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Preface

Research on dementing illnesses is in the midst of an agitated period. During the past
50 years, it has progressively matured from a primarily social service problem to the
clinicopathological definition of a wide spectrum of diseases, evaluation of measures
of cognition, analysis of brain microstructure, and, more recently, visualization of the
pathological substrates such as b-amyloid and tau protein in vivo. Despite these
impressive developments in diagnostic tools, biomarkers, and imaging modalities, we
still ignore the etiology of the more frequent clinical syndromes leading to the irre-
versible loss of cognitive functions, namely Alzheimer’s disease, Lewy body disease,
vascular and frontotemporal dementia. Recent epidemiological work highlights the
complex relationships among these entities by demonstrating the high frequency of
mixed conditions in very old people and indicating that they may share common risk
factors. Moreover, the old and still unresolved question of the limits between normal
and pathological aging is to date complicated not only by the description of several
transitional forms of mild cognitive impairment characterized by the predominance
of brain compensation phenomena that allow for preserving cognitive performances
and social adaptation despite an often substantial biological compromise but also by
poor response to currently available substitution treatments. Paralleling the difficulty
to formulate clear pathogenetic hypotheses, an accelerated pace of compounds enter-
ing clinical trials are now available mainly for Alzheimer’s disease. Most agents still
target clinical end points associated with mild to moderate forms of the disease rather
than focus on modulation of the underlying pathologies. Although there are obvious
practical but also ethical reasons for this, meaningful progress in other areas of med-
icine such as cardiology and oncology has targeted and monitored improvement or
abatement of pathology as the primary end point as a successful disease-modifying
strategy.

In this rather uncertain context, new evidences from basic and clinical sciences
should be available in a simple and comprehensive form for general practitioners and
mental health professionals. In fact, the pivotal role of clinicians assuming the day-to-
day hard work with demented patients and their families may be reinforced by a bet-



ter integration of current knowledge in the field of dementia pathogenesis, diagnostic
procedures and therapeutic possibilities. Avoiding an overspecialized approach, this
book aims to provide such an updated view of the disorders likely to be encountered
in a daily practice and reviews the major issues presented by each clinical entity in
terms of disease pathophysiology, overlap of conditions, diagnosis, therapeutic possi-
bilities and recommendations about patient management issues. To facilitate reading
for a nonspecialist, each section is focused on a major form of dementia and is orga-
nized following the same scheme reviewing the pathophysiology of the disease, its
diagnostic challenges, its characteristic neuroimaging features, and therapeutic inter-
ventions. We also hope that this book will reach an additional goal, that of bridging
the gap between clinical practice, advanced imaging, recent therapeutics, and basic
sciences in order to be an excellent guide for mental health professionals working in
the field of dementia.

Panteleimon Giannakopoulos
Patrick R. Hof

X Preface



Alzheimer’s Disease

Giannakopoulos P, Hof PR (eds): Dementia in Clinical Practice.
Front Neurol Neurosci. Basel, Karger, 2009, vol 24, pp 1-11

Clinical Investigations in Primary Care

Leonardo Cruz de Souza - Marie Sarazin - Celine Goetz -
Bruno Dubois

Research and Resource Memory Centre, INSERM UMR S-610, Université Pierre et Marie Curie - Paris 06,
Pitié-Salpétriére Hospital, Paris, France

Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that represents the most com-
mon form of dementia. The most prominent feature of AD is the decline in cognitive function, with
an early impairment of episodic memory. The memory deficit of an AD patient is characterized by
the amnestic syndrome of the medial temporal type. As the disease progresses, the condition often
manifests in language disorders, visuospatial deficits and executive dysfunctions. Patients often
have neuropsychiatric disturbances, as apathy and psychotic symptoms. Loss of autonomy follows
cognitive impairment. The clinical diagnosis of AD is based on a complete medical examination with
a neuropsychological evaluation. The FCSRT (free and cued selective reminding test) is recom-
mended for the identification of the amnestic syndrome of the medial temporal type, which is
defined by: (1) a very poor free recall and (2) a decreased total recall due to an insufficient effect of
cueing. The neuropsychological tests should also assess other cognitive functions that may be per-
turbed in AD, such as executive functions, praxis, visuospatial capacities and language. Neuroimaging
and biological exams (genetics, biomarkers) are of great utility in the evaluation. Other medical, neu-
rological, or psychiatric disorders which could account for the impairment in memory and related
symptoms must be always investigated. Copyright © 2009 S. Karger AG, Basel

As life expectancy increases, so does the prevalence of dementia: more than one third
of individuals over the age of 80 are likely to develop dementia [1]. Alzheimer’s dis-
ease (AD) is a progressive neurodegenerative disorder that remains the most com-
mon cause of dementia [1] and accounts for 50-60% of all cases [2]. Although AD
mainly affects aged populations, it should be noted that it also affects an important
group of young patients [3].

The stage at which diagnosis is made impacts the therapy advised, the counseling
given to patients and family, and the approach to long-term care.



Clinical Features

Progression of Cognitive Deficits Follows the Progression of the Underlying Cerebral
Lesions

The most prominent feature of AD is the decline in cognitive function [4]. Memory
impairment of recent events, unusual repeated omissions, and difficulty learning
new information characterize the first clinical signs. At early stages, when signs are
primarily limited to memory impairment, the diagnosis can be difficult and expert
advice is often necessary. As the disease progresses, the condition often manifests
in language disorders, visuospatial deficits and difficulties executing more complex
tasks of daily living.

With regards to anosognosia (loss of insight into cognitive difficulties), some stud-
ies suggest that insight is preserved in the early stages of the disease but then dimin-
ishes as the condition progresses [4]. However, it is often the family who initiates
consultation rather than the patient.

Loss of autonomy follows cognitive impairment. Patients progress from loss of
higher-level activities of daily living, such as financial transactions and the use of
public transportation, to abnormalities in the more basic activities of daily living.

This progression of cognitive deficits is related to the progression of the under-
lying cerebral lesions [1], as established by Braak and Braak [5]. In the early stages
of AD (Braak I-III), critical areas for episodic memory are already effected by neu-
ropathological changes (neurofibrillary degeneration) in medial temporal regions
(hippocampal formations, parahippocampal gyrus, and entorhinal cortex) and,
consequently, episodic memory deficit is the initial and reliable neuropsychological
marker of AD. As the condition progresses, deficits occur in instrumental functions
(language, praxis, visuospatial capacities), which are consistent with the extension of
lesions into the neocortical association areas (Braak V).

Ampnesic Syndrome Is the Main Symptom
Not all aspects of memory are equally affected in early AD; impairment of antero-
grade episodic memory tends to be the initial and most prominent indicator [4, 6].

A specific pattern of low performance during memory testing is required for AD
diagnosis. The FCSRT (free and cued selective reminding test) [7] is recommended
for evaluation of an undiagnosed patient [8], because poor information storage as
evident with a low total recall performance after facilitation of retrieval by semantic
cues [9] characterizes the typical profile of AD memory deficit (so-called amnestic
syndrome of the medial temporal type).

Poor memory performances can be observed in other medical disorders such
as Parkinson disease with dementia, vascular dementia, depression, and iatrogenic
mechanism. Moreover, subjective memory complaints are common in the aging pop-
ulation. The perceptions of patients’ symptoms from a proxy are perhaps more reli-
able as they often reflect an objective perspective on memory performance.
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Temporal-Spatial Disorientation

Temporal-spatial disorientation (disorientation in nonfamiliar places and difficulty
recalling recent events) characterizes the earliest stages of the disease [6]. Patients
often report difficulty orienting themselves in familiar places (neighborhood) during
intermediate stages and progress to severe disorientation in their personal residence
in later stages.

Instrumental Cognitive Functions Deficit

In early stages, patients may have normal language abilities. Aphasia (language dis-
orders) may appear as the condition progresses, marked by decreased verbal com-
prehension and naming difficulty [6]. Some patients may present with aphasia at
the onset. During picture-naming tasks, the patient will use nonspecific words (e.g.
‘trick; ‘thing’) periphrases, or words belonging to a superordered category (‘fruit’ for
‘banana’) or the same category (‘apple’ for ‘pear’). As AD advances, language disor-
ders can severely impair comprehension, reading and writing, resulting in mutism
or incomprehensible language [6]. Clinicians should evaluate whether the patient’s
discourse is fluent and meaningful, whether simple or complex commands are easily
understood, and whether words are lacking during a picture naming task.

Gestural apraxia refers to an inability to perform learned skilled movements,
which can not be explained by sensitive motor deficits or by judgment alteration. It
is usually measured by asking the patient to perform pantomimes of tool uses (e.g.
asking the patient to imitate how to cut with scissors), symbolic gestures (asking
the patient to perform a military salute) or to imitate meaningless gestures. At early
stages of the disease, gestural apraxia may have little clinical impact on everyday life
and accordingly, it must be specifically investigated during the clinical examination.
Difficulty using objects, as well as dressing apraxia, is observed during moderate to
severe AD.

Visuospatial dysfunction tends to be common in the moderate stage of AD [4].
Deficits arise first during complex tasks, which require perceptual analysis and spatial
planning. Impairment in constructional ability can be easily tested by drawing and
copying tasks. Occasionally, visuospatial dysfunction dominates early in the so-called
visual variant of AD [4].

Visual agnosia and complex visual processing dysfunction are observed in advanced
stages of the disease. Patients are impaired in their recognition of objects or faces.

Working Memory and Executive Function
Executive function refers to high-order cognitive abilities that are required for select-
ing and monitoring appropriate sequence of actions for elaborating goal-directed
behaviors [10].

The executive function of working memory (WM) is involved in consecutive pro-
cessing and information maintenance, and requires attentional resources. Deficits in
WM and in attention are not specific, but by the time most patients are diagnosed

Clinical Investigations in Primary Care 3



with established AD, these deficits are usually apparent [4]. Clinicians may observe
a decrease in forward and backward digit span or mental ordering. Mental calcula-
tion, as tested in the Mini-Mental Test Examination (MMSE), can be disturbed by
WM deficits. There is evidence that the attentional and WM deficits are explained not
only by an alteration to the dorsolateral prefrontal cortex, but also by a loss of func-
tional integrity of the hippocampal-based memory system which is directly related to
alterations of neural activity in parietal regions seen over the course of mild cognitive
impairment (MCI) and AD [11].

Executive functions also involve conceptualization and abstract thinking. These
abilities can be clinically explored with tests of similarities (‘consider a banana and an
orange: in what way are they alike?’), tests of differences (‘consider a river and a canal:
in what way are they not alike?’), or by explanations of proverbs and definitions of
symbolic concepts.

The Frontal Assessment Battery [10] is a rapid and efficient tool for assessing fron-
tal (executive) functions in clinical practice.

Severity of the Disease

Different stages of severity are described in AD, from mild to moderate and severe.
The Clinical Dementia Rating Score [12] is based on an overall evaluation of the
patient’s condition and offers incremental stages of severity.

The MMSE [13] assesses the global cognitive efficiency and can discern the level
of dementia severity. While the MMSE is not a good test for definitive AD diagnosis,
it is easy and quick to administer and can track the overall progression of cognitive
decline. Longitudinal studies have shown that the mean annual rate of progression of
cognitive impairment using MMSE is approximately 2-6 points [14].

Functional decline increases with disease progression. In mild stages of AD, patients
require limited home care. In moderate stages, patients need supervision and regular
assistance in most activities. In severe stages, residential health care is necessary.

Neuropsychiatric Symptoms and Behavioral Disturbances

Behavioral and psychological symptoms of dementia include depression, apathy, agi-
tation, aggressivity, and sleep disruption, as well as psychotic symptoms, such as delu-
sions and hallucinations.

The levels of behavioral and psychological symptoms of dementia, especially those
of psychosis, depression, and agitation, tend to fluctuate over time, resulting in dis-
tinct individual differences. In spite of this variation, it should be noted that the prev-
alence of psychosis and behavioral disturbance increases as the disease progresses
and may indicate a poor prognosis [15].

The most prominent behavioral symptom is apathy, which has been found in
25-50% of cases [4]. It is of note that apathy should not be confounded with depres-
sion, as half of AD patients with apathy have no concomitant depression [4]. The
prevalence of apathy increases with the severity of dementia. Starkstein et al. [16]
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showed that apathy is a behavioral feature of a more aggressive dementia with faster
progression of cognitive, functional and emotional impairment.

Delusions are observed more often than hallucinations - their frequency is esti-
mated at 20-70% [4]. Paranoid delusions are probably the most common type,
but misidentification phenomena and Capgras delusions may also be observed.
Hallucinations, usually visual, are rare in the early stages, but become more prevalent
as the disease progresses [4].

Physical Examination

Motor signs on clinical examination are relatively uncommon at the initial stages
of AD. Any neurological sign, such as an extrapyramidal syndrome, gait disorders,
movement disorders, myoclonus, seizures, lead to discussion of other diagnoses.
These features are uncommon until the late phases of the disease.

Some mild motor symptoms can be observed in the latter course of AD. These
symptoms consist of changes in muscular tonus (hypertonia, paratonia), cogwheel
phenomenon, postural instability and gait disorders, myoclonus, etc. Although
characterized under the general term of ‘extrapyramidal signs, these motor symp-
toms never comprise a true parkinsonian syndrome, which typically consists of
unilateral onset, akineto-rigid syndrome, and resting tremor with a good response
to levodopa. Scarmeas et al. [17] showed that tremor and bradykinesia motor signs
predict cognitive and functional decline, institutionalization, and mortality in AD
patients.

Myoclonus may appear later in the course of the disease [6]. Myoclonus is also a
significant predictor of functional impairment and it is ultimately a predictor of dis-
ease course and death.

Physical examination should always include assessment of vascular risk factors
and nutrition.

Diagnosis Criteria

For more than 20 years, the diagnosis of AD has been based on the NINCDS-ADRDA
criteria [18], according to which the diagnosis is classified as definite (clinical diag-
nosis with histological confirmation), probable (typical clinical syndrome without
histological confirmation), or possible (atypical clinical features but no alternative
diagnosis apparent; no histological confirmation). Typical sensitivity and specificity
values for the diagnosis of probable AD with the use of these criteria are 0.81 and
0.73, respectively [19]. In 2007, new diagnostic criteria [8] proposed no more refer-
ence to dementia threshold.

To meet the criteria for probable AD, an affected individual must fulfill the core
clinical criterion: objective evidence of significantly impaired memory upon testing,

Clinical Investigations in Primary Care 5



and at least one or more of the supportive biological features, including presence of
medial temporal lobe atrophy, abnormal cerebrospinal biomarkers, and specific func-
tional neuroimaging patterns with PET. A definite diagnosis of AD can only be made
by neuropathology analysis or by both clinical and genetic evidence of AD.

Investigations for Diagnosis

Neuropsychological Assessment

A medical history accompanied by clinical, neurological, and psychiatric examina-
tion serves as the foundation for the diagnostic workup. The neuropsychological
evaluation is crucial to establishing the nature of memory impairment and remains
the cornerstone for diagnosis [8].

Neuropsychological testing can provide objective evidence of and help quantify the
precise nature of the memory deficit, especially in the early stages of the disease when
other diagnoses may be considered, such as depression. One of the dilemmas in early
AD diagnosis is how to distinguish real memory impairment (e.g. failure of informa-
tion storage and new memory creation) from attentional disorders or strategic impair-
ment (such as normal aging or frontal disorders; fig. 1). In order to characterize the
amnestic disorders of an individual suspected of AD, the FCSRT is recommended [8],
because it can identify the amnesic syndrome of the medial temporal type, defined by:
(1) avery poor free recall and (2) a decreased total recall due to an insufficient effect of
cueing. The low performance of total recall in spite of retrieval facilitation indicates a
poor storage of information. This amnestic syndrome of the medial temporal type dif-
fers from functional and subcortico-frontal memory disorders, which are character-
ized by a low free recall performance with normal total recall because of good cueing
efficacy [20].

The amnestic syndrome of the medial temporal type is able to distinguish patients
at an early stage of AD from MCI nonconverters [21].

The neuropsychological test should also assess other cognitive functions that may
be perturbed in AD, such as executive functions, praxis, visuospatial capacities and
language.

Laboratory Studies
Laboratory studies are necessary to identify or rule out secondary causes of demen-
tia and coexisting disorders that are common in elderly people. The following tests
are recommended for evaluation: complete blood cell count, glucose, thyroid func-
tion tests, serum electrolytes, BUN/creatine, serum B,, levels, liver function tests
[22]. Screening for syphilis and serology for HIV should be considered in selected
patients.

Lumbar puncture should be acquired for patients younger than 55 years old, in cases
of rapidly progressing or unusual dementia, hydrocephalus, immunosuppression,
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Depression
Frontal dysfunction

Stimulus FTD

presentation

I’ 4

Registration Storage Retrieval from
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Hippocampal
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Free recall + cueing (or recognition)

| Total recall is low | Total recall is normalized
| =AD | Depression, or

Frontal dysfunction, or
Subcortical dementia

Fig. 1. Principle of examination of long-term memory. FTD = Frontotemporal dementia.

reactive serum syphilis serology, suspicion of other conditions (metastasis cancer,
CNS infection, CNS vasculitis or Creutzfeldt-Jakob disease) [22].

The importance of biomarkers in clinical practice has increased in recent years.
There are three markers in the CSF that have been studied: the AP42 protein, the
total tau (t-tau) and the phospho-tau (p-tau). These markers reflect the pathogenic
processes of amyloid aggregation and hyperphosphorylation of the tau protein. Some
studies have demonstrated correlations between biomarkers and neuropathology

Clinical Investigations in Primary Care 7



Table 1. Causes of dementia

Cortical degenerative dementia without motor sign

AD

Frontotemporal dementia: frontal dementia; progressive non fluent aphasia, semantic dementia,
FTD

Other focal neurodegenerative syndromes: progressive visuospatial impairment, progressive
apraxia

Subcortical degenerative dementia with motor sign
Parkinson disease with dementia

Progressive supranuclear palsy

Huntington’s disease

Cortico-subcortical degenerative dementia with motor sign
Dementia with Lewy bodies

Corticobasal degeneration

Multiple system atrophy

Vascular dementia

Multi-infarct dementia

Strategic infarct-related dementia
Binswanger’s encephalopathy

CADASIL (hereditary vascular dementia)
Cerebral amyloid angiopathy

White matter lesions

Mixed dementia

Infectious dementia

Syphilis

Whipple disease

HIV-related dementia

Virus encephalitis (herpes encephalitis)
Progressive multifocal leukoencephalopathy
Subacute sclerosing panencephalitis

Prion protein disease
Creutzfeldt Jakob; Kuru; fatal familial insomnia; Gerstmann-Straussler-Scheinker disease

Dementia associated with toxic causes
Lead, mercury, aluminium, solvents
Carbon monoxide and anoxy
Radiotherapy, chemotherapy
Alcohol

Marchiafava-Bignami disease

Dementia associated with autoimmune disease or inflammatory disorders
Multiple sclerosis

Systemic lupus erythematosus

Behcet’s disease

Sjogren’s syndrome

Vasculitis with or without systemic involvement

Sarcoidosis

Metabolic dementia
Wilson disease
B,, deficiency, thyroid disease, parathyroid disease
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[23], as well as hippocampal atrophy [24]. In AD, the concentration of Ab42 in cere-
brospinal fluid is low and t-tau is high compared with those in healthy controls.
Several recent studies have addressed the value of cerebrospinal fluid biomarkers
in identifying early AD. A combination of CSF t-tau and AB42 at baseline yielded a
sensitivity of 95% and a specificity of 83% for detection of incipient AD in patients
with MCI [25]. The relative risk of progression to AD was substantially increased
in MCI patients who had pathological concentrations of t-tau and AP42 at baseline
[25].

Other studies have also shown that biomarkers may have a predictive value in rec-
ognizing MCI patients who will convert into AD [26, 27].

Neuroimaging

For many years, the use of the CT and MRI in the evaluation of AD has been restricted
to excluding neurosurgical lesions, such as brain tumors or subdural hematomas, or to
investigate evidence of cerebrovascular lesions (cerebral infarcts, white matter lesions)
that may account for vascular dementia. However, modern neuroimaging extends
beyond this traditional role of excluding other conditions. New MRI techniques can
investigate both the structural and functional abnormalities that are specific to AD
[28]. While neuroimaging can show cerebral atrophy, visualized as enlarged ventri-
cles and cortical sulci, the overlap with normal aging and other dementias is too large
to have any diagnostic value in clinical practice.

However, MRI can assess the presence of medial temporal lobe atrophy, which
reflects the degenerative changes in the hippocampus and entorhinal cortex caused
by the disease. The volume of the hippocampus, measured by MRI, is significantly
reduced in AD compared to control subjects [28].

With the development of more efficient techniques for recognizing predementia
conditions, it is expected that the importance of neuroimaging in the clinical practice
will increase, both for the early diagnosis and follow-up of the patient.

Familial Genetic Mutations

Three autosomal dominant mutations that cause AD have been identified on chro-
mosomes 21 (amyloid precursor protein), 14 (presenilin 1), and 1 (presenilin 2) [29].
The presence of a proband with genetic testing for one of these mutations can be con-
sidered strongly supportive for the diagnosis of AD [8].

Differential Diagnosis
Other medical, neurological, or psychiatric disorders which could account for the
impairment in memory and related symptoms must be investigated.

Other neurodegenerative dementia (table 1) could be questioned particularly in
following cases:

Clinical Investigations in Primary Care 9



Early behavioral disturbances, particularly social misconduct and eating changes,
could be indicative of frontotemporal dementia.

Early extrapyramidal signs, early visual hallucinations, early visuospatial and atten-
tional impairment, REM sleep behavioural disorders and symptom fluctuation could
be caused by Lewy body dementia.

Vascular dementia is implicated by the presence of vascular lesions in neuroimaging
and a sudden onset with focal neurological signs.

Early language disorders could be caused by progressive nonfluent aphasia (hesitant,
effortful speech and agrammatism), semantic dementia (progressive loss of knowledge
about words and objects), or logopenic progressive aphasia (progressive decrease in
speech output with anomia).

Onset presenting with higher-order visuospatial dysfunction, Balint syndrome (ocular
apraxia, optic ataxia, simultanagnosia) could be indicative of progressive posterior
cortical atrophy.
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Abstract

Subtle cognitive impairments without dementia are common in the elderly population and numer-
ous nosological entities have been proposed for their classification. The concept of mild cognitive
impairment has become increasingly popular both in clinical practice and in research. It has been
developed to describe a transitional zone between the cognitive changes of normal aging and early
Alzheimer’s disease or other forms of dementia. Its interest lies mainly in early identification of indi-
viduals who might be at risk of developing rapid cognitive decline. But the further one tends towards
the early detection, the greater is the risk to lose in specificity. A number of other factors such as
depression, metabolic or nutritional disorders, medication use, may cause cognitive dysfunctions
and are reversible. The concept of mild cognitive impairment arouses a debate about its heteroge-
neity, limits, and relevance in clinical practice and research. Copyright © 2009 S. Karger AG, Basel

The clinical diagnosis of dementia is currently supported by specific criteria requir-
ing the presence of a memory disorder associated with impairment in at last one
additional cognitive domain, severe enough to interfere with social function or
activities of daily living [1]. The main concern in defining these dementia criteria
was to differentiate people with dementia from those with cognitive changes asso-
ciated with physiological aging. However, most of pathological processes underly-
ing dementia have a progressive course and early symptoms occur before clinically
overt dementia. Therefore, the main difficulty resides in the early identification of
patients with degenerative or vascular disease or who have a high risk of showing
a subsequent cognitive decline and ultimately convert to dementia. Many patients
evaluated mainly for a memory cognitive complaint are neither cognitively intact
nor are they impaired enough to be classified as having very mild dementia. This
transitional stage which is characterized by subtle cognitive deficits (primarily but
not exclusively memory deficit) is referred to as mild cognitive impairment (MCI).



This grey area raises several questions and debates about its real relevance in daily
clinical practice: how to characterize this condition, what are its determinants and
what is its temporal evolution?

Evolution of Concepts

The problem of the wide spectrum of cognitive deficits between normal ageing and
dementia has been approached by two different ways: first, by studying the general
population complaining about cognitive changes irrespective of the etiology or the
potential evolution, secondly by focusing on the early features of Alzheimer’s disease
(AD) and other dementia.

