emer-
gence of the PPA.

Is PPA a precursor to dementia? Whether PPA is a precursor to dementia is
very much dependent on one’s definition of dementia. According to the criteria
outlined here, PPA could be conceptualized as a dementia confined for at least
two years to the domain of language function. The anatomical substrate of
language takes the form of a widely distributed network focused around the left
perisylvian regions of the human brain (Mesulam, 1990). Individual compo-
nents of this network also participate in other cognitive domains. It is therefore
unlikely that a progressive degenerative disease, even one that is initially
confined to the language network, could indefinitely leave other cognitive
faculties unscathed. What is truly remarkable is that some patients with PPA



62 M.-M. Mesulam and S. Weintraub

experience a relatively isolated language deficit for more than 10 years. This
clinical selectivity and the associated anatomical selectivity of the disease for
the fronto-perisylvian structures of the left hemisphere reveal a pattern that is
very different from that of PRAD, where the selectivity is focused on memory
function and the limbic system.

Speculations on the Selective Vulnerability in PPA

Patients with PPA show that a “degenerative’ process can selectively (though
not necessarily exclusively) target an individual cognitive domain and its corre-
sponding neural network. At least in some patients, the process in PPA may
conceivably represent one subset of a larger family of “focal degenerations”
which afflict the brain in a regional fashion. When such focal atrophy affects
the frontal lobes, the resulting syndrome is identified as progressive comport-
mental dysfunction. In some patients, the focus of selective involvement is the
limbic system and gives rise to a syndrome indistinguishable from PRAD.
When the focal atrophy tends to emphasize the left fronto-perisylvian regions,
the emergent syndrome is identified as PPA.

The factors that determine the distribution of the selective vulnerability are
poorly understood. One of our patients, a retired businessman, had an abscess
removed from the temporoparietal region of the left hemisphere when he was
11 years old. Recovery was complete with no residual language deficit. At the
age of 70 he experienced the onset of a gradually progressive language deficit.
When we examined him six years later, he had a logopenic fluent aphasia but a
preservation of function in other domains, a pattern that was consistent with
the diagnosis of PPA.

In the course of examining additional patients with suspected PPA, we were
also struck by the number of patients reporting a history of early reading or
spelling difficulties. We therefore undertook a preliminary study based on nine
patients with a clinical diagnosis of PPA and compared them to two control
groups, one consisting of 10 patients with a diagnosis of PRAD and a third
consisting of 11 nondementing, age-matched control subjects. In a structured
interview with subjects and family members, information was obtained about
the incidence of developmental learning disabilities in the subjects themselves
and in first degree relatives.

Our results show that four of the nine patients with PPA reported an early
history of reading and spelling difficulty and two reported difficulty with arith-
metic. In contrast, none of the subjects in the other two groups reported early
learning difficulties. With respect to relatives, Table 4 shows that a higher
incidence of specific learning problems was reported by families of patients
with PPA than by families of the other two groups. In one case, there was a
family history of dyslexia in several generations. In another, all four siblings
reported significant difficulties with writing and spelling and several nieces and
nephews were diagnosed as having a learning disability. It is interesting to note
that the incidence of PPA is distinctly higher in males, who are also more
susceptible to dyslexia and allied learning disabilities.
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Table 4. Learning disabilities in probands and first degree relatives®

Learning disability Learning disability Probands +

present absent relatives
PPA (n =9) 18 56 9 + 65
PRAD (n = 10) 3 88 10 + 81
CONTROL (n = 11) 2 88 11+79

2 Chi sq