Various concepts close to MCl started to appear in the literature more than 40 years
ago [for review, see 2]. The first to be proposed was the benign senescent forgetfulness
defined by Kral in 1962 [3] in opposition to the ‘malignant’ senescent forgetfulness. It
was centered on the memory impairment including an inability to recall minor detail,
forgetting of remote as opposed to recent events and awareness of memory problems.
Other conceptualizations have followed Kral’s benign senescent forgetfulness. Crook
etal. [4] in 1986 developed the notion of age-associated memory impairment (AAMI)
referring to memory complaints of gradual onset in elderly people substantiated by a
decrease of at least one standard deviation on a formal memory test. A problem with
AAMI was that the performance was compared with young adults’ norms, so that
AAMI became highly prevalent in the elderly population. The late-life forgetfulness
concept [5] modified the Crooks criteria by adding an upper age limit, requiring stan-
dardized self-report memory questionnaires and using results from a battery of tests
based on age-matched norms. In 1994, in the concept of ageing-associated cogni-
tive decline [6], age standardization, taking cohort effect into account and a broader
focus integrating other functions than memory such as attention and concentration,
thinking, language and visuospatial abilities was proposed. A similar concept is the
age-related cognitive decline described concomitantly in the DSM-IV [1]. It refers to
an objective decline in cognitive functioning due to a physiological process of ageing
and is defined as a complaint of difficulties in recalling names, appointments, or in
problem solving which cannot be related to a specific mental problem or a neurologi-
cal disorder. Strikingly, the age-related cognitive decline definition specified neither
a specific assessment procedure nor a reference group. All of these early concepts
considered mild cognitive changes associated with ageing as intrinsic to the ageing
process. Alternatively, it has been supposed that mild cognitive changes could be
caused by an underlying disease and could be harbingers of disease. Within this theo-
retical framework, the International Classification of Disease (ICD-10) [7] included
the concept of mild cognitive disorder that refers to disorders of memory and learn-
ing or concentration often accompanied by mental fatigue. These disorders must be
shown by formal neuropsychological testing and attributable to cerebral disease or
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damage, or physical disease known to cause dysfunction, excluding dementia amne-
sic syndrome brain injury or postencephalitis syndrome. The mild neurocognitive
disorder in the DSM-IV [1] was a conceptually similar diagnosis which includes not
only memory problems but also executive functions, linguistic and perceptual-motor
abilities. Both early disease and age-related problems were included in the category
cognitive impairment no dementia proposed in the Canadian Study of Health and
Aging [8] that encompasses many disorders from circumscribed memory impair-
ment to chronic alcohol and drug use, psychiatric illness, mental retardation, and vas-
cular pathologies which did not meet the criteria for dementia. Cognitive impairment
no dementia was a broad and poorly delineated diagnostic category which concerned
elderly individuals with cognitive impairment in several cognitive domains that often
but not (consistently) progress to dementia [9].

At the same time and in parallel to these qualitative approaches, two main scales
have been proposed using scales classifying people from cognitively normal to demen-
tia. The Global Deterioration Scale [10] or The Clinical Dementia Rating Score [11]
permits to identify memory impairment or other changes as predementia syndromes.
MCI corresponds to stage 2 or 3 on the Global Deterioration Scale, and the 0.5 score
on the Clinical Dementia Rating is designated as ‘questionable dementia’ (0 = normal
and 1 = dementia).

Mild Cognitive Impairment

The concept of MCI was proposed by the Mayo Clinic group [12] to fill the gap
between normal and dementia-type pathological ageing, and assumes that a cogni-
tive continuum exists between normality and dementing disorders such as AD. The
construct has been proposed to designate an early but abnormal state of cognitive
impairment and has come to be recognized as a pathological condition and as a
diagnostic entity, i.e. not a manifestation of normal ageing [13]. It is not gener-
ally thought to be a direct consequence of a systemic disease, but may be a sig-
nificant risk factor for dementia, in particular AD. The original criteria (table 1)
focused on the presence of memory problems and memory disorders characterizing
MCI as a stage of memory impairment beyond aging but in which other cognitive
domains were preserved and daily functions remained largely intact [14, 15]. In
1999 [12], these criteria were clarified: the absence of impaired cognitive function
in a domain other than memory was required, memory tests claimed 1.5 standard
deviation below normative values. This construct was essentially believed to be a
clinical description of persons who were destined to develop AD [12]. In fact, most
of the subsequent literature on MCI has focused on individuals who meet these
criteria [16, 17].

One main problem of these criteria was their unilateral focus on memory deficit
that contrasts with the frequent observation of nonmemory deficits among patients
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Table 1. MClinitial criteria [12]

Memory complaint preferably corroborated by an informant
Objective memory impairment for age and education
Largely normal general cognitive functions

Essentially intact activities of daily living

Not demented

with cognitive complaints. Taking into account that not all forms of MCI progress to
AD and therefore that other presentations of cognitive impairment needed to be con-
sidered, the Current Concepts in MCI Conference [15] proposed to distinguish three
subtypes of MCI: (1) amnestic MCI, with only memory impairment, which will usu-
ally progress to AD; (2) multiple-domain slightly impaired MCI, with slight deficits
in many cognitive domains without requiring memory deficit, which may progress
to AD or other forms of dementia, and (3) MCI single nonmemory domain, with a
single deficit in a cognitive domain other than memory, which may, according to the
affected domain, progress to non-Alzheimer-type dementia such as frontotemporal
dementia or primary progressive aphasia.

Some authors such as Dubois and Albert [18] argue that ‘amnestic MCI” and
‘multiple-domain slightly impaired MCT are in fact AD in a presymptomatic stage
so that these two classifications can also be called ‘MCI of the Alzheimer type’ or
‘prodromal AD’. They propose diagnostic criteria for ‘prodromal AD’ including
memory complaint, progressive onset, normal or mildly impaired complex activi-
ties of daily living, evidence of objective memory disorder based on a memory test
showing the specificity of amnestic syndrome of the ‘hippocampal type’ (very poor
free recall despite adequate encoding, limited effect of cueing on recall or impaired
recognition, numerous intrusions), persistence of memory changes at a subsequent
assessment, absence of the fully developed syndrome of dementia and exclusion of
other disorders that may cause MCI, with adequate tests, including neuroimaging
and biomarkers.

An etiology-oriented diagnostic procedure for MCI has recently been discussed
by the Working Group of the European Consortium on AD [19]. A classification
has been proposed for use in clinical practice, corresponding to the subtypes usu-
ally encountered in outpatient care: cognitive disorders corresponding to neurode-
generative disease (pre-AD MCI, Lewy body dementia or frontotemporal dementia,
and more rarely focal atrophy); cognitive disorders corresponding to vascular lesions
(vascular predementia MCI, mixed dementia); dysphoric or dysthymic disorder
(anxious or depressive syndrome). The diagnostic procedure proposed would make it
possible to identify patients at high risk for progression to dementia with additional
tests (such as analysis of CSF and neuroimaging) required for determining the under-
lying cause.
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Determinants and Course of Mild Cognitive Impairment

The prevalence of MCI and its subtypes varies greatly, ranging from 3% to around
13% of people older than 65 years, depending on the criteria used and population
studied (general or memory clinic cohort) [20]. Epidemiological studies suggest that
the progression of MCI is heterogeneous and may be reversible (some studies have
shown that up to 40% of the subjects with MCI will improve at follow-up) [20-22].
In the case of an amnestic MCI of a presumed degenerative etiology, the most likely
outcome will be AD. The rate of progression to AD is 10-15% per year [23]. Several
neuropsychological markers of conversion to dementia have been proposed for the
amnestic form of MCI including episodic memory tasks (verbal and nonverbal at
different retrieval conditions such as free recall, recognition and immediate versus
delayed recall [for review, see 24]), semantic memory and visuospatial functions [25].
From a structural viewpoint, the association between the rate of hippocampal atro-
phy and amnestic MCI conversion is now well established [26]. Modern neuropatho-
logical studies have shown that mesial temporal lobe atrophy starts in the context of
normal brain aging and clearly precedes the development of the first neuropsycho-
logical deficits. It is thus not surprising that several studies attempted to identify a
functional marker of MCI progression to AD. After a period of positive data, there is
now increasing skepticism about the validity of functional neuroimaging as a tool in
the early diagnosis of AD. This is partly due to the great variability of suggested asso-
ciations at least in studies at resting state and to the marked heterogeneity of the MCIL.
Most importantly, in the absence of activation paradigms, numerous studies revealed
metabolic and regional blood flow differences with unclear biological significance.
As a consequence, to date none of these measures have a high predictive value in an
individual case [26].

Limits

The main criticism towards the MCI construct is that it is only descriptive, difficult to
operationalize and probably not a biologically early diagnosis. Most of these defini-
tions use insufficiently detailed criteria. This may lead to variability in application of
the criteria as well as in results [27]. Objective cognitive impairment must be diag-
nosed on the basis of evidence, but neuropsychological aspects of the classification
are poorly defined and no limits have been proposed. The evaluation method varies
greatly from one study to another, depending on the type of population analyzed, and
on the objectives of the study. ‘All-purpose’ consensus-based or reference batteries
currently do not exist [19]. There is a lack of clarity between the boundaries of MCI
and so-called normal people and MCI and dementia. In particular, the distinction
between amnestic MCI and early AD is very subtle and the demarcation is difficult to
draw [18, 27]. Some authors argue that clinical judgment is not sufficient and propose
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neuropsychological instruments [28]. Furthermore, the criteria corresponding to
absence of repercussions on daily life may be too restrictive, insofar as cognitive dis-
orders may have slight repercussions on complex day-to-day activities. Adequate
tools for its evaluation need to be specified. The psychological and behavioral symp-
toms should also be taken into account and should not systematically be the exclusion
criteria for the diagnosis. Patients may have depressive symptoms related to cognitive
impairment or to the underlying process. Dierckx et al. [28] propose to incorporate
depressive symptoms in the diagnostic procedure of Petersen [12], assuming that
elderly depression with concomitant cognitive problems can be seen as MCI.

The concept of MCI is also criticized as a syndromal description and as an unsta-
ble condition since many subjects do not worsen over time and may revert to normal
cognitive abilities. Thus, for some authors [27], MCI is considered as unable to char-
acterize subjects who share a prognosis or who may benefit from treatment and as not
a clinically useful concept. Furthermore, the label of predementia stage does subjects,
who revert to normal, harm.

Most importantly, the notion of a biologically early diagnosis has been profoundly
changed during the last years after the identification of functional compensation phe-
nomena in MCI. Most early studies in this field focused on functions subserved by the
hippocampal formation which is known to be compromised very early in the course
of the degenerative process [for review see 29]. Recent studies demonstrated that
MCI cases are able to compensate the initial functional deficits by activating alter-
native cortical circuits in order to achieve correct execution of cognitive tasks [30].
In respect of pharmacological findings and in contrast to that originally expected,
two studies correlated levels of hippocampal choline acetyltransferase (ChAT) activ-
ity with the extent of AD lesions in control, MCI, and AD cases. MCI subjects pre-
sented with increased hippocampal ChAT activity [31, 32]. This elevation was no
longer present in mild AD cases, which were not different from controls. Severe AD
cases showed markedly depleted hippocampal ChAT levels. These observations sug-
gest that the development of compensatory mechanisms takes place early in normal
brain aging and may at least partly account for the differences observed between MCI
and controls but also between MCI converters and nonconverters.

Utility in Clinical Practice

Despite its ambiguities, the concept of MCI remains useful in highlighting the impor-
tance of considering the cognitive complaints in elderly people. Its utility concerns the
detection of patients at high risk of progressing to AD or dementia disorders and to
propose a follow-up to them in order to improve early diagnosis and early treatment.
It is clear that not all will progress to dementia, and that MCI is an interim diagnosis.
As such, clinicians should pay attention to not stigmatize these patients and not take
this diagnosis lightly [33]. It is important to assess the various conditions potentially
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associated with memory or cognitive complaints, such as anxiety or depression, side
effects of drugs, particularly anticholinergic agents, alcohol abuse, hypothyroidism,
nutritional deficiency, or sleep apnea. After identifying the ‘MCI syndrome’ on the
basis of memory complaint, decline in cognitive functioning relative to previous abil-
ities (referring to a questionnaire or a battery of cognitive tests repeated at 6-month
intervals) and cognitive deficits evidenced by clinical evaluation without major reper-
cussions on daily life, the second step is to review which MCI subtype (amnestic or
nonamnestic, single or multiple domain) and which underlying etiopathogenic sub-
type (neurodegenerative disease, vascular lesions, dysthymic disorders) are involved
[19].

Effective treatments of MCI have not been demonstrated as yet. Several clinical
trials for amnestic MCI with anticholinesterase inhibitors have been unsuccessful.
This apparent lack of sustained benefit might be explained by different ways: by the
compensatory upregulation of central cholinergic activity [32], by the lack of sensitiv-
ity of the cognitive outcome or by the heterogeneity of patients. Vascular risk factor
should be treated more carefully, and lifestyle changes such as diet, physical and lei-
sure activities can be counseled [34].
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Abstract

The progressive development of Alzheimer’s disease (AD)-related lesions such as neurofibrillary tan-
gles, amyloid deposits and synaptic loss within the cerebral cortex is a main event of brain aging.
Recent neuropathologic studies strongly suggested that the clinical diagnosis of dementia depends
more on the severity and topography of pathologic changes than on the presence of a qualitative
marker. However, several methodological problems such as selection biases, case-control design,
density-based measures, and masking effects of concomitant pathologies should be taken into
account when interpreting these data. In last years, the use of stereologic counting permitted to
define reliably the cognitive impact of AD lesions in the human brain. Unlike fibrillar amyloid depos-
its that are poorly or not related to the dementia severity, the use of this method documented that
total neurofibrillary tangles and neuron numbers in the CA1 field are the best correlates of cognitive
deterioration in brain aging. Loss of dendritic spines in neocortical but not hippocampal areas has a
modest but independent contribution to dementia. In contrast, the importance of early dendritic
and axonal tau-related pathologic changes such as neuropil threads remains doubtful. Despite these
progresses, neuronal pathology and synaptic loss in cases with pure AD pathology cannot explain
more than 50% of clinical severity. The present review discusses the complex structure/function rela-
tionships in brain aging and AD within the theoretical framework of the functional neuropathology
of brain aging. Copyright © 2009 S. Karger AG, Basel

Alzheimer’s Disease-Type Lesions in Brain Aging: Introductory Remarks

The progressive development of Alzheimer’s disease (AD)-related pathology in the
cerebral cortex constitutes a major event that occurs in the human brain as a func-
tion of age. Yet, the exact cognitive repercussions of these changes remain controver-
sial. Since Tomlinsonss first observations [1], several neuropathological studies have



confirmed that neurofibrillary tangles (NFT), and amyloid deposits may be present
in the hippocampal formation and restricted parties of the mesial temporal lobe in
most elderly people with either very mild memory impairment or even in the absence
of cognitive deterioration [2, 3]. Furthermore, amyloid deposits are also found even
within neocortical association areas in intellectually preserved elderly individuals [4,
5]. Altogether, these data imply that the diagnosis of AD is not related to the presence
or absence of a specific pathological hallmark but depends instead on the severity and
distribution of AD type lesions in the brain (fig. 1). Contrasting with this theoreti-
cal position, certain authors have stressed the importance of qualitative differences
between brain aging and AD such as the presence of AB40-immunoreactive reticular
amyloid deposits and PHF-positive senile plaques or the substantial neuronal loss
in the CAL field, yet the validity of these markers is still not widely accepted [6]. In
clinically overt dementia, a substantial NFT formation within adjacent components
of the medial and inferior aspects of the temporal cortex and later on in other neo-
cortical association areas was reported, whereas there were only weak correlations
between fibrillar amyloid deposits and cognitive status in demented cases [7, 8]. The
relationship between the pattern and densities of NFT and amyloid deposits in brain
aging and in AD has led to the development of neuropathologic staging models of
AD. In 1991, Braak and Braak developed an NFT-based model to differentiate initial,
intermediate and advanced stages of AD [9]. Nine years after the first description of
the NFT staging system, Braak’s group described a new amyloid-based model. This
newer model describes four phases in the evolution of amyloid AP deposition within
the medial temporal lobe, which are significantly correlated with the Braak NFT-
based stages [10].

Tau-related neuronal pathology is not confined to NFT. It also includes pretangles
defined as non fibrillar accumulations of tau, and end-stage extracellular NFT that
were usually taken into account in clinicopathological correlations [11]. Besides these
perikarya-related types of neuronal pathology, neuropil threads (NT) in dendrites
and axons contain paired helical filaments composed of hyperphosphorylated tau.
Clinically, this neuritic pathology is of considerable interest as it is thought to account
for 85-90% of cortical tau pathology in normal brain aging and early AD [12]. Some
investigators have postulated that NFT in the soma and NT in the processes of neu-
rons are formed simultaneously [13], while others argue that NT formation precedes
NFT formation in most neurons [14]. In this context, an increase in NT has been
reported in cases with mild cognitive impairment followed by a substantial decrease
in severe AD. In contrast to the well-established impact of NFT in cognition, the clin-
ical significance of NT remains controversial [14].

Several studies have shown that in addition to NFT and amyloid deposits, AD is
characterized by selective neuronal loss [15], severe and early loss of synapses [16],
and synaptic pathology [17]. Early immunocytochemical studies indicated an aver-
age 30-45% decrease in presynaptic terminal density in the AD neocortex [17]. The
contribution of Terry et al. [18] first implied that severity of AD is more robustly
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Fig. 1. Representative examples of Alzheimer-type lesions in normal aging (a, ¢) and AD (b, d). a, b
NFT (arrows) and threads (arrowheads); ¢, d Senile plaques in the entorhinal cortex.

Immunohistochemistry with anti-tau (a, b) and anti-amyloid (c, d) antibodies. Scale bar: 100 um (a,
b); 200 um (c, d).

related to synapse loss than amyloid plaque, tangle densities, degree of neuronal loss,
or extent of cortical gliosis. In particular, they postulated that synaptophysin immu-
noreactivity, a widely used presynaptic marker, decreases in the prefrontal cortex
of AD cases, explaining about 70% of the global psychometric test variability [18].
Recent reports revealed synaptophysin reduction in NFT-containing neurons in the
hippocampus and association cortices in mild cognitive impairment and early AD,
pointing to the relationship between NFT formation and loss of presynaptic markers
[19].

In contrast to presynaptic markers, AD changes in postsynaptic structures have
been rarely studied. Spines are dynamic structures that are the proposed site of syn-
aptic plasticity underlying learning and memory [20]. Because of the distance of
dendritic extent from the soma, dendritic spines may be particularly vulnerable to
incipient degenerative processes that disrupt intracellular signaling and synaptic
functions. Spinophilin, a synaptic protein implicated in spine formation and synaptic
transmission, displays a remarkably distinct localization to the heads of majority of
dendritic spines in all brain regions examined, although the concentration per spine
is regionally and locally variable. Spinophilin immunoreactivity has been shown to
be intense in the majority of dendritic spines of rat hippocampus [21]. It is present
in about 93% of the dendritic spines in rhesus monkey hippocampus, but sparsely
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distributed in other portions of the dendrites, making it an excellent marker for quan-
titative assessment of spine numbers [22].

Methodological difficulties should be also considered when interpreting these
observations. From a strictly technical point of view, the first period of clinicopatho-
logical correlations in AD were based on lesion densities that are subject to major
sampling biases. For instance, estimates of synaptic loss relied upon density measures
and nonsystematic sampling based on two unwarranted assumptions, namely that
the size of the region under analysis remains constant across diagnostic groups and
that synaptic size does not change [23]. In addition, most studies concerned limited
autopsy series and used an ‘all or nothing” approach without calculating the relative
contribution of each type of lesions in cognitive decline. Finally, although multivari-
ate analyses have been classically used to control for the effect of demographic vari-
ables, apolipoprotein E genotype, or number of affected areas, only rare contributions
have attempted to control for the interdependence of AD pathologic hallmarks in the
aging brain [24, 25]. The present review summarizes recent clinicopathological data
related to AD pathology in elderly cohorts without vascular pathology and discusses
their relevance in the context of the long-lasting efforts to define the pathological
substrates of cognitive deterioration in the elderly.

Pathological Determinants of Cognition in Cases with Alzheimer-Type Lesions:
Neurofibrillary Tangles, Amyloid Deposits or Neuronal Loss?

In the field of pure AD, the positive association between clinical severity estimated by
the Clinical Dementia Rating (CDR) scores and neuropathologic staging was highly
significant for both NFT and AP protein deposition classification [26]. However, the
strength of the relationship was greater for NFT-based Braak staging. In a univariate
model, it accounted for 26.5% of the variability in clinical severity as measured by the
CDR, whereas AP protein deposition staging accounted for 13.0% and age for 4.4%.
In a multivariate analysis including the two neuropathologic classifications and age,
the model explained 30.1% of the variability in CDR scores. NFT and age together
accounted for 27.2% and the addition of Af protein staging to the model could only
explain an extra 2.9% of the clinical variability.

Although this is a key finding, such studies have the weakness of leaving a large
part of the clinical variability unexplained. This may be in part due to method-
ological issues related to the relative coarseness of the scales that were used (5 levels
of cognition for the CDR and 4 or 6 stages for the pathological classifications).
Subsequent studies using the 30-point MMSE scale and rigorous stereological
assessment of the number of NFTs and amyloid volume [27] showed that a very
high proportion of the variability in MMSE scores was explained by NFT and neu-
ronal counts in the CA1 field (83 and 85.4%), entorhinal cortex (87.8 and 83.7%)
and area 9 (87 and 79%) (fig. 2). Importantly, total amyloid volume in all of the
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Fig. 2. Total number of unaffected neurons (a-c), NFT (d-f), and amyloid volume (g-i) in area 9 (a, d,
g), entorhinal cortex (b, e, h) and CA1 field (c, f, i) as a function of dementia severity measured by the
MMSE score. Note the strong relationship between MMSE scores and total number of unaffected
neurons as well as NFT numbers in studied areas. This was not the case for total amyloid volume.
Reproduced with permission from Giannakopoulos et al. [27].

areas studied was not significantly related to MMSE score in any of the above mul-
tivariate models.

Supporting the marginal cognitive impact of fibrillar amyloid deposits, these results
indicate that the reported cognitive correlates of amyloid load in univariate analyses
mainly reflect its correlation with NFT [25]. Most importantly, they indicate that total
NEFT counts and neuron numbers in area 9 and the hippocampus are highly predic-
tive of cognitive status. Contrasting with the more modest performance of NFT-Braak
staging [26], NFT numbers in the entorhinal cortex or area 9 could predict more than
87% of the variability in MMSE scores. The stereologic assessment of neuronal loss
but also NFT numbers in neocortical areas remains of course a time-consuming pro-
cess not easily compatible with routine neuropathologic work. However, based on
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these observations which show an excellent correlation between total NFT numbers
in the entorhinal cortex and MMSE scores (compared to the semiquantitative assess-
ment proposed by Braak), one could recommend the systematic assessment of total
NFT numbers in the entorhinal cortex and CAl field as a unique pathologic marker
of AD progression.

One main conceptual problem that remained concerns the limited age range of
the sample used in most clinicopathological studies with a clear underrepresen-
tation of oldest-old individuals. The extensive analysis of total NFT and neuron
numbers in the entorhinal cortex and CA1 field in an independent series of 34 indi-
viduals encompassing the whole spectrum of old age and CDR scores revealed that
cognitive variability is only partly explained using a pure ‘lesional’ model of refer-
ence [28]. Questionable dementia was associated with a 1.9% neuronal loss in the
entorhinal cortex and 26% in the CA1l field. Importantly, even in cases with overt
clinical signs of dementia, more than 60% of pyramidal neurons in the CA1 field
were still present further supporting the notion of the persistence of a substantial
neuronal reserve in this particular area even in late stages of the degenerative pro-
cess [29]. Estimates of both neuronal loss and NFT numbers in the CA1 field seems
to be the best correlate of cognitive decline explaining 44% of the CDR variability.
These results imply that in contrast to our observations in younger cohorts, NFT
or neuron numbers in the hippocampal formation still explain less than 50% of
the variability in CDR scores when the whole spectrum of brain aging is taken into
account.

Neuropil Threads Do Not Affect Cognition in Brain Aging

Despite their predominance in the initial stages of AD neurodegeneration, the tem-
poral relationship between the formation of NT and progressive invasion of the hip-
pocampus by AD lesions is unclear. In terms of their evolution in dementia, a recent
study of NT length in the hippocampus and entorhinal cortex of 19 very old individu-
als with various degrees of cognitive decline showed that this length increases in both
the hippocampus and frontal cortex in mildly demented cases but showed a marked
decrease in the CDR score of 3 cases [30]. This observation parallels that of Mitchell
et al. [14] who reported an increase in NT in cases with mild cognitive impairment
with a subsequent decrease in cases with moderate to severe AD and postulated that
their toxic effect in hosting dendrites results in degeneration and resorption. This
hypothesis has also been supported by Sassin et al. [31] who provided a morphologi-
cal description of this phenomenon in NFT-containing neurons of the nucleus basa-
lis of Meynert. Alternatively, the decrease in NT length may reflect the fact that the
constant gain related to the addition of newly produced tau in the early stages of the
degenerative process may cease in severe cases as a consequence of NT disconnection
from the cell body.
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In terms of cognitive impact, early contributions yielded positive data but were
based on case-control designs and density measures in vulnerable cortical areas [32,
33]. Thal et al. [10] also found that the proportion of cases with NT in hippocampal
subdivisions is higher among mildly demented cases, supporting a possible deleteri-
ous role of NT in cognition. More recently, Mitchell et al. [14] failed to identify a
relationship between NT burden in entorhinal cortex and memory dysfunction in
cases with various degrees of cognitive decline. The first stereologic data in this field
revealed that the cognitive impact of NT on the hippocampal formation is limited to
the CAL1 field and remains strictly mediated by their relationship to NFT. Consistent
with that previously reported with respect to NFT [28], total NT lengths were not
related to CDR scores in the entorhinal cortex. Univariate models revealed a mod-
est contribution of CA1 NT in dementia severity, yet this association did not persist
when NFT was considered as an additional dependent variable in multivariate mod-
els. This finding challenges the usefulness of assessing systematically NT burden at
least in routine neuropathologic settings.

Dendritic Spine Loss in Neocortex Independently Predicts Dementia

Using both a global neuropsychological measure (MMSE) and a dementia severity
scale (CDR), a recent study in 16 elderly individuals revealed that the loss of dendritic
spines in CAl field and area 9 has a strong negative impact on cognition [34]. This
overall observation agrees with several earlier and recent contributions stressing the
role of synapses in AD cognitive decline [16-19]. In particular, the univariate models
showed that total numbers of spinophilin-immunoreactive puncta in the CA1 field
and area 9 might explain more than 20 and 60% of MMSE variability. Unusually high
percentages of explained variability (18% for CA1 field and 42% for area 9) were also
obtained when the CDR score was used as a dependent variable.

However, the strong predictive value of spinophilin-immunoreactive puncta
counts in CA1 field did not persist when adjusting for Braak NFT staging in multi-
variate models, indicating that the cognitive repercussion of dendritic spine loss in
this area is strictly mediated by the global NFT burden. Our quantitative data also
confirmed this observation showing that, in terms of clinicopathologic correlations,
total NFT number is the main marker to consider in this area. Importantly, they also
show that the local depletion of pyramidal neurons and loss of spinophilin-immu-
noreactive puncta are independent phenomena which contribute separately to the
cognitive decline. A different pattern was present in area 9 where spinophilin-immu-
noreactive puncta numbers remained significantly associated with cognitive measures
after controlling for Braak NFT staging and explained an additional 17.5% of MMSE
variability and 15% of CDR variability. These results imply that neocortical but not
hippocampal dendritic spine loss may be an independent parameter to explore in AD
clinicopathologic correlations.
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Conclusions

The identification of relevant neuropathologic hallmarks of cognitive deterioration
should not mask the relative dissociation between clinical expression and tradition-
ally assessed AD pathology. In cases with pure AD pathology, more than 50% of CDR
variability cannot be explained by NFT, amyloid deposits and neuronal loss in the
hippocampal formation [28]. An attractive scenario for these cases would be that the
development of synaptic loss may be more closely related to cognitive impairment
than NFT formation and neuronal loss. However, the independent effect of synaptic
loss (at least with respect to postsynaptic elements) seems to be rather modest and
mostly confined to neocortical areas. Alternatively, neuropathologic parameters other
than lesions may determine cognitive performance. In this respect, the state of brain
microvessels is an attractive candidate since it is closely related to the adaptive capaci-
ties of the human brain. A recent stereologic analysis revealed that the mean microves-
sel diameters in entorhinal cortex and, to a lesser degree the CA1, were independent
predictors of cognitive status in very old individuals supporting further a direct role
of microvascular integrity in cognition [35]. Decreased microvessel diameters may
lead to impaired microcirculation within the hippocampal formation and thus pre-
vent adaptive responses to local changes in metabolic demands. Moving away from the
logic of a unique relationship between lesion development and loss of function, these
new data suggest that structural parameters that influence brain function such as the
state of cortical microvasculature may be an additional determinant of cognition.
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Abstract

Neuroimaging techniques, namely positron emission tomography (PET), single photon emission
computed tomography (SPECT), and magnetic resonance imaging (MRI) are increasingly used to
study mild cognitive impairment (MCIl) and its conversion to dementia, as well as early Alzheimer’s
disease (AD). Despite an important overlap of the various imaging parameter values between MCI,
early AD and controls, some markers may help clinical diagnosis in individual patients. For example,
the combination of significantly reduced hippocampal volume and brain hypometabolism in a MCI
patient establishes the anatomical and functional features seen in dementia. In association with
clinical information, the topographic localization of the hypometabolism will help to precise the
type of dementia. Functional brain activation studies using functional MRI and PET are not used for
clinical purpose, but they allow to determine the differences between control and pathological
states and thus to characterize the functional abnormalities specific to the disease. Finally, the use of
biomarkers of the neuropathological lesions constitutes the most promising tool to accurately diag-
nose MCl and early AD patients. Copyright © 2009 S. Karger AG, Basel

In his daily clinical practice, the physician has to identify those individuals present-
ing with some cognitive disturbance but with preserved abilities of daily living. These
subclinical cognitive disorders can indeed represent the earliest stage of dementia and
the diagnosis of mild cognitive impairment (MCI) may be proposed when fulfilling
required criteria [1]. Whether the patients present with memory only impairment or
other cognitive deficits, they are at risk to develop Alzheimer’s disease (AD) or other
type of dementia. However, not all of them will become demented and some can even
improve their cognitive status [2]. Therefore, when diagnosing MCI both the clini-
cian and the patient would like to also have a prognosis. Will the patient develop
dementia, and if so, which type of dementia? In the absence of curative treatment for



AD, there is nevertheless a major interest to delay the conversion of MCI to AD or the
evolution to more severe forms of the disease. Indeed, it has been demonstrated that
for comparable life expectancy, delaying the onset of AD will result in a reduction
of full-time care costs. Therefore MCI and early AD patients are becoming a poten-
tial drug target for new therapies based on neurobiological approaches. Although the
brain energy demand is abnormally reduced in early AD, it is possible to induce cere-
bral activation and thus to increase the cerebral blood flow or glucose metabolism.
This capacity of the brain to functionally respond at early stage of the disease makes a
treatment to delay or prevent further deteriorations possible.

Two main concerns arise from the above. First, the patients who will evolve
to dementia should be discriminated from those who will not. Second, the type
of dementia to which each individual patient will evolve should be determined.
In brief, it should be possible to better classify the MCI patients by detecting the
pathological landmarks of the disease responsible for the degenerative cognitive
impairment. Nevertheless, MCI prospective clinical cohort studies conducted to
determine the prevalence of this syndrome have shown variable results extending
between 5 and 24% [3, 4]. This variability has several reasons, but arbitrary chosen
neuropsychological tests and lack of consistent specific diagnosis criteria are the
main factors.

Data from neuropathological studies suggest that some MCI patients probably
already present the pathological landmarks of AD [5]. Yet, the clinician will not con-
sider the MCI patient as demented and the diagnosis of AD will be delayed until a full
dementia syndrome installs. Indeed, MCI spectrum is large and can indicate, or not,
a transitional phase between normal cognitive state and dementia. In many cases, the
differences between MCI and early AD are likely to be very subtle. Therefore extended
criteria are needed to improve both sensitivity and specificity of the diagnosis.

If cognition results from the dynamical coordination among specialized brain
areas, the disruption of anatomical connectivity by vascular or degenerative lesions in
dementia may result in some cognitive deficits. These lesions, as well as the resulting
functional impairment, may be detected using appropriate neuroimaging techniques.
Functional neuroimaging is currently rising great expectancy as a potential diagnosis
tool for AD [6]. The relevant question is whether functional imaging in MCI and in
early AD could detect the progressive dysfunction and the neuropathological changes
leading to dementia. Ideally, neuroimaging data should provide proofs of the func-
tional impairment as well as the topography, intensity and type of the lesions. Indeed,
a definite detection of the pathological substrate could theoretically confirm the diag-
nosis of AD or of other type of dementia.

Because of the diversity of available imaging techniques, several approaches are
possible, each one looking into particular aspects of the cerebral abnormalities causing
the cognitive impairment. By measuring the gray matter volume, structural magnetic
resonance imaging (MRI) allows to quantify the degree of brain atrophy caused by
degenerative neuronal loss. MRI spectroscopy measures biochemical changes related
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to neuronal function by measuring various brain metabolites. The N-acetyl-aspartate,
which marks the neuronal density, and the myoinositol, exploring glial activity, can
be measured among others. Besides, functional neuroimaging using positron emis-
sion tomography (PET), single photon emission tomography (SPECT) or functional
MRI, provides the opportunity to explore aspects of cognitive dysfunction and cere-
bral hypometabolism. Finally, the neuropathological lesions described in AD, namely
the senile plaques (SP) and the neurofibrillary tangles (NFT), can theoretically be
detected with appropriate PET or SPECT biomarkers.

However, to be useful to the diagnosis of MCI and early AD, the neuroimaging
parameters should present two important aspects, namely a good sensitivity with a
small interindividual variability of the data measured, and a good specificity with a
full characterization of the dementia type.

Regarding sensitivity, the neuroimaging parameter measured in healthy individu-
als should be, as much as possible, normally distributed, so that abnormal values can
be accurately detected in any individual patient. When there is a large variability of
the measure, inherent to the technique or to the data analysis, neuroimaging studies
will be useful to gain insight about particular aspects of the pathology under study
but not to categorize each patient in clinical routine. Repeating the study over time
within each individual can reduce the interindividual variability of the measure and
help to assess the evolution of the disease, but becomes expensive.

Regarding specificity, the neuroimaging parameter should delineate a specific fea-
ture which characterizes the neurodegenerative disease to which the MCI patient will
evolve. However, as will be discussed, while clinicians have to reach a decision for
each individual, most dementia imaging studies based on cohorts of patients show
considerable overlap of the measure between groups.

The measure of hippocampal volume with MRI is well standardized and relatively
simple for the experienced physician. Moreover, semiautomatic or automatic analy-
sis has been developed. Cerebral and hippocampal atrophy can occur several years
before a patient develops AD and is also present in preclinical AD [7]. Structural MRI
volumetric studies in MCI patients show that medial temporal atrophy is probably the
best predictor of the evolution to AD [8, 9] (fig. 1). However, this anatomical feature
is not specific to AD and can also be observed in other types of dementia. Moreover, it
is not established whether an individual patient with decreased hippocampal volume
will develop dementia or not. Although the values of hippocampal volume overlap
considerably among groups, detecting a significantly reduced hippocampal volume
in an individual MCI patient posits for the evolution to dementia. In other cortical
regions, volume measurement is hampered by the difficulty to unequivocally delimit
anatomical boundaries. Such limitation increases the interindividual variability of the
measure and strongly reduces its utility for the diagnosis of dementia.

In AD, but also in frontotemporal dementia, MRI spectroscopy studies have evi-
denced a decrease of N-acetyl-aspartate and an increase of myoinositol as a result of
reduced neuronal activity and glial proliferation [10]. In MCI patients the amount of
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Fig. 1. Structural magnetic resonance images in a control and an early AD patient. Coronal slices
show a reduction of hippocampal volume in AD (arrow).

metabolite changes are at midway between controls and AD patients [11]. These
results need further validation before the technique may be used for clinical purpose.

Functional MRI and PET activation studies have not yet proved their utility in the
diagnosis of MCI. Indeed, these techniques have inherent difficulties limiting their
realization and the interpretation of the data. In terms of realization, limitations refer
to the adaptation of the neuropsychological tests used for diagnosis to the experimen-
tal tasks of a neuroimaging protocol (e.g., patient lying still within an imaging device,
control of actual engagement in the task). The other important limitation concerns
the resolution of the signal amplitude. For example, the increase of oxyhemoglobin
MRI signal in activated regions does not exceed 2 or 3%, rapidly showing ceiling
effect. The increase of cerebral blood flow is larger with PET activation studies, but
the restriction in radiation dose limits task repetition and thus statistical power in
each individual. Functional MRI studies of MCI patients using memory tasks have
given variable results, some of them suggesting that there could be a compensatory
increase of hippocampal activation, while others have shown decreased activation in
this structure as well as in other regions implicated in AD [12, 13]. Activation stud-
ies are therefore useful for research purpose but are not used for clinical diagnosis of
MCI or dementia.

Brain glucose metabolism has been largely studied in AD and other types of demen-
tia using '®F-fluoro-2-deoxy-D-glucose (**F-FDG) and PET. Interestingly, in early AD,
the hippocampus has usually normal absolute glucose metabolism values in spite of
the perceptible neuronal loss. High-energy demand from compensatory dendritic
reactive outgrowth could contribute to maintain normal metabolic levels. But, with
the evolution of the disease, there is a progressive decrease of glucose metabolism as
shown by the negative correlation between age and hippocampus metabolism (fig. 2).
On the other side, patients with clear dementia symptoms present cerebral hypome-
tabolism within associative parietal areas, external temporal areas, precuneus, poste-
rior cingulate cortex, the dorsolateral frontal cortex becoming affected with disease
evolution [14]. This topography differs from frontotemporal dementia, in which the
frontal lobes and anterior temporal lobes are preferentially concerned [15] (fig. 3). The
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Fig. 2. Statistical parametric maps showing in the hippocampal formation of AD patients a signifi-
cant negative correlation between PET glucose metabolism and age of diagnosis. Although absolute
metabolism in the hippocampus is not significantly impaired at the beginning of the disease, it
decreases with disease progression.

hypometabolism, which persists after correction for brain atrophy, does not depend
on the degree of atrophy [16]. The high sensitivity and specificity of '*F-FDG PET
imaging to detect hypometabolism in confirmed AD patients prompted some authors
to investigate subjects at risk. The F-FDG results obtained from MCI cohort stud-
ies are encouraging, showing that as a group, the individuals at high risk to develop
AD present a significant reduction of glucose metabolism compared to controls [17].
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Fig. 3. PET imaging of glucose metabolism in a control subject, and two patients with AD and fron-
totemporal dementia. The topography of glucose hypometabolism clearly differs for the two
patients. In AD the posterior part of the brain is more affected, while in frontotemporal dementia the
frontal and anterior temporal lobes are preferentially concerned (arrows).

Therefore, although both sensitivity and specificity of the hypometabolism are lower
for MCI than for AD diagnosis, reduced metabolism detected with *F-FDG PET in an
MCI patient highly predicts the evolution to dementia [18].

PET molecular imaging using biomarkers constitutes a relatively recent aspect of
neuroimaging studies in dementia. Its principle is to use labeled compounds that bind
to characteristic AD lesions, namely the NFT and the SP. There are high expectations
on the use of biomarkers since they could theoretically facilitate the early definite
differential diagnosis between the dementia subtypes. Since a chapter of this book
is devoted to the biomarkers in dementia, only an overview of some concepts use-
ful for MCI diagnosis will be developed here. To be of real use for clinical diagnosis,
the biomarkers should have a particularly high specificity for the neuropathologi-
cal lesions, so that their binding pattern can differentiate the subtypes of dementia.
Two main biomarkers are presently under investigation, the PIB component and the
FDDNP [19]. The PIB binds preferentially to SP while the FDDNP binds to NFT, but
with less specificity [20, 21]. There are few FDDNP studies in MCI patients since the
discrimination power between controls and AD patients is lower for this compound
than for the PIB. In contrast, PIB studies in MCI patients are developing, delineating
two groups of patients: those with low PIB binding, similar to controls, and those
with high PIB binding, similar to AD patients [22]. Moreover, a follow-up study sug-
gests that MCI patients converting to AD have high level PIB binding [23]. However,
it is not yet clear whether the use of PIB will improve the diagnosis and prognosis of
MCI patients. Indeed, PIB binding has also been reported in controls without demen-
tia or MCI syndrome [24]. Moreover, it is unclear why patients with frontotemporal
dementia have increased PIB binding [25]. Two hypotheses can account for the find-
ings on PIB, one related to the physiopathology and the other to the characteristics
of PIB binding. First, in normal aging, cognitively normal individuals may present
cerebral SP without developing AD. Second, PIB has been reported to bind not only
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to amyloid rich SP and to a lesser degree to NFT, but also to diffuse plaques as well
as amyloid lesions in cerebrovascular amyloid angiopathy [26]. In addition, intrigu-
ingly, while SP extend and glucose metabolism decreases with disease severity, the
amount of PIB binding does not seem to increase with evolution. On the other side of
the spectrum, although less frequent, patients fulfilling the criteria for AD can pres-
ent normal levels of PIB binding [27]. Another particular aspect of PIB is that in
AD, it binds preferentially to the frontal cortex and striatum, although the SP are less
abundant and the glucose metabolism is more preserved in these regions, at least
at disease onset. It could be hypothesized that PIB additionally detects non-specific
brain inflammation, or that the SP are not correlated to cognitive dysfunction in AD,
in contrast to the NFT [28]. Another hypothesis could be that brain atrophy, more
prominent in temporal and parietal associative regions, is responsible for the detec-
tion of a poorer PIB signal. Further studies are clearly needed to fully assess the sig-
nificance of PIB binding in MCI, and the rate of false positive and false negative PIB
scans. Furthermore, and since therapeutic research focuses on methods to stop the
development of the abnormal tau protein, it would be essential to have a biomarker
with high affinity for the NFT, the FDDNP compound not appearing as a good candi-
date because of its low specificity.

In parallel to the PET studies with biomarkers, efforts are made to visualize SP
with MRI. In transgenic mice models developing cortical plaques, the MRI technique
detects the plaques as areas of low signal [29]. While preliminary results are promis-
ing, more data must be acquired before applying the method to MCI and early AD
patients.

Finally, indirect approaches focus on the detection of changes in serotonin or
other neurotransmitter receptors as a result of cell death in hippocampus and ento-
rhinal cortex. The density of serotonin receptors has been shown to increase in MCI
as opposed to AD patients (upregulation), suggesting that compensatory mechanisms
may exist at early stages of the degenerative process [30].

In conclusion, research efforts are needed to identify biomarkers with high speci-
ficity for each lesion type. With such biomarkers, the concept of MCI syndrome will
be more restricted, since an accurate demonstration of the lesions would definitely
posit the diagnosis of dementia.
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Abstract
Electroencephalography (EEG) is an easily accessible and low-cost modality that might prove to be a
particularly powerful tool for the identification of subtle functional changes preceding structural or
metabolic deficits in progressive mild cognitive impairment (PMCI). Most previous contributions in
this field assessed quantitative EEG differences between healthy controls, MCl and Alzheimer’s dis-
ease (AD) cases leading to contradictory data. In terms of MCl conversion to AD, certain longitudinal
studies proposed various quantitative EEG parameters for an a priori distinction between PMCI and
stable MCI. However, cross-sectional comparisons revealed a substantial overlap in these parameters
between MCI patients and elderly controls. Methodological differences including variable clinical
definition of MCI cases and substantial interindividual differences within the MCI group could partly
explain these discrepancies. Most importantly, EEG measurements without cognitive demand in both
cross-sectional and longitudinal designs have demonstrated limited sensitivity and generally do not
produce significant group differences in spectral EEG parameters. Since the evolution of AD is charac-
terized by the progressive loss of functional connectivity within neocortical association areas, event-
modulated EEG dynamic analysis which makes it possible to investigate the functional activation of
neocortical circuits may represent a more sensitive method to identify early alterations of neuronal
networks predictive of AD development among MCI cases. The present review summarizes clinically
significant results of EEG activation studies in this field and discusses future perspectives of research
aiming to reach an early and individual prediction of cognitive decline in healthy elderly controls.
Copyright © 2009 S. Karger AG, Basel

Predicting Cognitive Decline in Mild Cognitive Impairment:
Evolution of the Concepts and New Challenges

The marked progress of pharmacological treatments as well as the first data supporting
a future curative treatment based on vaccination against Af protein aroused increasing



interest about the early identification of individuals at risk of developing Alzheimer’s
disease (AD). Although mild cognitive impairment (MCI) is considered a transitional
stage in the pathogenesis of AD, not all MCI patients progress to clinically defined AD
or decline at identical rates [for review, see 1]. In recent years, numerous neuroimaging
studies addressed the issue of a biological predictive marker of further cognitive deterio-
ration in MCI with conflicting data. Most of them were based on structural, metabolic or
cerebral blood flow data in cross-sectional and longitudinal designs and focused on the
progressive damage of hippocampal formation. Besides classical methodological limita-
tions (number of cases, interindividual variability, epidemiological versus clinical sam-
pling strategies), there are several conceptual problems that should be taken into account
when attempting an early prediction of MCI conversion to dementia. First, MCI is a
highly heterogeneous condition that includes three clinical subtypes (amnestic, multiple
impaired cognitive domains, single nonmemory domain [2]). Second, the definition
of conversion in terms of dichotomic outcome at a precise endpoint is not necessarily
appropriate since patients who do not convert during the follow-up period include both
patients who may convert later and patients who may never convert. Most importantly,
the notion of early biological diagnosis has been profoundly changed during the last
years after the identification of functional compensation phenomena in MCI. Most early
studies in this field focused on functions subserved by the hippocampal formation that
is known to be compromised very early in the course of the degenerative process [for
review, see 3]. Recent studies demonstrated that MCI cases (but also high functioning
elderly controls, EC) are able to compensate for the initial functional deficits by activat-
ing alternative cortical circuits in order to achieve correct execution of cognitive tasks [4,
5]. In particular, previous studies showed an age-related decrease in the responsiveness
of parietal cortices during the successful performance of verbal, visual and spatial work-
ing memory tasks with a parallel recruitment of anterior frontal, cingulate and temporal
cortices in normal brain aging [6, 7]. These changes might reflect brain efforts to coun-
teract neurocognitive decline (compensation hypothesis). Using functional imaging, it
has also been shown that high- but not low-performing elderly individuals may com-
pensate for the age-related neural decline of parietal areas during working memory tasks,
through the activation of distinct neurocognitive networks within prefrontal and limbic
areas [6]. More recently, in their functional magnetic resonance imaging (fMRI) studies,
Bodke et al. [8] and Yetkin et al. [9] also described functional compensation during face
matching and working memory activation in MCI subjects. These observations suggest
that the development of compensatory mechanisms takes place early in normal brain
aging and may at least partly account for the metabolic differences observed between
MCI and controls but also between MCI converters and nonconverters. With respect to
pharmacological findings, two studies correlated levels of hippocampal choline acetyl-
transferase (ChAT) activity with the extent of AD lesions in control, MCI, and AD cases
[10]. In contrast to that originally expected, MCI subjects presented with increased hip-
pocampal ChAT activity and did not respond to the classic substitution therapy based on
acetylcholinesterase inhibitors. This elevation was no longer present in mild AD cases,
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which were not different from controls. Severe AD cases showed markedly depleted hip-
pocampal ChAT levels. Based on these observations, the authors postulated that cho-
linergic changes in the hippocampus of MCI subjects reflect a compensatory response
to the progressive denervation of the hippocampus by lost entorhinal cortex input. It is
thus likely that the earliest sign of subsequent cognitive decline is the functional break-
down of this compensation mainly in neocortical areas. Identifying functional changes
in corticocortical circuits in MCI may thus allow to test in a near future the pertinence of
predictive markers in cognitively intact individuals. Lastly, the use of simple and widely
available imaging modalities is a key point in the identification of predictive markers of
cognitive decline. Although clearly useful in research settings, PET and SPECT modali-
ties show low temporal resolution (not necessarily compatible with the speed of func-
tional compensation phenomena) and are thought to be invasive and not well accepted
by elderly individuals. Despite its relevance for studying functional compensation phe-
nomena, fMRI is rarely available in clinical settings.

The Role of Quantitative Electroencephalography

Electroencephalography (EEG) might be a powerful and simple tool for the identifica-
tion of predictive markers of cognitive deterioration in MCI since it can investigate the
rapid and multistage cognitive functions that are affected early in neurodegenerative
processes with a high temporal resolution. Several previous EEG studies that focused on
quantitative differences between healthy controls, MCI and AD cases led to conflicting
results [11-16]. Early contributions reported altered theta-band relative power under
rest conditions in AD compared to intellectually preserved individuals [17, 18], yet
these observations have been later challenged [13, 16]. In follow-up studies of patients
with mild AD or MCI, quantitative electroencephalographic data are predictive of fur-
ther cognitive decline, yet the selected EEG parameters were highly variable. Among
them, slow wave excess in the initial evaluation, decreased alpha and increased theta
relative power and mean frequency in the left temporo-occipital region, and antero-
posterior localization of alpha sources are the more consistent predictors of cognitive
decline [14, 15]. However, cross-sectional comparisons revealed a substantial overlap
in these parameters between MCI cases and EC raising doubts about their validity in
routine clinical settings [12]. In particular, the limited sensitivity of these EEG analyses
and absence of significant group differences in spectral EEG parameters [19] emphasize
the necessity to use a cognitive activation design in such EEG investigations.

Electroencephalography Activation Studies
Since the evolution of AD is characterized by the progressive loss of functional

connectivity within neocortical association areas, event-modulated EEG dynamic
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Table 1. Distinction between PMCI and SMCI cases based on the three working memory load-
dependent EEG hallmarks

Sensitivity Specificity Correctly classified
Pr(+| D) Pr(-|~D)

P200 latency (frontal site) 0.88 0.77 82.8%

N200 latency (frontal site) 0.75 0.69 72.4%

log% beta ERS (electrode P4) 0.56 0.69 62.1%

EEG signals combined 0.94 0.85 89.7%

analysis that makes it possible to investigate the functional activation of neocorti-
cal circuits, may represent a more sensitive method to identify early alterations of
neuronal networks predictive of AD development among MCI cases. In fact, recent
analyses identified changes of early endogenous event-related potentials and high
beta frequency band reactivity in MCI or AD cases [3, 20]. In a very recent study
attempting to investigate the usefulness of individual EEG activation parameters in
the prediction of rapid cognitive decline in MCI, Missonnier et al. [21] focused on the
analysis of three simple EEG parameters during the activation of working memory.
They assessed P200 and N200 latencies as well as beta event-related synchronization
(ERS) in 16 EC, 29 MCI cases and 10 patients with AD during the successful perfor-
mance of a pure attentional detection task as compared to a highly working memory-
demanding 2-back task. At 1-year follow-up, 16 MCI patients showed progressive
cognitive decline (PMCI) and 13 remained stable (SMCI). Both P200 and N200 laten-
cies in the 2-back task were longer in PMCI and AD cases compared to EC and SMCI
cases. During the 1,000- to 1,700-ms interval after stimulus, beta ERS at parietal elec-
trodes was of lower amplitude in PMCI and AD compared to EC and SMCI cases.
Univariate models showed that P200, N200 and beta values were significantly related
to the SMCI/PMCI distinction with areas under the receiver operating characteristic
curve 0f 0.93, 0.78 and 0.72, respectively. The combination of all three EEG hallmarks
was the stronger predictor of MCI deterioration with 90% of correctly classified MCI
cases (table 1).

From a clinical viewpoint, the fact that PMCI cases behave as AD cases with respect
to P200 and N200 latencies is a crucial step before using these individual EEG param-
eters in order to predict MCI conversion to AD. From a cognitive viewpoint and in
agreement with recent functional imaging data [22, 23], this observation implies an
impaired activation of the parietal generators involved in retrieval and storage phases
of working memory activation in PMCI and AD. The sensitivity of high-frequency
EEG oscillations to rapid cognitive decline is consistent with recent results from other
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EEG and magnetoencephalography studies showing reduced beta reactivity in MCI
and AD subjects as compared to elderly healthy controls in a working memory task
[20]. The exact neurophysiological significance of this finding remains, however, a
matter of debate. Recent lines of evidence indicated that synchronization of activities
in high-frequency ranges may reflect the selective association of neurons distributed
into functional groups [24]. In particular, beta ERS is known to increase during the
retention period in a wide variety of active memory paradigms [25, 26]. The occur-
rence of beta ERS increase after the reaction time needed to compare incoming item
and memory buffer suggests that it could be related to the active maintenance of new
items for further task requirements [27]. Furthermore, the parietal location of beta
energy observed in the present series is compatible with neuroimaging data showing
that parietal areas are bilaterally engaged in storing verbal information in working
memory [28]. Consistent with the previously described event-related potential find-
ings, these observations provide additional evidence supporting the presence of early
alterations of parietal generators involved in active maintenance of memory material
for further task demands in PMCI and AD cases. The fact that PMCI and AD patients
successfully completed the tasks despite these electrophysiological deficits indicates
probable compensatory activation of additional cerebral areas. Accordingly, recent
data suggest that high working memory performance can be maintained through the
recruitment of alternative cortical networks even in the presence of early brain activa-
tion deficits in MCI [9].

New Perspectives

Despite the impressive progress with respect to the use of EEG as a tool for identifi-
cation of early cortical dysfunctions in MCI groups, an individual prediction is still
impossible. Inclusion of additional EEG markers may be a plausible strategy to ame-
liorate their predictive value in this context. However, one should keep in mind that
the complexity of this approach should not obscure the main advantage of EEG that
resides in its simple use in clinical settings. The choice of additional EEG marker is
of particular relevance for activation studies. Although MCI has been initially con-
ceptualized as a memory-related condition, the current theoretical models point to
its heterogeneity related to the presence of several additional subtle cognitive deficits
in this condition. Very recently, two studies attempted to identify early changes in
the function of attentional circuits in MCI. The conceptual interest of their design
resides in the focus on biological changes rather than overt cognitive deficits. In their
fMRI study, Dannhauser et al. [29] reported early changes in the activation of dor-
solateral prefrontal cortex in amnestic MCI cases during the successful performance
of a divided attention paradigm (dual task). In line with the concept of functional
compensation already described in MCI, these results suggested that the recruitment
of alternative cortical circuits might allow for keeping high cognitive performance
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despite the presence of early deficits in brain activation. Within the same theoretical
framework, Rosano et al. [4] analyzed by fMRI the activation of neocortical areas
during the successful performance on the Preparing to Overcome Prepotency task,
a classical executive control task. They reported that in contrast to EC that preferen-
tially activated dorsolateral prefrontal and anterior cingulate cortex, MCI cases acti-
vated the posterior parietal cortex in the context of a compensatory reallocation of
cognitive resources. The authors suggested that this preferential activation of the pos-
terior parietal cortex represents the first line of defense in order to keep stable perfor-
mances in MCI. Unfortunately, the cross-sectional design of the study did not allow
us to draw conclusions about the significance of posterior parietal cortex activation
as a possible predictive marker of further cognitive decline. Future EEG activation
studies exploring the brain reactivity during the performance of attentional/executive
function tests may lead to the identification of new predictive markers corresponding
to MCI subgroups.

The second theoretical issue concerns the prediction of cognitive decline in nor-
mal elderly individuals. Following the well-established idea that individuals with
MCI compensate via the activation of alternative cortical circuits the presence of an
already substantial biological compromise, one can reasonably doubt about the use-
fulness of future curative strategies in this population. From this point of view, the
identification of EEG markers able to predict cognitive deterioration in the entorhi-
nal cortex is a key step towards the establishment of effective interventions or pre-
ventive strategies at the earliest possible time. To date, there is only one prospective
study of normal elders with subjective complaints indicating that quantitative EEG
data such as increase in theta power, slowing of mean frequency and decreased coher-
ence between the right central and posterior regions at baseline may accurately pre-
dict future cognitive decline during 7- to 9-year follow-up [30]. Replication of these
findings and additional longitudinal data regarding EEG activation parameters may
provide future tools for an appropriate screening of normal elderly individuals prone
to develop cognitive decline. However, a wide application of an EEG-based screening
for trait markers of future deterioration in old age presents several problems. First,
the number of decliners may be to low to obtain significant results especially in short
follow-up periods. Second, although conceptually more appropriate, long follow-up
in limited series might lead to positive data that reflect selection biases without real
biological significance (i.e. it is difficult to establish a clear relationship between EEG
patterns at baseline and MCl-related structural and functional changes after one
decade). To address this problem, two strategies may be considered. The first impli-
cates the performance of long-term follow-up in large community-based series that
guarantee a sufficient number of decliners and absence (or at least relative rarity) of
selection biases. Alternatively, one could isolate subsamples of normal elderly people
carrying risk factors for dementia based on their genetic and biochemical profile.
After this initial screening, EEG parameters at baseline may have greater chance to be
predictive of cognitive decline even during a short-term follow-up. In this respect, a
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recent multicentric EEG study revealed an association between the presence of the e4
allele of apolipoprotein E and amplitude of alpha 1 and 2 sources in limbic areas, fur-
ther stressing the interest of genotype-EEG phenotype studies in the early prediction
of AD [31]. Keeping in mind that EEG analysis represents an objective, cost-effective,
culture-fair, noninvasive evaluation method, the combination of these two strategies
may provide us in a near future with new sensitive tools for the identification of indi-
viduals at high risk for dementia among cognitively intact elders. Should this first
step be successful, one could oversee later on an EEG-based individual prediction of

dementia risk.
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Abstract

Alzheimer’s disease (AD) is a complex disease characterized by a whole cascade of pathological
events. During the last 100 years, the role of amyloid in the development of AD has been the focus of
major research. Today there is hope that amyloid imaging may help in the early detection of the
disease and be used for evaluating new drug therapies including neuroprotective and preventive
therapies in AD. The rapid development of the molecular imaging techniques now allows in vivo
imaging not only of brain functional activity such as cerebral blood flow, cerebral glucose metabo-
lism and neurotransmitter activity, and receptor density, but also pathological processes such as
amyloid plaques and microglial activation in AD. Several positron emission tomography amyloid
imaging ligands have recently been developed and tested in AD patients. High amyloid content can
be detected in vivo by positron emission tomography in prodromal AD preceding the impairment of
functional activity like cerebral glucose metabolism, and reduction in cholinergic activity, which are
likely to follow the course of cognitive impairment. Copyright © 2009 S. Karger AG, Basel

Since their description in Alois Alzheimer’s classical paper ‘Uber eine eigenartige
Erkrankung der Hirnrinde’ in 1907, the presence of senile plaques and neurofibrillary
tangles has been considered as the classical neuropathological hallmark of Alzheimer’s
disease (AD). B-Amyloid (AB) appears to deposit in the brain earlier in the course
of the disease than the appearance of neurofibrillary tangles, which seem to be more
closely related to impairment in neurotransmission. Whether amyloid is the primary
cause of AD has however not yet been proven. It is nonetheless quite apparent that a
whole cascade of events is triggered in the brain following the appearance of abnor-
mal levels of amyloid in brain [1, 2]. A complicating factor for the understanding
of the AR pathology is the existence of multiple forms of AR from monomers and
oligomers to fibrils forming the insoluble amyloid plaques. The positive news is that
we can measure amyloid plaques in vivo by imaging the brain of AD patients [3].
The oligomers in the brain might be more toxic than the amyloid plaques, triggering



synaptic failure and inducing inflammatory processes [4], and today it is still impos-
sible to measure oligomers in the brain of living patients perhaps due to quite low
concentrations and higher solubility.

There has been a rapid development in both structural and functional imaging,
allowing in vivo measurement of brain disturbances in AD patients. Structural imag-
ing technologies such as computed tomography and magnetic resonance imaging pro-
vide important information about brain structures for the diagnosis of dementia, while
an insight into brain functional activity has been provided by single photon emission
tomography and especially positron emission tomography (PET). Changes in cere-
bral blood flow and cerebral glucose metabolism have been demonstrated in AD and
patients with mild cognitive impairment (MCI) [5, 6]. New molecular imaging tracers
for imaging of various pathological processes will provide a deeper insight into various
molecular processes that are ongoing in AD. By developing surrogate markers in AD,
they can be used as early diagnostic tools as well as in the evaluation of new therapeu-
tic treatments. Table 1 illustrates tracers used for molecular imaging studies visualizing
different pathological processes and neurotransmitter functions in AD.

Neurochemical Imaging of Cholinergic Neurotransmission in Alzheimer’s Disease

AD is characterized by changes in neurotransmitter functions that seem to correlate
with impairment in the cognitive function typical for the disease. The prominent role
of the cholinergic system in cognitive functions and AD has contributed to the devel-
opment of PET tracers for measurement of the enzyme acetylcholinesterase (AChE)
as well as ligands for muscarinic and nicotinic receptors (7, 8].

AChE activity in AD brains has been mapped by PET and the radiolabeled ace-
tylcholine analogues, N-[''C]-methyl-piperidine-4-yl-propionate (!'C-PMP) and
N-["'C]-methyl-piperidine-4-yl-acetate ("'C-MP4A) [9]. A lower AChE activity has
been measured in cortical brain regions of MCI patients who later converted to AD
[10]. A higher AChE activity has been measured using ''C-MP4A and PET in ApoE
€4 carriers compared to ApoE &4 noncarriers [11]. A significant correlation between
attention tests such as digit span and cortical AChE activity, measured by '"C-PMP,
has been described in AD patients [12]. Furthermore, a significant positive correla-
tion was observed between the degree of AChE inhibition and improvement in digit
span test in mild AD patients treated with galantamine for 12 months [13].

There is a loss of nicotinic receptors in the brain of AD patients. PET studies using
"'C-nicotine have demonstrated that the loss in ''C-nicotine binding significantly cor-
relates with cognition, as measured by Mini-Mental State Examination [14]. Recently,
Kadir et al. [15] showed a significant correlation between 'C-nicotine binding in
the frontal and parietal cortices and the results of attention test such as digit sym-
bol and trail making test. A positive correlation was also found between increase in
"'C-nicotine binding and improvement in digit span test following long-term treatment
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Table 1. Tracers used for molecular imaging

Neurotransmission

Imaging tracers

Cholinergic system
Nicotinic receptors
Muscarinic receptors
AChE

"C-nicotine, '8F-A855380
""C-NMPB
"C-PMP, '"C-MP4A

Serotonergic system
Serotonin receptors

5HT, 11C-WAY, '"C-MPFF
5HT,a "C-altanserin
Dopaminergic system
Dopamine D2 receptors "C-raclopride
DOPA transporter MC-FP-CIT
DOPA decarboxylation '8F-fluorodopa
GABA system
GABA receptors C-flumazenil
Amyloid plaques 8F-FDNNP
C-PIB
C-SB13
8F-BF-227
18F-BAY94-9172
18F-AV-144
Microglial activation C-PK-11195
Astrocytes C-Deprenyl

with rivastigmine and galantamine [15, 16]. Molecular imaging of AChE activity and
"'C-nicotine binding have thus revealed changes during cholinesterase inhibitor treat-
ment corresponding to the measured outcome in cognitive performance as attention
tests in AD patients. It will probably be necessary in the future of drug development to
focus more on molecular imaging studies than solely on large clinical trials with cogni-
tive tests as outcome measures for new drug identification in AD.

Amyloid Imaging in Alzheimer’s Disease
The development of plaque-binding compounds started 15 years ago by testing

whether monoclonal antibodies against AR as well as peptide fragments could be
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Fig. 1. a Amyloid load in large cortical brain regions of an AD patient as measured with ''C-PIB and
PET. b Similar studies performed in an age-matched healthy control show low PIB retention in brain.
The color scales correspond to red = high, yellow = moderate, green = low, blue = very low. Photos
from Uppsala PET Centre/Imanet and Karolinska University Hospital Huddinge.

used for imaging amyloid in brain [3]. These attempts failed due to the poor penetra-
tions of the tracer ligands into the brain. More promising were the strategies of using
small radiolabeled analogues of Congo red, chrysamine-G, and thioflavin applicable
to single photon emission tomography and PET [3]. Table 1 illustrates the different
1C and "*F compounds that have been used so far for amyloid imaging in AD. Figure
1 shows high amyloid load in AD brain compared to control as measured by ''C-PIB
and PET.

"8E-FDDNP was the first amyloid ligand studied in AD patients in 2002 [17] fol-
lowed by '""C-PIB in 2004 [18]. Opposite to ''C-PIB, ¥ F-FDDNP was reported to
bind also to neurofibrillary tangles in the brain [19]. The first ''C-PIB studies were
performed in a group of Swedish mild AD patients showing significantly higher PIB
retention in the frontal, temporal, parietal, and occipital cortices and the striatum
(1.9-1.5 times differences) compared to healthy controls [18]. The retention of 'C-
PIB was low and comparable in the pons and cerebellum of AD patients and healthy
controls [18]. These observations with ''C-PIB [18] have later been confirmed by
several research groups [for review, see 20]. It is estimated that more than 2,000 sub-
jects now have been scanned with the PIB PET amyloid imaging ligand worldwide
[Klunk, pers. commun.]. Studies have now also been performed with other amyloid
ligands such as ''C-SB-13 [21], 8F-BF-227 [22], and 'F-BAY94-9172 [23]. 'F-BF-
227 appears to be somewhat more sensitive in the later stage of disease [22]. Rowe et
al. [23] concluded when comparing *F-BAY94-9172 with 'C-PIB that '*F-BAY94-
9172 showed 57% higher binding in the cortex of AD patients compared to healthy
controls, whereas 'C-PIB showed 70% higher binding in AD cortex compared to

50 Nordberg



healthy controls [23]. The labeling with ®F compared to ''C may have some advan-
tage allowing a broader clinical application of the amyloid tracers.

A 2-year follow-up study with PIB showed no significant change in PIB retention
compared to baseline despite that all AD patients showed a decline in cerebral glucose
metabolism and some of the patients a measurable reduction in cognitive function of
more than 3 points in Mini-Mental State Examination at follow-up period [24]. The
unchanged PIB retention on 2-year follow-up scans suggests a different time course
for amyloid load in comparison to changes in functional activity in the brain.

MCI is considered as a transitional state between normal aging and AD. High ''C-
PIB retention has been demonstrated in MCI patients compared to healthy controls
and some MCI patients show as high PIB retention as AD patients [25]. A significant
negative correlation has been observed between cortical 'C-PIB retention and AB,_,,
levels in cerebrospinal fluid (CSF), and a positive correlation between 'C-PIB reten-
tion and CSF tau in MCI patients [25]. The findings suggest that amyloid imaging
with 'C-PIB in addition to CSF biomarkers may allow early detection of prodromal
AD.

Brain Amyloid Imaging and Cognition

It is well established from several studies in autopsy brain tissue from AD patients
that the amount of amyloid plaque pathology appears to correlate less with cognitive
function than neurofibrillary tangles and neurotransmitter activity. So far, the in vivo
amyloid imaging studies have shown a negative correlation between episodic mem-
ory test score and cortical ''C-PIB retention in MCI and AD patients [24-26]. Pike et
al. [26] found a strong correlation between episodic memory and ''C-PIB binding for
MCI patients, while the same correlation was weak for AD patients [26], which again
emphasizes the differences in time-course that might exist between amyloid load in
the brain and impairment of functional brain activity in AD.

The presence of amyloid plaques has been reported at autopsy in the cerebral
cortex of cognitive normal older subjects and positive ‘amyloid signal’ has also been
observed with ''C-PIB [20, 27, 28], as well as with 8 F-BAY94-9172 [23]. It is estimated
that the amyloid might be present in 30% of normal elderly subjects [28]. Whether
these normal elderly subjects will develop in AD later on has yet to be systematically
investigated, and it is necessary to find other factors with a possible preventive effect.

Amyloid Imaging and Anti-Amyloid Therapy
At present, there is a great focus on the development of different drugs interact-

ing with the amyloid processes in AD including APP (amyloid precursor protein)
processing, A3 aggregation and elimination. Different targets include inhibition of
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B- and y-secretases or modulation of y-secretase, inhibition of A fibrillation, reduc-
ing AB accumulation, and increasing removal of AP plaques. Different active and
passive immunization therapies are ongoing worldwide in AD patients. In vivo amy-
loid imaging prior and following immunization therapy would therefore preferably
be performed in treated AD patients in order to verify the reduction in amyloid in
patients after immunization.

Phenserine, an inhibitor of the formation of BAPP in addition to its cholinesterase
inhibitor effect is probably the first drug where the effect on ''C-PIB retentions has
been followed during 6 months’ treatment of mild AD patients [29]. The obtained
data suggest that phenserine treatment can influence both the amyloid content in the
brain as well as in CSF together with an improvement in cognition [29]. Further PET
amyloid studies will provide a deeper understanding of the underlying mechanisms
for antiamyloid therapy.

Imaging of Microglial Activation

Studies with PET ligands such as ''C-PK-11195 as markers for microglial activation
in the brain have shown higher binding in AD patients compared to age-matched
healthy controls as a sign for microglia activation in different parts of the AD brain
[30]. Further studies are needed to investigate the relationship between microglial
activation and amyloid load decrease in cerebral glucose metabolism and cognition.
It will also be important to study these nonneuronal cell processes following amyloid
immunization therapies.
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Abstract
Alzheimer’s disease is a neurodegenerative disease characterized by senile plaques, neurofibrillary
tangles, synaptic loss, neuronal death and cholinergic deficits, causing cognitive, behavioral and
psychological deficits, as well as a functional impairment that results in serious caregiver distress and
a great economic burden worldwide. High hopes rose with the development of symptomatic treat-
ments, resulting from randomized controlled trials using cholinergic enhancers or cholinesterase
inhibitors, such as donepezil, galantamine and rivastigmine. When memantine, an NMDA antago-
nist, was approved and the first phase lll antiamyloid immunization was launched, many clinicians
eagerly anticipated the first disease-modifying drugs in their daily practice. For the treatment of
behavioral and psychological symptoms of dementia (BPSD), atypical antipsychotics and new-gen-
eration antidepressants also seemed to offer great promises, mainly because of their good tolerance
and side effect profiles. Hopes, however, were followed by desillusions: subsequent studies demon-
strated that cholinesterase inhibitors and memantine had only modest and short-lived effects on
cognition and BPSD, and the effect of antipsychotics on BPSD appeared questionable. Disease-
modifying drugs such as antiamyloid immunization or amyloid clearance medication had to be
abandoned for safety reasons or absence of efficacy. Although the early treatment of vascular risk
factors is increasingly recognized in Alzheimer’s disease prevention because of their implication in
the amyloid cascade, randomized controlled trials have yielded largely negative results. Therefore,
pharmacological as well as fundamental research that better underpins the complex pathophysiol-
ogy of this devastating disease constitutes one of the biggest challenges of the 21st century.
Copyright © 2009 S. Karger AG, Basel

Alzheimer’s disease (AD) is clinically defined as an impairment in memory, as well as
in a second cognitive domain, resulting in significant functional decline as assessed
with measures of instrumental and basic activities of daily living (ADL) [1]. Various
neuropsychological instruments ranging from brief bedside mental state screening
scales to extensive neuropsychological batteries have been developed to diagnose, fol-
low-up and/or compare patients under medication. In trials of AD treatments, most



federal regulations require two outcome criteria in order to demonstrate the clinical
relevance of the drug-placebo difference, namely improvement of the core cognitive
deficit (usually assessed with the ADAS-cog) and improvement of a global or func-
tional measure. In the past decade, neuropsychiatric or behavioral and psychological
symptoms in dementia (BPSD) have been increasingly recognized as part of the dis-
ease [for review, see 2]. BPSD such as depression, anxiety, apathy, delusions, agitation
and aggression are common in AD, frequently occur in combination, are demanding
for caregivers and lead to nursing home placement. Often, however, these symptoms
do not meet the criteria for diagnosis of the same phenomenological symptoms con-
sistent with psychiatric diseases. Therefore, important psychotropic drugs approved
for psychiatric diseases have not been tested and are usually not approved for BPSD
in AD by most countries.

Using the results from systematic meta-analyses, reviews, main randomized
controlled trials (RCTs) and expert opinions, we review treatments that were very
promising when they were introduced, but that have been challenged more recently,
sometimes even showing null effects in RCTs. The current main treatments are dis-
cussed from the primary care physicians’ (PCPs) perspective, since physicians repre-
sent key figures in AD care in most countries. This review will present our hopes and
illusions and give some practical recommendations on treatments that may alleviate
cognitive and noncognitive symptoms of this devastating disease.

See Practical Recommendations, and table 1 for main drug treatment dosage.

Practical Recommendations

When and how to refer to a specialist or a memory clinic is a crucial question for PCPs and
depends on many different factors, such as the expertise of the PCP, availability of specialists
and, in several countries, federal regulations (i.e. some specifically require certain treatments
to be prescribed by specialists only). Referring all patients with dementia would not be cost
effective and specialists might get overbooked rapidly. Generally, the main reasons for referral
are early dementia in professionally active persons (when it is ruled out that the symptoms
are caused by normal aging, depression or anxiety), young-onset dementia, the presence of
strong family history, and non-AD dementias. The classical red flags for non-AD dementia
are early behavioral symptoms, such as disinhibition, profound apathy, hallucinations,
neurological signs such as parkinsonism, cerebellar indications, gait problems and focal
deficits or neuroimaging findings, such as abnormal T2 hyperintensities, focal atrophy, or
normal pressure hydrocephalus suspicion. Other reasons for referral may be second opinion,
little or no response to cholinesterase inhibitors (ChEIns) or memantine, unusual side effects,
or difficult neuropsychiatric symptoms.

Cholinesterase Inhibitors

Apart from neurofibrillary tangles, senile plaque formation, and neuronal and syn-
aptic loss, a profound reduction in cholinergic neurotransmission, secondary to
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Table 1. Current medications used in AD

Indication Starting Maintenance Main side-effects Remarks Future
dose dose (daily)  (SE) directions
ChElns Donepezil Mild to 5mg 10mggs Gastrointestinal Efficacy Head-to-head
moderate qs (increased (GI) appears similar comparisons
stage after 4 weeks) Bradycardia, heart and choice
block mainly depends | Better define
on PCP responders
Galantamine 8mg 16 (24) mg gs Same as above experience and vs.
as after 4 (8) patient nonresponders
(with weeks tolerance
meals)
Rivastigmine 1.5mg Increase in Same as above, Gl MC: no but
bid 2nd week 3 more marked con.sensus Y
. X a trial of
(with mg daily X
: donepezil
meals) increment
could be
Patch Low dosage Gl less prominent proposed
5-10 for 4 weeks than with capsule
(20in then increase
the US)
Anti-NMDA Memantine Moderate 10-20 4-week Dizziness, Easier titration Comparisons
blockers to severe titration confusion, (two steps) and with ChElns
stage 10 mg bid drowsiness, once-daily
hallucinations possible
Rapid switch
from ChElns
possible
Might be
beneficial in
agitation
Antipsychotics Conventional: Extreme 0.5mg 0.5-1mg High sedation If BPSD More
Haloperidol (H), | agitation im (try to avoid) Extrapyramidal (psychosis, comparisons
Thioridazine, Acute symptoms agitation) are with
Chlorpromazine | psychosis QT prolongation modest, try first | atypical
with ChElIns or antipsychotics
Olanzapine (O) Delusions 2.5mg 2.5-5mg Same as above memantine More head-to-
Agitation Fewer Him if extreme | head
Risperidone (R 0.5m 0.5-Tm f
P R 9 9 extrapyramidal agitation and comparisons
Quietapine (Q) 12.5- 25-150 mg sympt.oms for very short New agents
25mg especially forQand | periods with better SE
gs c QorCif profile
extrapyramidal
signs are
present before
C: Agranulocytosis treatment
C: monitor
Clozapine (C) 125 25-100 mg leukocytes
mg gs
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Table 1. Continued

Indication Starting Maintenance Main side-effects Remarks Future
dose dose (daily)  (SE) directions
Antidepressants Citalopram Depression 10-20 20-40 mg gs Agitation, tremor,
Agitation mg anorexia, nausea,
) drowsiness
Sertraline Particularly | °0™M9g 5(_) (100) mg More rarely
with bid serotoninergic
Trazodone insomnia 25-50 50-200 mg in syndrome
mg oneof 2
doses
Others Carbamazepine No evidence, should be abandoned, cave confusion and hyponatremia with carbamazepine, confusion,
Valproate acid ataxia, tremor with valproate
Gabapentin Agitation, 100mg | 300-2,400mg | Sedation No dependence | Need for RCT
anxiety (?)
Benzodiazepine | Acute 1-2.5 Try to avoid Sedation, memory
i.e. Lorazepam stressful mg loss, falls,
condition paradoxical
reaction,
dependence

(1) Neurologists, geriatricians, psychiatrists and PCPs are all involved in the diagnosis, management and follow-up of AD patients, although
differences in regulations may vary across governments (diagnosis and prescriptions are carried out by dementia specialists in some countries).
See also practical recommendations.

(2) Before treating cognitive symptoms with ChEIns, clinicians must rule out major contraindications such as sinus bradycardia and AV block.

(3) There is no consensus on the duration of therapy with ChEIns and memantine. We therefore suggest introducing the treatment for 6 months,
after which the patient’s response should be reviewed. Treatment should be continued if improvement or stabilization is noted on MMSE, IADL
and family or caregivers’ impression. Treatment should be discontinued if major side effects occur (see table) or if patients significantly
deteriorate. However, if patients drastically aggravate after discontinuation, we advise to reintroduce the treatment, in the absence of major
contraindications. ChEIns should be continued until a severe stage, when memantine can be introduced. When to stop memantine is not
known. We personally suggest discontinuation when the disease is very advanced (MMSE <7) and/or if no benefits are observed, or in the rare
case that agitation is noted.

(4) Before treating BPSD, clinicians must particularly rule out delirium (i.e. in agitated patients), try to eliminate environmental triggers (e.g.
abnormal light, noise, or a sudden change of nursing staff) and train caregivers and/or nursing staff to recognize side effects in order to prevent
increased morbidity or mortality (e.g. falls and bone fractures due to drowsiness or hypotension).

(5) When initiating BPSD treatment, target symptoms (e.g. agitation in the setting of depression or psychosis) should be selected to focus on in the
monitoring of the drug treatment.

(6) After initiation of treatment with antidepressants, antipsychotics or antiepileptics, patients should be closely monitored for side effects. Chronic
administration should not be the rule and treatment should be as short as possible.

neuronal loss in the main cholinergic nucleus in the forebrain (nucleus basalis of
Meynert), is one of the hallmarks of AD [for review, see 3]. This disturbance of the
cholinergic system led to development of cholinesterase inhibitors (ChEIns), which
enhance cholinergic neurotransmission in the cerebral cortex. Three ChEIns are cur-
rently approved in Europe and the US. These have not yet been compared directly
in head-to-head trials [4]. Donepezil has few peripheral anticholinesterase activities
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and is therefore usually well tolerated by patients. Its easy once-daily titration makes
it the most popular ChEIn on the market. It has been shown to significantly improve
cognition, as assessed with the ADAS-cog, and clinicians’ global ratings, for patients
with mild to moderate AD compared to a placebo group. It did, however, not improve
quality of life measures [5]. Other studies concluded that extended treatment over 6
months is safe and effective in mild to moderate stages [6] as well as in an advanced
stage [7]. A nonsponsored trial with patients in similar stages of the disease replicated
a small but significant effect of the medication (0.8 point increase in MMSE score
compared to placebo), but this result did not delay the need for institutional care of
patients [8]. In the same study, a return to baseline cognition level after a six-week
placebo washout suggested an absence of disease-modifying activity of the medica-
tion. BPSD may be alleviated by donepezil but only modestly [9]. In mild cognitive
impairment (MCI), donepezil was the only ChEIn that significantly improved cogni-
tive outcome (MMSE, ADAS-Cog, CDR) after 6 months, but it had no effect on the
rate of conversion to AD after 3 years [10].

Galantamine has slightly more gastrointestinal side effects, such as nausea, vomit-
ing, anorexia and weight loss, but these side effects are attenuated in a once-daily pre-
scription. Overall, the clinical efficacy of galantamine is the same as that of donepezil.
RCTs demonstrated a significant positive effect of galantamine (16 or 24 mg per day)
on cognition and ADL in the treated group over the placebo group [11], and cogni-
tive effects were sustained for up to 36 months [12]. Galantamine, however, has been
associated with increased mortality in patients with MCI [13] and is therefore not
recommended in this condition.

Rivastigmine is a ChEIn with marked peripheral side effects, and is reccommended
to be taken with food according to a very slow titration schedule. The advantage of
rivastigmine over other cholinesterase inhibitors is that it has an equally high clini-
cal efficacy, but fewer interactions with other medication and less liver metabolism.
Although its side effect profile is still a disadvantage [14], a once-daily transdermal
patch has recently become available for mild to moderate AD patients. This patch has
a much better gastrointestinal profile compared to the oral formulation, and makes
rivastigmine as attractive as donepezil and galantamine [15].

Overall, the benefit of ChEIns for patients with AD is a modest improvement in
cognition and in ratings on ADL and instrumental ADL (IADL) scales. A severely
limiting factor, however, of ChElIns is that only 30-50% of patients respond to the
treatment [16]. There is an urgent need for a better identification of the responders,
in order to stop treatment in those who do not respond.

In a systematic review, it was concluded that ChEIns offer a small but significant alle-
viation of BPSD, but its clinical significance remains debatable because most patients
presented with mild symptoms only [9], and subsequent studies of rivastigmine and
donepezil did not replicate the benefits in patients with severe symptoms [17].

Long-term improvements, such as a significantly reduced rate of nursing home
placement or a prolongation of normal ADL and behavior, are still questionable and
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the results from trials are conflicting [4, 8]. Early studies claimed that ChEIns were
cost effective, decreased the need for home care and delayed nursing home placement
[18]. However, the only non-sponsored study did not find any nursing home place-
ment benefit in treated patients compared to placebo [8].

Memantine

Memantine is an N-methyl-p-aspartate (NMDA) receptor antagonist. NMDA recep-
tors are implicated in learning and memory, and increased NMDA stimulation in AD
presumably causes abnormal excitotoxicity in the brain [for review, see 19]. By block-
ing the increased NMDA stimulation, memantine may have a neuroprotective effect.
Twenty mg of memantine daily in two doses significantly stabilizes or even improves
cognition and/or IADL, as demonstrated by Reisberg et al. [20] and several other
RCTs in patients with moderate to severe AD. There were no more adverse effects in
the treatment group than in the placebo group, suggesting a better side effect profile
than cholinesterase inhibitors. In current practice, dizziness, confusion and halluci-
nations are the most frequently reported side effects. A recent meta-analysis of three
published studies (two in moderate to severe AD patients and one in mild to mod-
erate AD patients) revealed a significant but very modest benefit of memantine on
cognition and global changes [21].

A post-hoc analysis of 6 pooled RCTs showed diminished BPSD in the meman-
tine treatment group compared to the placebo group, particularly for psychosis and
agitation/aggression [22]. The same RCTs were included in another analysis, which
also demonstrated an improvement of BPSD. This latter study, however, questioned
whether there is a clinical benefit of memantine, mainly because of the small effect
size [23]. Administration of memantine on a once-daily schedule appeared to be sim-
ilar to a twice-a-day regimen in terms of efficacy and tolerability [24]. More impor-
tantly, a rapid switch from donepezil to memantine was tolerated as well as a stepwise
one [25]. This offers a possible practical benefit for patients with side effects or those
who deteriorate on ChElIns.

At present, data on the long-term effects of memantine in patients with mild to
moderate AD have yet to be reported. There is also still a need for strong evidence of
a neuroprotective effect and for reports on side effects in large clinical samples.

Memantine plus Cholinesterase Inhibitors
In one RCT, the combination of memantine and cholinesterase inhibitors was
found to be more effective than donepezil alone in AD patients in a moderate to

severe stage, in terms of cognition, ADL, global functioning and behavior [26].
However, with results of only one study, there is a lack of consensus about the
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benefit of this combination, and several medication agencies have not authorized its
reimbursement.

Antioxidants

Vitamin E, or a-tocopherol, is an antioxidant agent that was thought to be neuro-
protective. One single RCT showed a significant delay in institutionalization, but no
effect on other primary or secondary outcomes, including MMSE score [27]. Vitamin
E is no longer prescribed for AD.

Ginkgo biloba is derived from a plant with antioxidant properties and has been
commercialized in Europe for more than two decades. There have been no large
RCTs showing a significant benefit to date, but some results are expected shortly [for
a review, see 28]. At present, we do not recommend its use in AD.

Estrogen Replacement

Estrogen replacement therapy has been demonstrated to lead to in vitro cerebral blood
flow enhancement, cholinergic neuronal death prevention, and nerve growth factor
modulation. Preliminary results of small RCTs were very promising [for review, see
29]. As a consequence, high hopes were placed on this therapy. Unfortunately, large
RCTs did not replicate these initial findings, and even showed that estrogen replace-
ment carried with it an increased risk of developing dementia and increased morbid-
ity and mortality rates [30].

Anti-Inflammatory Drugs

Anti-inflammatory drugs - traditional NSAIDs or selective COX-2 inhibitors - also
raised high hopes for prevention and treatment of AD, since inflammatory processes
(such as activated microglia and cytokine release) have been implicated in AD [for a
review, see 31]. Some epidemiologic studies on anti-inflammatory drugs reported a
reduced conversion rate to AD. However, several RCTs using COX-2 inhibitors did
not show any benefit, or were even suspended due to an increased rate of cardiovas-
cular events [31]. A recent large interventional trial also failed to find any beneficial
effects and even showed increased bleeding in the treated group [32]. It is quite pos-
sible that anti-inflammatory drugs are ineffective once the AD lesions have become
well established, or that the drug has to be administered for a very long period for it to
have any measurable effect. We do not currently advocate the use of anti-inflamma-
tory drugs in prevention or treatment of AD.
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Vascular Risk Factor Management

Because of the strong relationship between main vascular factors and the amyloid
cascade, and because of the aggravating effect of vascular impairments on AD pathol-
ogy, strict management of high blood pressure, diabetes and cholesterol levels are
increasingly recommended, even though meta-analysis with cholesterol-lowering
agents [33] and antihypertensive drugs did not show a decrease in the rate of the pro-
gression to dementia in patients with respectively high cholesterol and hypertension
plus no history of cerebrovascular disease [34]. The lack of an adequately long follow-
up period could be one of the reasons for these negative results.

Antipsychotic Agents

Atypical antipsychotic agents have been used generally against symptoms such as agi-
tation, aggression and delusions. They have better extrapyramidal profiles than con-
ventional neuroleptics. However, they have been associated with increased mortality
and are still not approved for treatment of AD by federal regulations in most European
countries and the USA. Moreover, there have been no trials that have compared the
efficacy of different atypical antipsychotic agents. A systematic review including 12
trials plus two additional studies of haloperidol, thioridazine, thioxanthene, chlor-
promazine and acetophenazine, did not demonstrate any benefit for patients [9]. Two
other systematic reviews concluded that atypical antipsychotics such as clozapine,
olanzapine, risperidone and quietapine had only modest efficacy, and one RCT even
claimed that these agents (clozapine not included) had no effect on psychosis, aggres-
sion or agitation compared to a placebo [35, 36]. They were also found to elicit side
effects, including extrapyramidal symptoms and sedation [35]. Increased mortality
and stroke risk, although debated due to conflicting results, has been another concern
recently [36]. For these reasons, atypical antipsychotic agents should not be routinely
used against agitation or psychosis in AD.

Antidepressants

As serotonin neurotransmission is disturbed in both AD and in agitation/aggression
and depression [37, 38], many studies have focused on the use of selective serotonin
reuptake inhibitors. Several trials have demonstrated that citalopram [39] and ser-
traline [40] have a beneficial effect in depression in AD. However, because of small
sample sizes, insufficient data, absence of significant results and adverse events, a
meta-analysis did not support their efficacy and recommended extreme caution
[41].

Pharmacological Interventions in Primary Care 61



Tricyclic antidepressants such as amitriptyline or nortriptyline should be aban-
doned because of their anticholinergic side effects, aggravating memory or provoking
delirium [42]. Results of RCTs with new antidepressants like venlafaxine, mirtazipine
and bupropion have yet to be reported.

Antiepileptic Drugs

There is no evidence that carbamazepine or valproate alleviate BPSD in AD [9], but
results of studies with lamotrigine and gabapentin, which are increasingly used in
clinical settings, are expected.

RCTs with benzodiazepines in AD have not been carried out, as every clinician
is aware of the side effects, such as a decline of memory function, gait disturbances,
dependence and possible paradoxical reactions. We suggest benzodiazepines should
only be used in the case of brief stressful episodes, with extreme caution and in small
doses.

There are no RCT data on buspirone, propranolol, or levecitaretam.

Conclusion

After initial hopes rose with the introduction of cholinesterase inhibitors, new hope
comes from a growing understanding of the basic mechanisms causing AD [43].
First, since amyloid peptide plays a central role in AD neuropathology, antiamyloid
therapies are thought to slow down or limit progression of the disease. A phase Ila
amyloid-beta immunization RCT was interrupted because of meningoencephali-
tis in 6% of patients, but showed significant clinical benefit in antibody responders
[44]. New RCTs with passive and active immunization against amyloid-beta are cur-
rently ongoing. Other promising compounds that are anticipated are neuroprotec-
tive agents, such as antioxidants and anti-inflammatory agents, which are expected to
reduce the damage caused by amyloid proteins. Finally, neurorestorative approaches
such as neurotrophic and nerve growth factors, transplantations and stem cell-related
interventions are being developed.

Ilusions came from various reviews of medications approved in the US and
Europe for the treatment of patients with AD. A very recent study concluded that all
compounds that have significant positive effects on various measures for cognitive
and more global functions, produce little if any clinically meaningful benefits [21].
The same conclusions have been drawn for the effects of atypical antipsychotics on
BPSD [35].

There is still a long way to go in the development of treatments. A major challenge
is that AD is not a disease in a technical sense, but a complex syndrome exhibit-
ing a diversity of symptoms. We will conclude by giving some specific directions for
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further research. (1) More fundamental research is necessary to allow for an earlier
and more accurate diagnosis and follow-up of the progression of the disease (e.g. by
identifying better biomarkers). This could prevent unnecessary neuronal damage
and block amyloid deposition and neurofibrillary tangle formation. (2) More non-
sponsored or independent RCTs should be carried out. (3) Head-to-head trials are
needed, which compare the different medications that are currently available (e.g.
the three available ChEIns; ChEIns and memantine; the different antidepressants;
atypical and classical antipsychotics; antiepileptics). (4) We also need to reassess our
clinical scales, to ensure accurate clinical monitoring of patients under treatment of
current symptomatic agents, or of possible future disease-modifying agents. Sensitive
clinical scales are particularly important in this latter case, because the most likely
candidates to be treated with future disease-modifying agents are early AD patients
in whom the decline is slow, and clinical changes are variable and subtle. The use of
sensitive clinical scales would require less lengthy and therefore less expensive trials,
and would make sponsoring by industries more likely. (5) Furthermore, there is an
urgent need for clinical markers that are sensitive, widely available, and cost effective.
Dual-task-related gait change could be an interesting candidate, since gait and cogni-
tion are closely linked. Moreover, a recent open-labeled pilot study demonstrated an
alteration of gait parameters in patients with AD, treated with galantamine [45]. (6)
More appropriate start and termination points of medication need to be identified, to
prevent unnecessary treatment when no efficacy is proven. (7) We also need to bet-
ter explain medication-related issues (i.e. the precise benefits that can be expected)
to our patients and their families. (8) Finally, better recognition and integration of
the cognitive decline and BPSD is needed, and we have to start to develop additional
nonpharmacological therapies.

All these above-mentioned strategies may contribute to improve patient care and
reduce the emotional and financial burden on families and governments.
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Abstract

Vascular cognitive impairment relates to subjects who have a broad spectrum of cognitive deficits,
including all forms of mild to severe cognitive impairment associated with and presumed to be
caused by cerebrovascular diseases. The latter may be represented by multiple cortical infarcts, mul-
tiple subcortical infarcts, or both, silent infarcts, strategic infarcts, small-vessel disease with white
matter lesions, and lacunes, all more or less related to stroke. Some authors also include in the cate-
gory of vascular cognitive impairment Alzheimer’s disease patients with evidence of additional vas-
cular lesions. The recognition of early cognitive decline in the primary care setting is an important
step as it may allow an early referral of patients to the specialist level, thus permitting a correct diag-
nosis of the etiologic subtype and the best treatment approach for that particular patient. The aim of
this chapter is to provide an overview of the role of the primary care physician in the screening of
patients with suspected vascular cognitive decline. Patients in whom screening for cognitive decline
could be of clinical relevance are depicted, and a brief overview of investigations and diagnostic
tests in the primary care setting is outlined. This specific diagnostic approach includes suggestions
on how to take the clinical history, how to perform the physical examination, and on how to choose
the appropriate tools for the cognitive and non-cognitive screening; finally, the role of neuroimag-
ing in the primary care setting is illustrated. Copyright © 2009 S. Karger AG, Basel

Dementia is defined as a significant loss of intellectual abilities such as memory,
attention, orientation, judgment, language, motor and spatial skills, severe enough to
interfere with social or occupational functioning [1]. Dementia is labeled as ‘vascu-
lar’ when it is believed that the syndrome is caused by cerebrovascular diseases. The
concept of vascular dementia (VaD) has undergone substantial re-evaluation over
the last years, and both terms ‘vascular’ and ‘dementia’ have been criticized by some
authors [2]. One of the main concerns is that VaD is a heterogeneous group of dis-
eases rather than a unique pathological process, with different causes and a broader
spectrum of cognitive impairment, with only part of the patients being definable as
overtly demented [2]. Given the complexity of the relationship between cerebrovas-
cular diseases and cognition, a broader concept, vascular cognitive impairment (VCI)
was thus introduced some years ago in order to include all the possible aspects of this



complex relation [3, 4]. VCI refers to all forms of mild to severe cognitive impairment
associated with and presumed to be caused by cerebrovascular diseases [4]. This term,
therefore, includes VCI without dementia as well as VaD. The concept of VCI covers
subjects who have cognitive impairment related to stroke, multiple cortical infarcts,
multiple subcortical infarcts, or both, silent infarcts, strategic infarcts, small-vessel
disease with white matter lesions, and lacunes. Some authors also include in the cat-
egory of VCI Alzheimer’s disease (AD) patients who also have evidence of vascular
lesions [5].

The aim of the present chapter is to provide an overview of the possible role of
the primary care physician in the screening of patients with suspected VaD and VCIL
Since data available on this topic are limited, most of our writing is a proposal for
the role of primary care physicians in this setting derived from our experience in the
field, representing our beliefs of what the role of our primary care colleagues should
be in this sense.

Role of the Primary Care Physician in Screening for Vascular Dementia and
Cognitive Impairment

It is probably not a clinical challenge to diagnose dementia when the symptoms are
of moderate to severe degree. Differently, it may be more challenging to detect the
degrees of cognitive impairment that precedes dementia onset, so called mild cogni-
tive impairment [6]. The recognition of early cognitive decline in the primary care
setting is an important step as it may allow an early referral of patients to the special-
ist levels, thus permitting a correct diagnosis of the subtype and the best treatment
approach for that particular patient.

Target Populations

In our view, in the field of VaD and VCI, primary care physician may face generally
three types of patients in whom screening for cognitive decline may be of clinical
relevance, and thus recommended: (1) patients with vascular risk factors; (2) patients
with subjective or minimally cognitive or behavioral disturbances as referred by a
next of kin; (3) patients who returned home after a stroke.

Patients with Vascular Risk Factors

Patients with vascular risk factors are at increasing risk of developing cognitive impair-
ment during their lives. According to Hachinski and Bowler [3], these patients are in
a ‘brain at risk’ stage. The link between vascular risk factors and cognitive decline is in
some cases related to the occurrence of major cerebrovascular events, while in other
instances vascular risk factors lead to a progressive development of initially silent
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Table 1. Major risk factors for VCl and VaD distinguished as risk factors directly related to VCI, risk
factors for stroke (as a determinant of VCI) and risk factors common to atherosclerosis and AD

Risk factors directly related Risk factors for stroke as a Risk factors common to
to VCl [adapted from 9] determinant of VCI atherosclerosis and AD
[adapted from 11, 12] [adapted from 9, 13]
Age Age Age
Hypertension Hypertension Hypertension
Diabetes mellitus Diabetes mellitus Diabetes mellitus
Hyperlipidemia Hyperlipidemia Hyperlipidemia
Cigarette smoking Cigarette smoking Cigarette smoking
Alcohol consumption Alcohol consumption Hyperhomocysteinemia
Obesity Obesity Obesity
Physical inactivity Physical inactivity Metabolic syndrome
Metabolic syndrome Metabolic syndrome ApoE &4 polymorphism
Hyperhomocysteinemia Carotid stenosis Systemic inflammation
Stroke Atrial fibrillation Hormone replacement
Stroke related features: Ischemic heart disease therapy
- Volume of cerebral vascular Valvular heart disease
lesions Psychosocial stress
- Location of cerebral vascular  Diet (low fruit and
lesions vegetables intake)
- Number of cerebral vascular ~ Hyperhomocysteinemia
lesions Hormone replacement
- White matter lesions therapy

- Silent cerebral infarcts

vascular changes in the brain that eventually cause cognitive decline. Some vascular
risk factors are also thought to be associated with AD type pathology [7, 8].

Table 1 reports the major risk factors for vascular cognitive decline and dementia;
these have been divided into factors directly related to the cognitive decline, factors
related to stroke (as a determinant of cognitive decline) or factors common to athero-
sclerosis and AD. Only a few studies have evaluated the effect of risk factors for stroke
on the probability of developing cognitive decline before the actual occurrence of
stroke, corroborating the intuitive conclusion that subjects at increased risk for stroke
are also at increased risk for dementia [9, 10]. Moreover, from large epidemiological
studies we have learned that VaD and AD share with stroke a number of vascular
risk factors. For some of these risk factors, a large body of evidence is available show-
ing a relation with cognitive decline, for others this relationship may be realistically
inferred for example from their association with stroke.

Among the modifiable risk factors, certainly arterial hypertension has a major
role. The relationship between blood pressure and cognitive function and dementia
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has, in recent years, received much attention from epidemiological research. From
one recent review, it clearly came out that there exists a discrepancy between results
of cross-sectional studies and longitudinal studies addressing this issue [14]. In fact,
cross-sectional studies have shown an inverse association between blood pressure
and the prevalence of dementia, whereas longitudinal studies yield mixed results that
largely depend on the age at which blood pressure is measured and the time interval
between blood pressure and outcome assessments. Evidence suggests that both high
and low blood pressures play a part in the development and progression of cognitive
impairment and dementia, depending on age [14]. A second group of patients at risk
of developing cognitive decline are diabetics. A large body of evidence is emerging
suggesting a close relationship between diabetes mellitus and the increased risk of
both VaD and AD, with various pathological changes contributing to the dementia
process [15, 16].

Searching for VCI in all the patients with at least one of the risk factors listed in
table 1 is likely beyond the possibility of each primary care physician. However, we
believe it is important at any level to draw the attention to these groups of patients as
possible candidates to cognitive decline because this is the stage when much can be
done to prevent this poor outcome.

Patients with Subjective or Minimal Cognitive or Behavioral Disturbances

Subjective memory complaints are frequently reported by healthy elderly persons
[17]. Some community-based studies suggest that 35-40% of healthy, nondemented
elderly persons above the age of 75 years report problems with memory [18]. Such
memory complaints may be ‘benign, when unrelated to brain pathological processes
and not associated with decline of functional performances.

Few studies have examined longitudinally individuals with self-reported memory
complaints, and results appear discordant. Some have found that subjective memory
loss is associated with an increased risk of developing dementia [19-21], while others
have found that subjective memory complaints do not correlate with memory prob-
lems and may correlate better with depressive symptoms or personality traits [22, 23].
Thus, it is difficult to know when memory complaints precede dementia or instead
are simply manifestations of aging or other conditions such as depression [23]. In
general, patients’ complaints should not be ignored, as in the mild stages of dementia
these subjects often have some insight into their own deficit.

Family members, or close friends (informants) often detect memory loss before
the patient. Corroborating information from an informant is helpful, and informant
questionnaires are considered as effective as brief cognitive tests at screening for
dementia [24]. In fact, it has been demonstrated that informants’ reports may predict
the development of dementia in patients who currently have normal test results [23].
Although not all informants are equally helpful, with spouses or others who live with
the patient giving the most accurate assessment of cognitive status [25], many older
adults do not have reliable and knowledgeable informants, making a direct evaluation
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of the subject more important. Concerns regarding memory, changes in personality
or behavior, or the performance in daily activities, whether expressed by the patient
or an informant, should trigger an evaluation for both dementing illnesses and mood
disorders [26]. If a clinician has concerns about a patient’s cognitive status, cognitive
testing to the patient could be combined with questionnaires to a reliable informant
to improve accuracy in the diagnosis [27, 28].

Patients Who Returned Home after a Stroke

The term poststroke dementia has been coined to indicate all dementia syndromes
occurring in close time relation with a stroke. In fact, stroke increases considerably
the risk of dementia, with prevalence rates ranging from 13.6 to 32% 3 months to
1 year after stroke, and incidence rates of new-onset dementia after stroke ranging
from 24% within 3 years to 33.3% within 5 years [29]. Despite improvement in stroke
prevention and treatment, the prevalence of poststroke dementia is likely to increase
in the future because of increased survival after stroke and ageing of the population
[30]. Patients with poststroke dementia have higher mortality rates and are more
often functionally impaired [29]. The detection of cognitive decline after stroke may
have relevant consequences in terms of management of patients, better appreciation
of outcome, prevision of drug therapy compliance, and prognostic information for
family burden. A recent review outlined some aspects of neuropsychological func-
tioning, such as presence of neglect, aphasia, anosognosia, verbal memory and atten-
tion deficits to be good predictors of post-stroke functional outcomes, thus suggesting
that these areas of neuropsychological functioning could be targeted for rehabilitative
efforts [31]. Ideally, screening for cognitive decline should be initiated in the acute
stroke unit setting; however, not all stroke patients are admitted to stroke units, and a
number of obstacles may delay the screening for cognitive decline after stroke: in this
case, the task may eventually rely on the assessment of the primary care physician.

Taking the Clinical History

The collection of information about the clinical history may be very relevant for the
appreciation of dementia subtypes. AD is a well-characterized syndrome where the
onset, progression, clinical and neuropsychological features are well defined and usu-
ally typical. In contrast, VaD is characterized by a wide variety of clinical and neu-
ropsychological features mostly depending on the different pathological processes
underlying the dementia syndrome. In AD, the onset is usually gradual, the progres-
sion is a constant and insidious decline and there is an early impairment in memory
function. In VaD, all these clinical characteristics depend on the type of processes
subsiding the cognitive problem. The onset may be gradual when the main patho-
logical processes are white matter lesions, or may be sudden when it follows a stroke
(ischemic or hemorrhagic); in the latter case, both the presence of multiple infarcts
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or the location of a single one (strategic) may be responsible for the clinical picture.
Cognitive deterioration may be very slow, when depending on white matter lesions
and their progression or with the classical stepwise or fluctuating course due to the
multiple stroke events [32].

Cognitive Screening for Dementia

Neuropsychological assessment remains of fundamental importance in the diagnosis
of dementia as it documents a significant cognitive decline and may reveal specific pat-
terns of cognitive dysfunction, hinting at the cause of the dementia [33]. The pattern
of cognitive deficits in VaD and VCI may be one that includes all cognitive domains,
but there is usually a preponderance of so-called ‘executive’ dysfunction, defined as
the impairment in cognitive skills that are responsible for the planning, initiation,
sequencing, and monitoring of complex goal-directed behavior [34]. Carrying out
the neuropsychological assessment at an early stage of dementia has the advantage to
characterize and assess the cognitive and noncognitive functions; these data can then
be integrated with other clinical aspects into a broader syndrome [35].

Patients can be evaluated with structured or semi-structured interviews and with
neuropsychological test batteries. Many instruments exist for evaluating a patient with
suspected cognitive impairment. For many reasons, including time-constrained gen-
eral medical appointments, the subtlety of early impairment, and the poor sensitiv-
ity of many brief screening instruments, no single instrument is ideal for all settings
[26]. Recently, the development of harmonization standards for the diagnosis and
assessment of patients with early stage of VCI in clinical and research setting has been
carried out in a collaborative effort [36]. This consensus has produced a proposal for
neuropsychological assessment to be both sensitive to a wide range of abilities and
particularly aimed to assess executive functions. The Neuropsychological Working
Group has assembled 3 separate protocols: (1) a 60-min protocol, containing tests
for the assessment of four domains (executive/activation, language, visuospatial, and
memory) plus tests for neurobehavioral changes and mood; (2) a 30-min protocol
in which tests were selected from the previous level to be used as a clinical screening
instrument for patients with suspected VCI; (3) a 5-min protocol as a quick screen-
ing tool in the office of primary care physicians [36]. This last consisted of selected
subtests from the Montreal Cognitive Assessment including a 5-word immediate and
delayed memory test, a 6-item orientation task and a one-letter phonemic fluency
test (the letter F). When more time is available, some other parts of the Montreal
Cognitive Assessment could be used such as a cube and a clock drawing task with a
simple scoring routine, a 3-item picture naming task, a short “Trails B’ paradigm and
other brief attention, language and abstraction tasks. The use of Mini-Mental State
Examination [37] was rejected mainly because of its low sensitivity for proving execu-
tive dysfunctions [36].
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As the authors of this workshop have correctly pointed out, the published recom-
mendations represent the ‘beginning’ rather than the ‘end’ In fact, most of the avail-
able literature addressing the issue of different strategies for the detection of dementia
in the primary care setting deals with AD. Thus, this has to be considered the first
attempt to create new and dedicated instruments for VCI and VaD. While the final
diagnosis of VCI and VaD probably cannot rely entirely on only the primary physi-
cian’s efforts, the proposed brief screening battery can likely help in the selection of
patients taken from the 3 above described settings and in referring the patient to the
specialist.

Screening for Noncognitive Disturbances

Functional Performance

Impairment in activities of daily living due to cognitive decline is an essential part
of the criteria for dementia and should always be assessed in the diagnostic workup.
This decline in every day functional abilities has a great influence on the quality of
life of patients and their families. Assessment of function in daily living should thus
be part of the diagnostic process as a first step in order to distinguish a mild cog-
nitive impairment where functionality is preserved from dementia, and in the long
term to evaluate the need for personal and institutional care. The two classical fields
measured are: basic activities of daily living (activities that are important for self-care
such as dressing, hygiene, continence, and eating) and instrumental activities of daily
living (activities that are important for maintenance in a specific environment such
as meal preparation, telephoning, housework, taking care of finance and correspon-
dence, going on an outing, taking medications, and so on). Different scales are avail-
able and used to objectively measure these abilities in dementia, although most of
them were designed to assess functional decline in AD patients. These scales can be
administered to both the patient and the caregiver, the latter being probably the best
choice for obtaining more reliable information.

Widely used scales include the Activities of Daily Living (ADL) Scale [38],
the Instrumental Activities of Daily Living (IADL) Scale [39], and the Disability
Assessment for Dementia Scale [40]. Other scales recommended by the European
Federation of Neurological Societies Guidelines for the Diagnosis and Management
of Alzheimer’s Disease [41] are the Alzheimer Disease Cooperative Study ADL Scale
[42], the Functional Activities Questionnaire [43], and the Progressive Deterioration
Scale [44]. The administration of ADL and IADL scales appears particularly suited
for the primary care physician’s setting.

Mood and Behavioral Screening

Noncognitive psychiatric and behavioral disturbances are common features of
dementia. These include apathy, disinhibition, agitation/aggression, depression,
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psychosis, appetite changes, and sleep disturbances. Although, these disturbances
vary according to the severity of dementia, they might also signal the onset of the
disease and often fluctuate and recur. These symptoms are associated with a more
rapid cognitive and functional decline, and often lead to caregivers’ stress and are
among the main reasons for institutionalization [45]. In a recent review, neuropsy-
chiatric manifestations were found to be very common in mild cognitive impair-
ment, occurring in 35-75% of patients, the most common being depression, apathy,
anxiety, and irritability [46]. These data suggest that certain neuropsychiatric fea-
tures could serve as clinical indicators of future conversion to dementia, particu-
larly AD [46]. Studies of the neuropsychiatric disturbances in patients with VaD
are few and the results are controversial. Noncognitive psychiatric and behavioral
disturbances are thought to vary according to dementia subtypes, thus contribut-
ing to the differential diagnosis of the different dementia subtypes. One study has
demonstrated that, compared to AD, patients with VaD had higher frequency of
decreased affect and withdrawal, and more severe psychomotor slowing, thus con-
tirming the original hypothesis that depression and apathy are more related to VaD
[47]. Other recent studies confirmed that behavioral disturbances were very com-
mon in patients with dementia, regardless of the dementia type, and found only
minor differences in the prevalence and types of behavioral disturbances between
AD and VaD patients [48, 49].

Despite these controversial findings, it is of utmost importance to perform a
screening of mood and behavior in patients with suspected VCI. Several rating instru-
ments have been designed for this purpose, enquiring not only about the presence or
absence of different symptoms, but also about their frequency, severity and impact on
the caregiver; repeated use of such scales can also be useful in monitoring the effects
of treatment interventions. The scales should be administered to a close family mem-
ber or to the caregiver. Different screening tools are available for the detection of these
noncognitive disturbances, and among these the Neuropsychiatric Inventory is con-
sidered a standard tool. It assesses 10 behavioral disturbances occurring in dementia
patients: delusions, hallucinations, dysphoria, anxiety, agitation/aggression, euphoria,
disinhibition, irritability/lability, apathy, and aberrant motor activity [50]. Other suit-
able scales are the BEHAVE-AD [51], and the Manchester and Oxford Universities
Scale for the Psychopathological Assessment of Dementia [52]. However, it should be
noted that these scales are quite complex and require extended time for administra-
tion which makes them unsuitable tools for the primary care physician setting.

Physical Examination

Patients with suspected or clear VCI should undergo a physical examination partic-
ularly focusing on the cardiovascular system. Peripheral pulses should be assessed,
blood pressure and heart rhythm should be checked and recorded, thoracic and
carotid auscultation should be performed. Height and weight should be recorded,
and body mass index calculated. Also, waist circumference should be determined.
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The neurological examination has a specific role in the field of VaD, and attempts
to formalize it have been proposed in the past. The Hachinski Ischemic Score was
proposed more than 30 years ago as an instrument capable of differentiating multi-
infarct dementia from AD [53]. The general features of the scale included abrupt
onset, prior history of stroke, stepwise deterioration, somatic complaints, emotional
lability, history of hypertension, and focal neurological signs and symptoms. These
latter are in fact considered as characteristic features of VaD, capable of distinguish-
ing this latter from neurodegenerative forms, and different clinical criteria include
them as a proof of cerebrovascular contribution to dementia. However, little is
known about the prevalence of specific neurological signs in the different subtypes
of VaD. From one recent study of a large sample of VaD patients, it came out that
the specific neurological signs demonstrated by patients with VaD were different
according to the type of vascular lesions evidenced by neuroimaging. Subtle signs,
including dysarthria and extrapyramidal signs were more prevalent among patients
with small vessel disease, while lateralized sensorimotor changes and aphasia were
more related to large vessel disease [54]. Also a difference in gait pattern between
small vessel and large vessel VaD patients was found, with a hemiplegic type gait
disturbance in large vessel disease and a parkinsonian type gait disturbance in small
vessel disease [54].

Neuroimaging

Nowadays, neuroimaging is one of the most important investigations in the workup of
dementia to aid in the differential diagnosis and management decisions. Traditionally,
imaging is important as a means to exclude treatable causes of cognitive decline, and
in practice parameter on the diagnosis of dementia, structural neuroimaging, either
computed tomography (CT) or magnetic resonance imaging (MRI), is recommended
as a guideline in the routine initial evaluation of these patients [41, 55]. Structural
neuroimaging should be performed in order to exclude those conditions that are
potentially amenable to (usually surgical) treatment, such as neoplasms, hematoma,
or hydrocephalus, although these potentially reversible conditions underlie only
1-10% of all dementias [56, 57].

Neuroimaging in general, and MRI in particular, is increasingly regarded as a
mandatory part of the investigation of patients with suspected dementia as it can add
positive or negative value in the differential diagnosis of the more common types
of dementias. According to the consensus criteria [58], absence of vascular lesions
on brain MRI rules out a diagnosis of VaD; however, there are no pathognomonic
brain CT or MR images of VaD [59]. Thus, correlation with the clinical evidence is
mandatory. MRI plays a major role in detecting the type of vascular pathology pos-
sibly responsible for the cognitive decline in a particular patient. Imaging evidence
of vascular pathology includes ‘large vessel’ (large territorial or strategic infarcts) and
‘small vessel’ disease (lacunes and white matter hyperintensities). Neuroimaging also
represents one of the most important elements to distinguish AD from VaD.
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Patients with subjective or

minimally cognitive or Patients who returned
behavioral disturbances home after a stroke

reported by a next of kin

Patients with vascular
risk factors
(‘brain at risk’ stage)

Screening for VCI

Clinical history: speak to both
the patient and the informant;
ask specific questions about
cognitive, mood, behavioral
and functional disturbances,
and their time course (see text)

Screening tools for cognitive,
noncognitive and functional
performances (see text)

Physical examination

—focus on
cardiovascular system

—search for neurological

. If time is limited refer the
signs and symptoms

patient to a dementia specialist

Neuroimaging
Differential diagnosis of treatable causes of cognitive deterioration

. !

Refer the patient
to a dementia specialist

Fig. 1. Proposed algorithm for primary care physicians in the screening for VCI.

We believe that the full appreciation of neuroimaging features applies more to
dementia specialists rather than to primary care physicians; however, a first-line
imaging evaluation (for example with CT scan) should likely be carried out before
sending the patients to the specialist, especially because it may guide the referral to
the proper one.

Concluding Remarks

Nowadays, the detection of cognitive impairment at an early stage has become widely
proposed, particularly in primary care setting [60]. Previous guidelines in 1996 did
not find evidence to advise for or against screening for dementia, the most impor-
tant problem with the evidence for screening for dementia being the uncertainty of
the effectiveness of treatment. However, it should be noted that most of the avail-
able data derive from research in the field of AD, while little has been done so far
for what concerns VaD and VCI. Available knowledge on risk factors suggests that
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these conditions could benefit from preventive strategies and the improved control
of modifiable risk factors more than degenerative forms. Effective screening, apart
form allowing an early referral of patients to the specialist levels, permitting a correct
diagnosis of the dementia subtype and the best treatment approach for that particular
patient, also gives the opportunity to patients and their families to plan and organize
important issues such as health care, safety, and finances.

In the field of VaD and VCI, we identified three types of patients in whom screen-
ing for cognitive decline could be of clinical relevance: (1) patients with vascular
risk factors; (2) patients with subjective or minimally cognitive or behavioral distur-
bances as reported by a next of kin; (3) patients who returned home after a stroke.
Suggestions for investigations and diagnostic approach have been outlined and are
summarized in figure 1. It is worthy to underline the fact that most of the available lit-
erature on screening instruments suggested for primary care is related to the AD type
of dementia, while little has been done so far in the field of VaD. The first attempt to
develop standard tools for the diagnosis and assessment of patients with early stage
of VCl in clinical and research setting has recently been completed in a multinational
effort [36].
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Abstract

Vascular cognitive impairment (VCI) is the modern term related to vascular burden of the brain,
reflecting all encompassing effects of cerebrovascular disease (CVD) on cognition. VCl include all
levels of cognitive decline from mild deficits in one or more cognitive domains to a broad dementia-
like syndrome. VCl incorporates the complex interactions between vascular risk factors, CVD etiolo-
gies and cellular changes within the brain and cognition. Vascular risk factors towards VCl include,
e.g. arterial hypertension, high cholesterol, and diabetes. VCl includes the common poststroke
dementia and vascular dementia (VaD). The main subtypes of VaD include the cortical VaD or multi-
infarct dementia also referred as poststroke VaD and subcortical ischemic vascular disease and
dementia or small vessel dementia. Traditional vascular risk factors and stroke are also independent
factors for the clinical presentation of Alzheimer’s disease. In addition to these vascular factors, CVD/
strokes, infarcts and white matter lesions may trigger and modify progression of Alzheimer’s disease.
Whilst CVD is preventable and treatable, it clearly is a major factor in the prevalence of cognitive
impairment in the elderly worldwide. Copyright © 2009 S. Karger AG, Basel

Background

Vascular Dementia Concept

During the 1980s and the early 1990s, almost all cerebrovascular injury leading to
dementia was ascribed to large cortical and subcortical infarcts, so-called multi infarct
dementia (MID) [1]. The concept of vascular dementia (VaD) was introduced to fur-
ther refine the description of dementias caused by infarcts of varying sizes including
the smaller lacunar infarcts and microinfarcts [2]. VaD appropriately defined a group
of heterogeneous syndromes of vascular origin of which cortical disease and subcor-
tical vascular disease were considered as important subtypes [3]. Although this was
an important step forward, it was not adequate to fully describe the vascular causes of
early cognitive impairments.



Concept of Dementia Syndrome

The recognition of Alzheimer’s disease (AD) as the commonest cause of dementia
led to the development of operational criteria for the diagnosis of dementia in gen-
eral. The criteria included early and prominent memory loss, progressive cognitive
impairment, evidence of irreversibility and presence of cognitive impairment suffi-
cient to affect normal activities of daily living. The characteristic episodic memory
impairment apparent in AD is attributed to atrophy of the medial temporal lobe. In
contrast, cerebrovascular disease (CVD) lesions do not necessarily have the same
regional predilection. The emphasis of the current dementia criteria limited to epi-
sodic memory underestimates the vascular burden on cognition. The conventional
dementia syndrome concept recognizes the vascular burden of the brain too late,
when often opportunities to prevent and treat are lost. Accordingly, it has been sug-
gested that the ‘Alzheimerized’ dementia concept should be abandoned in the setting
of CVD, and indeed this was one of the motives behind development of the broader
category of vascular cognitive impairment (VCI) [4, 5].

Modern Concept of Vascular Burden of the Brain: Vascular Cognitive Impairment

VCI Cognitive Syndrome

The cognitive syndrome of VCI encompasses all levels of cognitive decline, from the
earliest deficits to a severe and broad dementia-like cognitive syndrome [4, 6]. VCI
cases that do not meet the criteria for dementia can also be labeled as VCI with no
dementia or vascular cognitive impairment no dementia (vascular CIND). These
patients have also been labeled as vascular mild cognitive impairment in a similar
way to that of amnestic mild cognitive impairment for AD.

Vascular Cognitive Impairment Pathophysiology

VClI refers to all etiologies of CVD including vascular risks which can result in brain
damage leading to cognitive impairment. VCI may include cases with cognitive
impairment related to hypertension, diabetes or atherosclerosis, transient ischemic
attacks, cortico-subcortical infarcts, silent infarcts, strategic infarcts, small vessel
disease with white matter lesions (WMLs) and lacunae, as well as AD pathology
with coexisting CVD. VCI can also encompass those patients who survive intra-
cerebral and other intracranial hemorrhages but are left with residual cognitive
impairment.

The concept and definition of VCI or vascular CIND are still evolving, but it
seems clear that the diagnosis should not be confined to a single etiology compa-
rable to the traditional ‘pure AD’ concept. The two main factors to be defined in
VCI are the severity of cognitive impairment, and the pattern of affected cognitive
domains.
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Vascular Cognitive Impairment - Size of the Problem

Estimates of the population distribution of VCI and its outcomes are influenced
by the variety of definitions used. For example, if AD with CVD or the previously
defined VaD with AD pathology is included, then VCI would most certainly be the
most common cause of chronic progressive cognitive impairment in elderly people
[7]. In the Canadian Study on Health and Aging, the prevalence of VCI has been
estimated at 5% in people over age 65 years. These included patients with CIND. The
prevalence of vascular CIND, however, was 2.4%, that of AD with CVD was 0.9%
and of VaD alone was 1.5%. By comparison, the prevalence of AD without a vascular
component, at all ages up to age 85 years, was 5.1% [7].

Risk Factors of Vascular Cognitive Impairment and Dementia

Risk factors associated with VCI include risks for stroke and ischemic WMLs.
Clinically symptomatic infarcts, clinically silent infarcts, and WMLSs relate to higher
dementia risk [8, 9]. Similarly to AD, the risks for VCI may be considered under
demographic (e.g. age, education), vascular (e.g. arterial hypertension, atrial fibrilla-
tion, myocardial infarction, coronary heart disease, diabetes, generalized atheroscle-
rosis, lipid abnormalities, smoking), genetic (e.g. family history and specific genetic
features), and ischemic lesion related variables (e.g. type of CVD, site and size of
stroke) [10, 11]. Hypoxic ischemic events (cardiac arrhythmias, congestive heart fail-
ure, myocardial infarction, seizures, pneumonia) giving rise to global cerebrovascular
insufficiency are important risk factors for incident dementia in patients with stroke
[12].

Furthermore the traditional vascular risk factors and stroke are also independent
factors for the clinical presentation of mild cognitive impairment and AD [13]. The
important independent mid-life risk factors of clinical AD include arterial hyperten-
sion, high cholesterol, diabetes, obesity, and reduced physical activity among others
(13, 14].

White Matter Lesion Burden

WDMLs, frequently detected on neuroimaging, are associated with cognitive, mood,
motor, and urinary disorders, all known for contributing towards disability in the
elderly [15]. In particular, confluent and extensive WMLs relate to cognitive decline
and faster progression of disability. WMLs are seen as the surrogate of small ves-
sel disease and they relate to the subcortical ischemic vascular disease and dementia
(SIVD) syndrome [16].
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Post-Stroke Cognitive Impairment

Post-stroke cognitive impairment is frequent, as demonstrated in the Helsinki Stroke
Ageing Study [17]. Cognitive impairment 3 months after ischemic stroke was pres-
ent in one domain in 62% and in two domains in 35% of the patients aged 55-85
years. The cognitive domains affected included short-term memory (31%), long-term
memory (23%), constructive and visuospatial functions (37%), executive functions
(25%) and aphasia (14%) [17].

Post-Stroke Dementia

The frequency of post-stroke dementia vary from 12 to 32% within 3 months to 1
year after stroke [18]. In the Helsinki study, the frequency was 25% 3 months after
incident stroke, and the frequency increased with increasing age; 19% among those
aged 55-64 years, and 32% in those aged 75-85 years [17].

Determinants of post-stroke dementia include high age, low education, pre-stroke
dependency and cognitive impairment [18]. Risk factors of incident post-stroke
dementia include epileptic seizures, sepsis, cardiac arrhythmias and congestive heart
failure [12, 18]. Brain lesion correlates of post-stroke dementia include a combina-
tion of infarct features (volume, site), presence of WMLs (extent, location), as well as
brain atrophy [18, 19]. Important critical locations include dominant hemisphere and
lesions affecting the prefrontal-subcortical circuit.

Vascular Dementia

VaD, defined as the subset of VCI patients who fulfill the traditional Alzheimer type
dementia criteria, is considered the second most common cause of dementia. Using
population-based identification of persons aged 65 years and older, the European col-
laborative study reported that the age-standardized prevalence of dementia was 6.4%
(all causes), 4.4% for AD and 1.6% for VaD [20]. In this study 15.8% of all the cases
had VaD and 53.7% AD.

VaD as well as VCI encompass many clinical features, which themselves reflect a
variety of vascular mechanisms and changes in the brain, with different causes and
neurological outcomes. The pathophysiology is attributed to interactions between
vascular etiologies (CVD and vascular risk factors), changes in the brain (infarcts,
WDMLs, atrophy), and host factors (age, education).

The main subtypes of VaD included in current classifications are cortical VaD or
MID also referred as poststroke VaD, and SIVD or small vessel dementia and strate-
gic infarct dementia. Hypoperfusion dementia resulting from global cerebrovascular
insufficiency is also included. Further, subtypes include strategic infarct dementia,
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hemorrhagic dementia, hereditary VaD (e.g. CADASIL), and AD with CVD. Most
widely used clinical diagnostic criteria for general VaD are the NINDS-AIREN crite-
ria [2]. Research criteria for the SIVD have also been proposed [21].

Small Vessel Disease - Subcortical Ischemic Vascular Disease and Dementia

SIVD incorporates two entities ‘the lacunar state’ and ‘Binswanger’s disease’ [3]. SIVD
is attributed to small vessel disease and is characterized by lacunar infarcts, focal
and diffuse ischemic WMLs, and incomplete ischemic injury. Subcortical cognitive
syndrome is the cardinal clinical manifestation in SIVD with preferential damage to
the prefrontal subcortical circuits [16, 21, 22]. Neuroimaging studies in patients with
SIVD reveal multiple lacunes and extensive WMLs, supporting the importance of
imaging in the diagnostic criteria [21]. The early cognitive syndrome of SIVD is char-
acterized by a dysexecutive syndrome with slowed information processing, usually
mild memory deficit and behavioral symptoms. The dysexecutive syndrome in SIVD
includes impairment in goal formulation, initiation, planning, organizing, sequenc-
ing, executing, set-shifting and set-maintenance, as well as in abstraction [16, 23].
The memory deficit in SIVD is usually milder than in AD, and is characterized by
impaired recall, relative intact recognition, less severe forgetting and better benefit
from cues. Behavioral and psychological symptoms in SIVD include depression, per-
sonality change, emotional lability and incontinence, as well as inertia, emotional
bluntness and psychomotor retardation. Earlier phases of SIVD may include episodes
of mild upper motor neuron signs (drift, reflex asymmetry, incoordination), gait dis-
order (apraxic-ataxic or small-stepped), imbalance and falls, urinary frequency and
incontinence, dysarthria, dysphagia as well as extrapyramidal signs such as hypokine-
sia and rigidity [3]. However, these focal neurological signs are often subtle.

Cortical Vascular Dementia

Cortical VaD (MID, poststroke VaD) has been traditionally characterized by a rela-
tively abrupt onset (days to weeks), a stepwise deterioration (some recovery after
worsening), and a fluctuating course (e.g. difference between days) of cognitive
functions [1, 2, 24, 25]. Cortical VaD relates predominantly to large vessel disease
and cardiac embolic events. It is characterized by predominantly cortical and cor-
tico-subcortical arterial territorial and distal field (watershed) infarcts. The early
cognitive syndrome of cortical VaD includes some memory impairment, which
may be mild, and some heteromodal cortical symptom(s) such as aphasia, apraxia,
agnosia and visuospatial or constructional difficulty. In addition, most patients have
some degree of dysexecutive syndrome. Due to the multiple cortico-subcortical
infarcts, patients with cortical VaD often have additional neurological deficits such
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as visual field deficits, lower facial weakness, lateralized sensorimotor changes and
gait impairment [25].

Alzheimer’s Disease with Cerebrovascular Disease

AD and CVD coexist in a large proportion of patients. Further, CVD also plays an
important role in determining the presence and severity of clinical symptoms of AD
[26]. AD with CVD can present clinically either as AD with evidence of vascular
lesions upon brain imaging or with clinical features of both AD and VaD [27]. In
a Canadian study, typical AD presentations with one or more features pointing to
‘vascular aspects’ derived from the Hachinski Ischemic Scale [28], were used suc-
cessfully to diagnose AD plus CVD in combination with neuroimaging of ischemic
lesions [7]. Vascular risk factors, and focal neurological signs were present more often
in AD with CVD than in ‘pure’ AD. Other clinical clues for a diagnosis of AD with
CVD were gained from analyses of disease course characteristics and presentations of
patchy cognitive deficits, early onset of seizures and gait disorder. A better solution
to recognizing patients with AD plus CVD would be to discover reliable biological
markers of clinical AD. Other potential markers include early prominent episodic
memory impairment, early and significant medial temporal lobe atrophy on MRI,
bilateral parietal hypoperfusion on single photon emission computed tomography
and low concentrations of cerebrospinal fluid AP peptides with high tau protein.

Conclusions

VCI is a modification of the terminology related to vascular burden of the brain,
reflecting the all encompassing effects of CVD on cognition. VCI incorporates the
complex interactions between vascular etiologies, risk factors and cellular changes
within the brain and cognition. VCI refers to all etiologies of CVD including vas-
cular risks which can result in brain damage leading to cognitive impairment. VCI
may include cases with cognitive impairment related to hypertension, diabetes or
atherosclerosis, transient ischemic attacks, multiple corticosubcortical infarcts, silent
infarcts, strategic infarcts, small vessel disease with WMLs and lacunae, as well as AD
pathology with coexisting CVD.

The impairment encompasses all levels of cognitive decline, from the earliest deficits to
a severe and broad dementia like cognitive syndrome. The concept and definition of VCI
are still evolving, but the diagnosis should not be confined to a single etiology comparable
to the traditional ‘pure AD’ concept. The two main factors to be defined in VCI are the
severity of cognitive impairment, and the pattern of affected cognitive domains. Early rec-
ognition of VCI will open new prospects for prevention and treatment of the vascular bur-
den of the brain, which is currently done primarily by controlling vascular risk factors.
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Abstract

The concept of vascular dementia (VaD) has greatly evolved in the past decades. Advances in neu-
roimaging techniques have led to a better identification of cases with small vessel disease and
chronic ischemic changes. Autopsy data from population-based studies have revealed the frequent
occurrence of both vascular and degenerative lesions in aged brains. However, the clinical signifi-
cance of vascular pathology has been difficult to establish. This chapter will review data from clinico-
radiological and clinicopathological studies that have attempted to define the cognitive impact of
macroscopic and microscopic ischemic pathology in pure VaD and in cases with associated degen-
erative pathology. Magnetic resonance imaging studies have focused on lacunes and white matter
lesions, whereas autopsy series have provide important insights into the clinical correlates of macro-
infarcts, lacunes, diffuse and periventricular demyelination, microinfarcts and focal and diffuse glio-
sis. Results from these studies have led to a better understanding of the influence of lesion type,
location and severity on cognitive function. Vascular scores have been proposed that can be com-
bined with well-established classifications of Alzheimer’s disease (AD) pathology to distinguish
mixed dementias from pure AD and pure VaD. Copyright © 2009 S. Karger AG, Basel

The consequences of apoplexy on intellectual function were described in ancient
times but the first reports clearly linking cerebral softening, arteriosclerosis and vas-
cular occlusion date back to the early and mid-19th century. In the late 19th century,
Binswanger described three major forms of dementia related to vascular pathology:
(1) encephalitis subcorticalis chronica progressiva associated with severe white mat-
ter atrophy and ventricular enlargement without any evidence of focal disease, (2)
arteriosclerotic brain degeneration which presented with widespread large artery
arteriosclerosis and cortical and white matter discoloration and (3) dementia post-
apoplexiam which was characterized by acute onset and focal deficits. Alzheimer



described glial proliferation and scarring in encephalitis chronica progressiva and
senile cortical atrophy associated with wedge-shaped cortical infarcts and softened
convolutions with many punctuate indentations [1]. These descriptions did not
include precise clinicopathological correlations, provided no information on the rela-
tionship between clinical findings and lesion type, severity and location, and thus
were unable to fully validate the contribution of the above lesions to the development
of intellectual dysfunction of vascular origin.

During the 20th century, emphasis was first put on arteriosclerosis of cerebral
blood vessels without a clear description of the exact lesion responsible for cognitive
changes, but soon stroke was felt to be the major cause of vascular dementia (VaD).
Later, the concept evolved to include multiple physiopathological mechanisms related
to deficiencies in blood supply including large vessel disease, small vessel pathol-
ogy, consequences of cerebral hypoperfusion and hemorrhage. Complicating matters
further, the pathological examination of older brains in large community samples
revealed a high frequency of vascular lesions even in the absence of dementia. These
include macroinfarcts, lacunes, demyelination, gliosis and cortical microinfarcts (fig.
1). Over three quarters of autopsies performed in participants of the Medical Research
Council Cognitive Function and Ageing Study (mean age at death of 85 years for men
and 86 years for women) showed cerebrovascular pathology, and 95% of postmortem
magnetic resonance imaging (MRI) scans exhibited white matter lesions (WML) [2,
3]. In this study, cerebral vascular lesions were common in both demented and non-
demented individuals, although multiple lesions were more frequent in the former
group.

The development of universally recognized clinical and neuropathological criteria
for VaD has been greatly hampered by the lack of precise information linking spe-
cific lesions to intellectual dysfunction. This chapter will attempt to answer several
key questions: (1) Among the numerous vascular lesions encountered in older brains,
which ones are important from a cognitive point of view? (2) Which characteristics
of these lesions are the best correlates of intellectual function (location, size or type)?
(3) Can neuroimaging and neuropathology help define the broad spectrum of mixed
dementia (MD) and its extremes (pure VaD and pure Alzheimer’s disease, AD)?

Brain Macroinfarcts and Post-Stroke Dementia

VaD has long been thought to result from cerebral infarction based on a large body of
epidemiological data. From a neuropathological point of view, this concept was estab-
lished in part by the landmark studies of Tomlinson who demonstrated the impor-
tance of infarct size. In his experience, cerebral softening of 50 ml or more occurred
in one third of demented individuals but only rarely in nondemented people. He also
showed that dementia was always present when 100 ml or more of brain tissue were
damaged due to stroke [4, 5].
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Fig. 1. a Multiple brain infarcts. b Lacune in the putamen (arrow) and in the frontal white matter
(arrowhead). c Deep white matter demyelination. d Cortical microinfarct scars (Globus silver impreg-
nation). Scale bar (for d) 700 um.

The term multi-infarct dementia was later introduced by Hachinski to describe the
intellectual consequences of multiple strokes of thromboembolic origin and led to the
development of the ischemic score that is still used in some studies today [6]. In this
concept, the number and location of strokes was felt to be more important than the
actual volume of affected tissue.

Although VaD can be described as a consequence of an acute ischemic event, it is
important to note that individuals with stroke are at much higher risk of developing
intellectual impairment during the following years [7]. This raises an important issue:
is the delayed onset of dementia due to repeat stroke, concomitant neurodegenerative
disease or an associated chronic ischemic process?

Microscopic Infarcts

Several authors have suggested that microscopic ischemic pathology may be more
important than large infarcts in the development of dementia. In one series of 130
older individuals, microinfarcts were more common in severely demented and cogni-
tively impaired cases than in aged controls without cognitive impairment as opposed
to large infarcts which were more common in the latter group [8]. In another study
of elderly autopsied cases with mild to moderate AD and controls, the presence of
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microvascular cerebral pathology was correlated with dementia [9]. Unfortunately,
the cognitive impact of microscopic infarcts has been difficult to define since such
lesions are diffusely developed within the brain and may be inadequately assessed
when a standard neuropathological examination is performed. Their evaluation
requires systematic bilateral examination of cortical regions known to be highly
involved in dementia such as the hippocampus and neocortical association areas.
Furthermore, concomitant vascular or degenerative lesions may mask the effect of
microscopic infarcts.

This issue has been addressed in an autopsy series of 45 elderly individuals with
vascular pathology confined to microvascular infarcts, gliosis and demyelination that
excluded cases with significant neurodegenerative pathology. Cortical microinfarcts
proved to be the most powerful correlate of cognitive status in both univariate and
multivariate analyses with a clear association between the severity of the microinfarct
score and the level of global cognitive function [10]. Focal cortical and white matter
gliosis were not related to the clinical findings.

Lacunes

Lacunes are commonly encountered in the brains of older people and may represent
the most frequent type of cerebrovascular lesion [11]. The clinical expression of lacu-
nes has been the source of conflicting reports. In a large cross-sectional MRI study of
AD and subcortical ischemic VaD, volume of lacunes was not a significant correlate
of cognitive measures [12] However, in a follow-up 3-year longitudinal study lacu-
nar volume did not predict global cognition but did seem to modulate the clinical
consequences of decreased hippocampal volume [13]. Interestingly, lacunes appeared
to have a small effect on executive function but not on memory [14]. In a relatively
rare familial form of VaD, cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy, lacunes were the main MRI correlate of cognitive
dysfunction [15].

In a large neuropathological study, lacunes were found in one quarter of cogni-
tively intact elderly [16]. In contrast, the nun study clearly demonstrated the impor-
tant influence of lacunes on the occurrence of dementia when AD pathology is also
present [17]. From a neuropathological point of view, the assessment of lacunes
raises issues similar to those discussed above for microinfarcts, bilateral evaluation of
regions known to be important for cognition is necessary but standard neuropatho-
logical procedures usually do not include such an approach [18]. An autopsy series
of older individuals that applied such a method and included cases with lacunes and
demyelination but excluded macroinfarcts and significant neurofibrillary tangle for-
mation (Braak stage higher than II excluded), illustrated the importance of location
as well as lesion type in determining the cognitive consequences of vascular pathol-
ogy. Lacunes in frontal, parietal and temporal deep white matter were unrelated to
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cognitive status as opposed to lacunes in the thalamus and basal ganglia that exhibited
a clear relationship between severity of lacunar pathology and global cognitive func-
tion. Interestingly, multivariate analysis showed that microinfarcts remained stronger
predictors of cognitive status than both thalamic and basal ganglia lacunes [19].

Periventricular and Diffuse Demyelination

The ever-increasing use of modern neuroimaging methods has led to the increased
recognition of WML. Although they are particularly common in the elderly, their
clinical significance is unclear. Their presence has been associated with cognitive
impairment and depression, but MRI-based studies have shown that they also occur
in individuals with normal cognitive function and that age is the strongest predictor
of the presence and severity of cerebral WML [20]. They are anatomically divided
into periventricular and deep subcortical WML, and some studies have suggested
that their consequences on cerebral cognitive and affective function may depend on
their location. In the Rotterdam Scan Study of 1,077 community-dwelling elderly,
periventricular WML were related to global cognitive function, but subcortical WML
were not [21]. In a study of individuals with AD, periventricular WML were associ-
ated with impaired executive function and subcortical WML with depressed mood
[22]. However, recent data have shown that periventricular and deep white matter
hyperintensities are highly correlated with each other, which may explain some of
the difficulties encountered when trying to identify their differential effect on cogni-
tion [23]. There also appears to be a threshold effect that modulates the pattern of
neuropsychological impairment. Cases with mild WML have lower scores on tests of
episodic memory, whereas patients with severe WML have lower scores on tests of
working memory [24].

WML and lacunes often coexist, and their independent contribution to cognitive
function can be difficult to establish. In a study of 46 patients with newly discov-
ered lacunar stroke, the presence of leukoaraiosis was associated with worse cog-
nitive function [25]. Other MRI studies using multivariate analyses have reported
that WML remain weak independent predictors of cognitive status and longitudinal
decline but not lacunar volume [12, 13]. Interestingly, this contrasts with neuropatho-
logical studies discussed below with opposite results. In this regard, it is important to
note that WML identified by neuroimaging correspond to variable combinations of
myelin and axonal loss, scattered microinfarcts, astrogliosis and dilatation of periven-
tricular spaces and that neuropathology remains the most specific approach for the
identification of demyelination [26, 27].

Two autopsy series that excluded cases with macroinfarcts or significant neuro-
fibrillary tangle pathology reported that both periventricular and deep subcortical
demyelination were related to cognition [10, 19]. In the first study, periventricular
WML were more closely correlated to clinical findings, but in the second study both
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types of WML contributed equally to global cognitive dysfunction. In multivariate
analyses, demyelination was the weakest independent correlate of global cognitive
function and was no longer a significant factor after controlling for the presence of
lacunes.

Interaction with Alzheimer’s Disease Lesions: Pure and Mixed Dementias

MD occurs when Alzheimer pathology and cerebral vascular lesions both lead to the
presence of cognitive impairment. As AD and VaD are the most common causes of
dementia in the elderly, it is not surprising that they often coexist. However, the inter-
action between degenerative and vascular pathology and their relative contribution
to the occurrence of dementia has been difficult to define. This is complicated by
the fact that MD represents a large spectrum of disease between cases with marked
AD pathology and few vascular lesions at one extreme and cases with severe vascu-
lar pathology and minimal AD changes at the other. In advanced stages of AD, the
neurodegenerative pathology appears to overwhelm the cognitive effect of associated
vascular lesions [28]. On the other hand, the study of borderline cases (Braak III neu-
rofibrillary tangle stage) at high risk for dementia confirmed the cognitive impact of
cortical microinfarcts and periventricular demyelination [29].

From a structural radiological perspective, medial temporal atrophy is generally
considered to be the best surrogate marker of degenerative pathology in AD. In cases
with both small vessel disease and medial temporal atrophy, the latter appears to be
the stronger predictor of the presence of dementia [12, 30, 31]. A recent multivariate
analysis of MRI findings in MD has reported that both medial temporal atrophy and
large vessel disease contribute to global cognitive impairment, whereas the cognitive
impact of white matter hyperintensities was restricted to certain tests of executive
function (symbol digit modalities and digit cancellation) and that of multiple lacunar
infarcts and thalamic lesions to worse verbal fluency [32].

From a neuropathological point of view, lacunes and small vessel disease are par-
ticularly important determinants of cognitive impairment in people with AD lesions
[33]. In a large autopsy series of 148 aged individuals, the odds for dementia were
increased fourfold in cases with AD pathology in the presence of cortical infarcts;
a similar fourfold increase also occurred in the presence of subcortical infarcts
[34]. More than half of the subjects with macroscopic infarcts also had microscopic
infarcts; the latter were not separately related to dementia in this series. It is likely
that the presence of concomitant macroscopic pathology may have masked the cog-
nitive consequences of microscopic lesions. This is supported by another evaluation
of 156 autopsied elderly subjects with varying degrees of AD, lacunar and micro-
vascular pathology but without macrovascular infarcts [35]. In this study, cortical
microinfarcts and thalamic and basal ganglia lacunes were all significant correlates
of cognitive function. Again, frontal, temporal and parietal white matter lacunes,
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periventricular and diffuse white matter demyelination and focal and diffuse cortical
gliosis were not associated with cognition in multivariate analyses. The authors devel-
oped thresholds for vascular and degenerative pathology based on neurofibrillary
Braak staging on the one hand and microinfarcts and thalamic and basal ganglia on
the other that were able to predict the presence of dementia with great accuracy and
provided a strong basis for distinguishing pure VaD or AD from mixed cases (fig. 2).

Conclusion

Clinicoradiological and clinicopathological studies have led to a better understanding
of the various lesions involved in the development of vascular and mixed demen-
tias. Although large vessel disease leading to strategic or multiple infarcts is a well
established form of VaD, it appears that small vessel disease and chronic ischemia are
probably the most common underlying pathology in VaD. Microinfarcts seem to be
the most powerful correlate of cognitive status in cases without macroscopic infarcts.
It is important to note that microinfarcts are not visible in vivo through neuroimag-
ing modalities, which suggests that a number of cases clinically diagnosed as pure AD
may in fact represent cases of MD resulting from both neurodegeneration and micro-
scopic ischemic pathology. Data on lacunes illustrate the importance of lesion location
in determining the cognitive consequences of cerebral vascular pathology. In fact, AD
cases associated with lacunes confined to frontal, parietal and temporal white matter
should not be diagnosed as MD; in such situations, the cognitive deterioration should
be attributed solely to the degenerative pathology. The cognitive impact of WML
remains difficult to define. Neuropathological evaluation is particularly important for
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the evaluation of such lesions as it has the advantage of a more precise identification
of demyelination compared to neuroimaging techniques. Postmortem morphologi-
cal examination clearly shows that both periventricular and deep subcortical WML
may be associated with cognitive changes, but this relationship does not appear to
be very robust. Since lacunes and WML often coexist, each may mask the other’s
effect. In contrast to reports based on neuroimaging series, multivariate analyses of
neuropathological data strongly suggest that lacunes are the stronger determinant of
cognitive function.

Clinicopathological studies in AD have demonstrated that neurofibrillary tangle
staging is a strong correlate of cognitive function in this disease and that amyloid
staging does not have any significant additional power to predict clinical findings. It
has been possible to build on this information, incorporating results of recent stud-
ies outlining the clinical impact of lacunes and microscopic ischemic pathology and
propose a simple semiquantitative vascular score that can be used with Braak neuro-
fibrillary tangle staging to develop neuropathological criteria for MD.
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Is It Possible to Treat Vascular Dementia?
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Abstract

Randomized controlled trials of primary and secondary prevention of vascular dementia demon-
strate real effects on the cause or progression of disease (disease-modifying treatment). These strat-
egies lead to a reduction in all cerebrovascular risk factors, in particular hypertension. Such treatment
may prevent dementia by reducing stroke and possibly by other mechanisms that remain undeter-
mined, such as those involved in neurodegeneration and cell death. Curative treatment of vascular
dementia, particularly given recent studies on cholinesterase inhibitors (rivastigmine, donepezil and
galantamine) and memantine, is still ineffective. There is insufficient evidence to support widespread
use of these drugs in vascular dementia. Particular considerations should be taken into account in
clinical trials. Vascular dementia is a heterogeneous disease with different subtypes and mecha-
nisms. Therefore, well-designed, adequately powered trials accounting for this heterogeneity, with
better clinical definitions and an assessment and detection of cognitive and global changes specific
to vascular dementia, are needed. Copyright © 2009 S. Karger AG, Basel

The Three Main Objectives in the Treatment of Vascular Dementia
Prevention

Before Stroke (Primary Prevention)

One of the most promising lines of research involves trials of preventive treatment
in individuals with multiple risk factors: smokers, diabetics, atrial fibrillation, car-
diac and hypertensive patients. In addition, recent epidemiological studies suggest
that primary prevention of dementia in such patients should be applied from midlife.
A retrospective cohort study was carried out, involving 8,845 participants from a
health maintenance organization undergoing health evaluations between 1964 and
1973, between the ages of 40 and 44. Midlife cardiovascular risk factors included
total cholesterol, diabetes, hypertension, and smoking. Diagnoses of dementia were
ascertained from medical records between January 1994 and April 2003. The authors
identified 721 participants (8.2%) with dementia. Smoking, hypertension, high



cholesterol, and diabetes at midlife were each associated with an increase in risk of
dementia of between 20 and 40% (fully adjusted Cox proportional hazards model: HR
1.24, 95% confidence interval (CI) 1.04-1.48 for hypertension, HR 1.26, 95% CI 1.08-
1.47 for smoking, HR 1.42, 95% CI 1.22-1.66 for high cholesterol, and HR 1.46, 95%
CI 1.19-1.79 for diabetes). A composite cardiovascular risk score was created using
all four risk factors and was associated with dementia in a dose-dependent fashion.
Compared with participants having no risk factors, the risk for dementia increased
from 1.27 for having one risk factor to 2.37 for having all four risk factors [1]. In
this study, the presence of multiple cardiovascular risk factors at midlife substantially
increased risk of late-life dementia in a dose-dependent manner. It thus remains to
be shown that interventions targeting these risk factors — giving up smoking; con-
trol of diabetes, hyperlipidemia and obesity; carotid endarterectomy for symptomatic
patients with 70-99% carotid stenosis; anticoagulants for atrial fibrillation; aspirin
for patients at high primary risk and antihypertensives — would allow reduction of
the risk of later development of dementia. Only a few studies of intervention exist.
In the SHEP study [2], treatment of isolated systolic hypertension in individuals over
the age of 60 years led to a 36% reduction in the incidence of stroke. The SYST-EUR
trial [3] reported a 42% reduction in the overall incidence rate for stroke using anti-
hypertensive treatment in a similar population. It is not known whether treatment of
hypertension can prevent vascular dementia. In the same trial, in elderly people with
isolated systolic hypertension, antihypertensive treatment was associated with a lower
incidence of dementia (vascular but also Alzheimer’s disease) [4]. Their findings sug-
gested that if 1,000 hypertensive patients were treated with antihypertensive drugs
for 5 years, 19 cases of dementia would be prevented. In the Study on Cognition and
Prognosis in the Elderly, elderly patients with mildly to moderately elevated blood
pressure, who received angiotensin receptor blocker candesartan-based therapy, had
a slightly larger reduction in blood pressure than patients receiving placebo. This was
associated with a modest, statistically nonsignificant reduction in major cardiovas-
cular events and a marked reduction in nonfatal stroke. However, cognitive function
was well maintained in both treatment groups in the presence of substantial reduc-
tions in blood pressure [5]. More recent analyses suggested that candesartan-based
treatment improved cognitive function and quality of life in old and very old patients
with mild to moderate hypertension [6, 7]. In the Rotterdam study, subjects taking
antihypertensive medication at baseline (n = 2,015), who were then followed for a
mean of 2.2 years, had a reduced incidence of dementia (adjusted relative risk, 0.76;
95% CI, 0.52-1.12). This reduction in risk was most pronounced for vascular demen-
tia (adjusted relative risk, 0.30; 95% CI, 0.11-0.99) [8]. Thus, there seems to be clear
prognostic benefits of treatment that lowers blood pressure in hypertensive patients.
Randomized controlled trials addressing interventions to minimize other risk
factors mentioned above, such as warfarin treatment in atrial fibrillation or carotid
endarterectomy, based their study end-points on the prevention of strokes and not
the prevention of dementia. This is also true for the study of statins. Statins have been
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shown to prevent both incident and recurrent cerebral ischemic stroke [9-11]. Given
the benefit of preventing recurrent stroke, it would seem reasonable to treat vascular
dementia patients with statin therapy to prevent stroke. To date, however, there is no
evidence that statin therapy reduces the risk of incident dementia. A post-hoc analy-
sis of the Cardiovascular Health Study revealed a trend towards reduced cognitive
decline in patients treated with statins, but there was no change in the risk of incident
dementia in this cohort [12-13]. Similarly, two other prospective cohort studies also
failed to show a reduction in dementia associated with statin use [14-15]. A large ran-
domized controlled trial in Australia, the ASPirin in Reducing Events in the Elderly
trial, is currently ongoing; this study is investigating the use of 100 mg of aspirin for
the primary prevention of major adverse events and vascular dementia [16].

After Stroke or Silent Cerebral Ischemia (Secondary Prevention)

This deals with early management of acute stroke, preventing recurrent stroke and
reducing the progression of vascular-related changes in the brain by treating vascular
risk factors. The Perindopril Protection Against Recurrent Stroke Study [17] showed
that active treatment by an angiotensin-converting enzyme inhibitor, used alone or
combined with a diuretic, was associated with a reduced risk of dementia and cogni-
tive decline in patients with recurrent stroke. In addition, an active blood pressure-
lowering regimen stopped or delayed the progression of white matter hyperintensities
detected on cerebral MRI in patients with cerebrovascular disease [18].

Curative Treatment

Once dementia has begun, new infarcts need to be prevented and its progression
needs to be slowed down. A variety of treatments for vascular dementia have been
tested. These include agents which affect cerebral blood flow. Meyer et al. [19] report
encouraging results from a randomized clinical trial testing 325 mg of aspirin per
day in 70 patients with vascular dementia. Daily aspirin treatment improved cogni-
tive performance and reduced or stabilized the decline in cerebral perfusion in this
group of patients. The authors stated that this treatment also improved quality of life
and independence in daily activities. Nimodipine treatment has also been suggested
for vascular dementia. This drug exerts its vasoactive effects by dilating mostly small
and collateral cerebral vessels and improving blood supply to underperfused areas.
In an open trial [20], cognitive function was found to stabilize in 31 patients treated
with a daily dose of 90 mg nimodipine for up to 1 year. However, it is very difficult to
draw any firm conclusions in the absence of randomized placebo-controlled studies
of large populations. In a double-blind, placebo-controlled study [21], 112 patients
were treated with nicergoline, a thrombolytic, vasoactive ergot alkaloid. Nicergoline
improved vigilance and information processing in the neuropsychological assessment
of patients with degenerative and vascular dementia. Several studies have investigated
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the use of pentoxifylline, which has been approved for use in peripheral vascular dis-
ease (intermittent claudication) and is reported to have a ‘hemorheological’ mode of
action, i.e. it is thought to affect the microcirculation, increasing capillary blood flow
and thereby improving tissue oxygenation [22, 23]. These studies suggested that the
treatment may be beneficial but the differences between patients receiving treatment
and those given the placebo were small and often not statistically significant. Another
drug which may be effective is propentofylline [24-26], which strongly inhibits the
potentially neurotoxic actions of activated microglia (free radical formation and
transformation into brain macrophages). This drug may inhibit the progressive neu-
rodegenerative process in dementia; however, randomized, double-blind placebo-
controlled trials are required to establish whether this drug is effective. Long-term
benefits have not been consistently demonstrated for any of these drugs. A recent
Cochrane review (meta-analyses of 29 studies; total participants = 4,247) on Ginkgo
biloba extract, concluded that the evidence that Ginkgo has predictable or clinically
significant benefit for people with dementia (all etiologies) or cognitive impairment
is inconsistent and unconvincing [27].

Recent evidence supports the involvement of the cholinergic system in vascular
dementia, similar to that seen in Alzheimer’s disease (AD). The mechanism of action
of cholinesterase inhibitors in vascular dementia should, however, be investigated fur-
ther [28, 29]. Several studies have tried to determine the effect of cholinesterase inhibi-
tors on vascular dementia, but the results are also limited and inconsistent. A recent
meta-analysis of randomized controlled trials concluded that cholinesterase inhibitors
and memantine produce small benefits in cognitive function and do not necessarily
have clinical significance in patients with mild to moderate vascular dementia [30].
According to the authors, there are insufficient data to support widespread use of these
drugs in vascular dementia. The trials meeting the selection criteria for this meta-
analysis included three donepezil (307, 308, 319) [31-33], two galantamine (GAL-
INT-6 and 26) [34, 35], one rivastigmine (VantagE) [36], and two memantine trials
(MMM300 and 500) [37, 38], comprising 3,093 patients on the study drugs and 2,090
patients on placebo (table 1). Cognitive effects on the Alzheimer’s Disease Assessment
Scale were significant for all drugs, ranging from a mean difference of -1.10 (95% CI
-2.15 to -0.05) for rivastigmine to -2.17 for 10 mg daily donepezil (95% CI -2.98 to
-1.35). Only 5 mg daily donepezil had an effect on the Clinicians’ Global Impression
of Change Scale [odds ratio 1.51 (95% CI 1.11-2.07)]. No behavioral or functional
benefits were observed, except for a difference of -0.95 (95% CI -1.74 to -0.16) on
the Alzheimer’s Disease Functional Assessment and Change Scale for treatment with
10 mg daily donepezil. The main outcomes of these trials are described in table 2.
Strengths of this meta-analysis include the exclusion of biased studies and the inclu-
sion of unpublished results from three trials not included in previous reviews:

(1) The GAL-INT-26 study, which is now published, showed that galantamine
was effective for improving cognition, including executive function, in patients
with vascular dementia, with good safety and tolerability. However, improvement in
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Table 1. Characteristics of patients from randomized controlled trials for cholinesterase inhibitors and memantine for vas-

cular dementia

Trial Design and patients Characteristics of vascular lesions, %
Length Inclusion Patients Mean Males Mean Mean Cortical Sub- Cortical ~ White  Extensive Combined
weeks criteria age % MMSE ADAS- only cortical and sub- matter white with AD
[44-49] cog/11 (single/  only cortical'  only matter'  lesions
multiple (lacu-
infarcts)' nes)’

Donepezil 24 probable 603 739 55 213 20.7 18-21 33-36 17-23 18 -
307 [31] or (7.37) (4.25) (10.4)
5and 10 possible
mg/day VabD [44]

MD

excluded
Donepezil 24 probable 616 75.0 60 223 20.1 25 35 20 15 -
308 [32] or (7.44) (4.31)  (10.0)
5and 10 possible
mg/day VaD [44]

MD

excluded
Donepezil 24 probable 974 73.0 59 23.0 -
319[33] or (9.36) (=)
5 mg/day possible

VaD [44]

MD

excluded
GAL-INT-6 24 probable 592 75.1 53 20.5 228 39-46 40-47 7-8 64 48
[34] VaD [44] (7.00) (3.63) (9.18)
24 mg/day or MD

[45]
GAL- 26 probable 788 723 64 203 22.7 41-46 31 52 -
INT-26 [35] VaD [44] (8.87) (3.90) (9.50)
16 and 24 MD
mg/day excluded
VantagE 24 probable 710 72.9 61 19.2 233 69-72 -
[36] VaD [44, (8.32) (4.01)  (9.88)
6t0 12 46] MD
mg/day excluded
MMM300 28 probable 288 76.4 53 16.9 21.0 34-37 76-79 -
[37] VaD [44, (6.68) (2.52)  (9.15)
20 mg/day 471 MD

excluded
MMM500 28 probable 548 77.4 61 17.6 257 28-29 -
[38] VaD [44, (6.94) (3.25) (11.0
20 mg/day 48, 49]

MD

excluded
Figures in parentheses indicate SD. ... = Data not available; VaD = vascular dementia; AD = Alzheimer’s disease; MMSE = Mini-Mental State Examination;

ADAS-cog/11 = Alzheimer’s Disease Assessment Scale-Cognitive subscale; mixed dementia = vascular dementia and Alzheimer’s disease.

"Two results correspond to results in the treated and placebo groups respectively.
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Table 2. Outcomes of randomized controlled trials for cholinesterase inhibitors and memantine for vascular dementia

Trial Cognitive outcomes (ADAS-cog/MMSE) Clinicians global Functional scales/behavior
outcomes
(CGIC/CIBIC-plus)
treatment placebo comments treatment placebo  treatment comments
vs. placebo
Donepezil Improvement Decline Only 10 mg differed Tendencyto  Nochange Not Only 5 mg was significantly
307 [31] from placebo improve significant ~ associated with improvement
5and 10 Post-hoc analyses (ADFACS) or no change versus decline
mg/day suggested greater in global scores
improvement in patients Only 10 mg differed from
with cortical and placebo in functional scales
multiple territorial
lesions compared to
those with
predominantly
subcortical lesions
Donepezil Improvement Decline Only 10 mg differed Tendencyto  Nochange Not Only 5 mg was significantly
308 [32] from placebo improve significant  associated with improvement
5and 10 Post-hoc analyses (ADFACS) or no change versus decline
mg/day suggested greater in global scores
improvement in patients Only 10 mg differed from
with cortical and placebo in functional scales
multiple territorial
lesions compared to
those with
predominantly
subcortical lesions
Donepezil Tendencyto  Nochange Additional tests of No
319[33]  improve frontal executive significant
5 mg/day function did not improve (disability
detection of treatment assessment
effects for
dementia)
GAL-INT-6  VaD: VaD: All cohort: No change No
[34] improvement improvement improvement significant
24 mg/ MD: slight MD: slight VaD: no (disability
day improvement improvement change assessment
for
dementia;
NPI)
GAL- Improvement No change Post-hoc analyses Tendencyto  Nochange No Post-hoc analyses suggested
INT-26 suggested greater improve significant ~ greater improvement in
[35116 improvement in patients (ADCS-ADL; patients with cortical and
and 24 with cortical and NPI) multiple territorial lesions
mg/day multiple territorial compared to those with
lesions compared to predominantly subcortical
those with lesions
predominantly
subcortical lesions
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Table 2. Continued

Trial Cognitive outcomes (ADAS-cog/MMSE) Clinicians global Functional scales/behavior
outcomes
(CGIC/CIBIC-plus)
treatment placebo comments treatment placebo  treatment comments
vs. placebo
Vantage  Slight Slight decline  Additional tests of Slight decline  Slight No
[36] improvement frontal executive decline significant
61012 function did not improve (ADCS-ADL;
mg/day detection of treatment NPI)
effects
MMM300 No change No change Larger effects in No changeor Nochange No
[37] subgroups that tendency to significant
20 mg/ predominantly had small improve (NOSGER)
day vessel disease, and with
MMSE<15, due to
decline in placebo group
MMM500 No change No change Larger effects in No
[38] subgroups who significant
20 mg/ predominantly had (NOSGER)
day small-vessel disease, and

with MMSE<15,
due to worsening in
placebo group

... = Data not available; MD = mixed dementia (VaD and AD); ADAS-cog/11 = Alzheimer’s Disease Assessment Scale-Cognitive subscale; CGIC = clini-
cian’s global impression of change; CIBIC-plus = clinicians’ interview-based impression of change with caregiver’s input; ADFACS = AD functional
assessment and change; ADCS-ADL = AD Cooperative Study ADL inventory; NPl = Neuropsychiatric Inventory; NOSGER = Nurses’ Observation Scale

for Geriatric Patients.

performing daily activities in patients on galantamine was similar to that observed in
patients receiving placebo [35].

(2) The VantagE study, which is now published, showed that rivastigmine was not
consistently effective in probable vascular dementia. The efficacy in terms of cogni-
tive outcome was based on effects in older patients likely to have concomitant AD
pathology. This is consistent with previous findings suggesting that the putative cho-
linergic deficit in vascular dementia probably reflects the presence of concomitant
AD pathology [36].

(3) The Donepezil 319 study remains unpublished [33].

The findings of this recent meta-analysis are not inconsistent with earlier reviews
of rivastigmine, galantamine and memantine. Previous Cochrane reviews have con-
cluded that there was insufficient evidence to support the use of these three drugs (gal-
antamine, rivastigmine and memantine) in patients with vascular dementia [39-41].
However, results in the meta-analysis for donepezil differ from an earlier review of
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the Cochrane Database [42] and from a manufacturer-sponsored review [43]. This
is mainly due to the inclusion of the unpublished trial (trial 319), which substantially
attenuated the global effects observed for the 5 mg dose [from -0.24 (95% CI -0.40 to
-0.08) to -0.15 (95% CI -0.26 to —0.04)]. At the same time, the risk of death was signif-
icantly higher with donepezil than with placebo in trial 319. The evidence of a smaller
effect size for cognitive and global outcome, the suggestion of increased mortality with
5 mg donepezil, and the lack of overall benefit with the 10 mg dose, suggest that a
guarded position on the use of donepezil for vascular dementia should be adopted.

Currently, there is not enough evidence to recommend cholinesterase inhibitors
and memantine as treatment for vascular dementia. Regulatory approval for the treat-
ment of vascular dementia with these drugs has not been acquired in most parts of
the world, despite some positive but small effects observed in clinical trials.

Several important factors should be considered for the interpretation of clinical
trials for vascular dementia:

The Heterogeneity of the Disease Itself

The trials included patients with clinically heterogeneous cerebrovascular disease and
by design could not address whether particular patient subgroups might have ben-
efited. Patients with vascular dementia varied widely in terms of type, location, and
extent of cerebrovascular disease. Divergent processes (e.g. single large-vessel lesion
or multiple infarct, diffuse leukoencephalopathy and/or lacunes) are potentially
included and clinical presentation and progression may differ, and may respond dit-
ferently to the drugs tested. Additional heterogeneity both within and between trials
may result from different choices of diagnostic imaging methods. For example, trials
relying to a greater degree on MRI than CT scans may have been more likely to iden-
tify patients with smaller lesions and white matter disease (table 1). Consequently,
individual patient analyses are needed to identify subgroups of patients with vascular
dementia who might benefit from a treatment.

The High Prevalence of Mixed Pathology, Especially in the Elderly

Vascular lesions coexisting with AD lesions may lead to the detection of small effects
in the vascular dementia trials, due to effects on comorbid AD, specific subtypes of
vascular dementia, or a combination of both.

Selection of Tools Specific to Vascular Pathology

The ADAS-cog test, used in AD trials, essentially provides a composite score of mem-
ory, language and orientation. It does not assess attention and the range of executive
dysfunction or subcortical impairment associated with vascular dementia.

The Trial Length
The trials lasted 6 months and were designed to specifically assess symptomatic rather
than neuroprotective effects.
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Symptomatic Treatment of Cognitive and Neurological Deficits and the Support of
Carers

Physiotherapy can avoid complications of motor function (scarring, ankyloses and
retraction of the tendons), increasing the patient’s level of independence. Speech ther-
apy is also beneficial. Rehabilitation is often limited by progression of the dementia.
At this stage of the illness, simple practical measures such as avoiding falls are very
effective. It is also of utmost importance to ensure that the drug treatment does not
provoke hypotension.

In general, the management of patients with vascular dementia is similar to that of
other dementia patients. If possible, the patient is cared for at home, isolation of the
subject is avoided and close attention is paid to the prescription of drugs. Behavioral
problems, secondary depression, intercurrent affections and metabolic problems are
treated and the patient is made a ward of court if necessary. Family support is encour-
aged and most importantly, the patient’s future is considered.

Conclusions

Vascular dementia is potentially preventable by treating risk factors very early in
midlife. It is vital to reduce all cerebrovascular risks, especially hypertension. Curative
treatment of vascular dementia is still ineffective, although a number of drugs are
currently under investigation. Well-designed and adequately powered trials that
account for the heterogeneity of vascular dementia are needed. These trials should
use optimal clinical definitions (stratifying by pathology/mechanisms for example)
and more specific tools for the detection of cognitive and global changes in vascular
dementia. They should allow for the extensive post-hoc analyses required in patients
with significant medical and psychiatric comorbidity. The support of carers in the
patient’s family is essential if elderly patients are to be cared for in the community.
This involves assessing the social integration, occupational activity, leisure activity,
economic problems and family conflicts associated with sharing the responsibility of
caring. By focusing on these aspects we should be able to develop successful interven-
tion strategies to treat vascular dementia.
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Abstract
Dementia with Lewy bodies is one of the most common dementias in the elderly after Alzheimer’s
disease. It can be recognized on the basis of several clinical characteristics including progressive
dementia with marked slowing and fluctuations, persistent visual hallucinations and an extrapyra-
midal syndrome. Several other clinical and imaging features are highly suggestive such as the pres-
ence of rapid eye movement sleep disorder, severe sensitivity to neuroleptics and specific
neuroimaging abnormalities. Therapeutic strategies include prescription of L-dopa and cholinest-
erase inhibitors such as rivastigmine, and avoidance of anticholinergic medications and neurolep-
tics. Physicians who care for older people should have a heightened awareness of this entity in order
to diagnose it early, avoid mistaking it for delirium and initiate appropriate treatment.

Copyright © 2009 S. Karger AG, Basel

In 1912, Friedrich Lewy described inclusion bodies that now bear his name in the sub-
stantia nigra of patients presenting with ‘paralysis agitans. In 1961, Okazaki described
Lewy bodies in the cortex of patients with cognitive impairment. At the end of the
20th century, dementia with Lewy bodies (DLB) was finally recognized as a specific
and different type of dementia. Since then, progress in the identification of the clini-
cal characteristics of DLB and improved neuropathological staining methods have
led to a greater recognition of DLB as one of the most common dementias in older
populations occurring in 10-20% of pathological series [1].

Clinical Presentation and Diagnostic Clues
Many clinicians who are familiar with Alzheimer’s disease (AD) and vascular demen-

tia, the two most common causes of dementia in the elderly, may experience dif-
ficulty in recognizing DLB. It is important to note that several clinical features are



highly suggestive of this diagnosis. In particular, DLB should be strongly suspected in
individuals who present with the following triad: dementia, visual hallucinations and
an extrapyramidal syndrome.

Dementia with Fluctuating Cognition

The cognitive dysfunction is usually of insidious onset and affects memory and other
domains. Clues to the presence of DLB include slowing and marked fluctuations in
attention and cognitive performance. The fluctuations are striking, and sometimes dif-
ficult to distinguish from a delirium, particularly since changes in attention are often
accompanied by daytime sleepiness and impaired level of consciousness [2]. This can
be problematic since some of the medications used for the treatment of delirium are
contraindicated in the presence of DLB. The general pattern of cognitive deficits in
DLB is detailed below (see ‘Neuropsychological Profile, below) but it is important
to remember that results of psychometric evaluations tend to vary due not only to
changes in attention but also to periods of highly disorganized and illogical thinking.

Extrapyramidal Syndrome

Dementia and the extrapyramidal syndrome usually present within the same year.
The extrapyramidal syndrome is generally of moderate intensity and often symmet-
rical, tremor is usually not prominent and atypical; response to L-dopa is generally
modest. However, it is important to remember that none of the symptoms of the asso-
ciated extrapyramidal syndrome are characteristic of DLB.

Hallucinations

Visual hallucinations are reported in 80% of the cases. They are persistent and must

be distinguished from hallucinations that may occur transiently upon introduction

or dose modification of therapy for the associated extrapyramidal syndrome. Patients

usually recognize that the hallucinations are not real and often do not report them

spontaneously. Auditory hallucinations may also occur but they are less common.
Several other clinical features are also suggestive of DLB.

Severe Neuroleptic Sensitivity

Adverse reactions to neuroleptics include severe extrapyramidal symptoms, altered
consciousness and increased confusion. This clinical feature was recognized quite
early as a highly suggestive clue to the presence of DLB; however, it occurs in approxi-
mately half of the cases only [3, 4]. Furthermore, complications can be serious; there-
fore, prescribing neuroleptics as a diagnostic test is not recommended.

Rapid Eye Movement Sleep Behavior Disorder

Rapid eye movement (REM) sleep is accompanied by muscle atonia preventing indi-
viduals from acting out their dreams. In DLB, muscle activity can occur during REM
sleep resulting at times in complex movements. The spouse or care giving staff may

108 Gold



report agitated sleep, vivid dreams or a chaotic state of the bedcovers in the morning.
This finding is highly suggestive of neurodegenerative disease involving a-synuclein
such as DLB, Parkinson’s disease and multisystem atrophy [5-7]. It may be one of the
earliest signs of such pathology and has been reported to precede other symptoms by
as much as 20 years [8]. In unclear cases, polysomnography can be used to document
REM sleep without atonia.

Neuropsychological Profile

The neuropsychological evaluation can identify impairments that are consistent with
DLB but, more importantly, it can provide key information to help distinguish this
entity from AD [for reviews, see 9, 10].

The memory deficit is mild and relatively stable initially as opposed to AD where
it is the central feature. Working and semantic memory are affected similarly in both
entities [10]. Verbal tests of episodic memory show greater decline in AD but visual
memory tests show no difference between DLB and AD [9-12].

Visuospatial skills are affected early in DLB, and copying performance is usually
worse than in AD cases of comparable severity. This can be demonstrated with rela-
tively simple tasks such as copying a cube or interlocking pentagons [13]. In gen-
eral, AD patients tend to have difficulty copying from memory whereas DLB patients
encounter difficulty secondary to impaired perception and praxia [10]. In a compari-
son of 10 DLB and 9 AD patients matched for age, education and global dementia
severity (as measured by the Mini-Mental State Examination), performance on the
Visual Object and Space Perception Test demonstrated substantial impairments in
object and space perception in the DLB group but not in the AD cases [14]. In another
study, individuals with DLB had greater deficits in visual discrimination, object per-
ception and space motion tasks compared with AD cases [15].

Attention and executive function including visual attention, ability to suppress dis-
traction, shifting mental sets and initiation appear to be more severely impaired in
DLB.

Neuroimaging Data

Structural neuroimaging such as CT or MRI can help rule out vascular pathology but
does not clearly differentiate DLB from AD and normal aging [16]. Although medial
temporal atrophy is more common in AD, it can also occur in half or more of DLB
cases [17-18].

Several single photon emission computed tomography (SPECT) studies have
reported decreased occipital perfusion in DLB especially when compared with AD
[19-21]. However, a recent study found similar rates of occipital hypoperfusion in
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DLB (28%) and non-DLB (31%) patients [22]. Fluorodeoxyglucose positron emission
tomography reveals occipital hypometabolism in DLB and may perform better than
SPECT in differentiating this entity from AD, but most studies include small num-
bers of patients and retrospectively determined thresholds [16].

Bilateral reduction in medial temporal perfusion is described in AD and consistent
with hippocampal involvement in this disease; however, medial temporal hypoper-
fusion can also occur in DLB. Many studies have compared the frequency of this
finding in AD and DLB with conflicting results [19, 23-25]. Parietotemporal hypop-
erfusion and hypometabolism are a well-described finding in AD; however, it has also
been described in DLB and cannot be reliably used to distinguish these two types of
dementia [16, 26-27].

Several ligands have been developed for SPECT and PET imaging of presynaptic
dopamine transporters [16] that can be used to visualize the loss of presynaptic dop-
aminergic neurons to the putamen and globus pallidus in DLB. This methodology has
been found to be highly accurate when autopsy findings are used as a gold standard.
In a series of 20 cases that underwent such scanning ante-mortem, the sensitivity and
specificity for DLB were 88 and 100% compared with 75 and 42% for clinical criteria
[25, 28]. Imaging of postsynaptic dopaminergic D2 receptors has shown an increase
in the putamen and decrease in the caudate in DLB compared with ADj; unfortu-
nately, the important overlap between both groups markedly limits the diagnostic use
of this imaging technique for individual cases [29].

Clinical Criteria

The consortium on DLB has produced diagnostic criteria based on the above find-
ings. The latest revised version was published in 2005 [30]. It includes a required
central feature (dementia), core features, suggestive features and supportive features.
The latter have no proven diagnostic specificity and are not particularly useful for
clinicians; the first three types of features are detailed in table 1.

Therapeutic Options

Adverse reactions and increased sensitivity to neuroleptics have been described with
traditional as well as some atypical neuroleptics [3, 31]. Thus, such medications
should be avoided whenever possible. If absolutely necessary, it should be kept in
mind that both olanzapine and quetiapine have been used safely in cases with DLB
and have led to a reduction in behavioral and psychiatric symptoms in studies with a
small number of subjects [32, 33]. However, a recent trial of quetiapine that included
40 patients with DLB confirmed the good tolerance of the drug but did not show any
benefit on agitation and psychosis compared with placebo [34].
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Table 1. Central, core, and suggestive features of the revised criteria for the clinical diagnosis of
DLB

1. Central features (essential for a diagnosis of possible or probable DLB)
Dementia defined as progressive cognitive decline of sufficient magnitude to interfere with
normal social or occupational function
Prominent or persistent memory impairment may not necessarily occur in the early stages
but is usually evident with progression
Deficits on tests of attention, executive function, and visuospatial ability may be especially
prominent

2. Core features (two core features are sufficient for a diagnosis of probable DLB or one for
possible DLB)
Fluctuating cognition with pronounced variations in attention and alertness
Recurrent visual hallucinations that are typically well formed and detailed
Spontaneous features of parkinsonism

3. Suggestive features (if one or more of these is present in the presence of one or more core
features, a diagnosis of probable DLB can be made; in the absence of any core features, one or
more suggestive features are sufficient for possible DLB; probable DLB should not be
diagnosed on the basis of suggestive features alone)

REM sleep behavior disorder

Severe neuroleptic sensitivity

Low dopamine transporter uptake in the basal ganglia demonstrated by SPECT or PET
imaging

Adapted with permission from Mc Keith et al. [30].

DLB is associated with a cerebral cholinergic deficit [35]. As a result, drugs with
anticholinergic side effects should be avoided. Trials of anticholinesterase inhibi-
tors have generally been positive but often of small size [36, 37]. A larger trial of 120
patients with DLB showed significant benefits of rivastigmine on behavior and atten-
tion tasks and processing speed [38].

The extrapyramidal syndrome of DLB can be treated with levodopa [30]. The lat-
ter should be introduced at low doses and slowly increased to avoid initiating or exac-
erbating psychotic symptoms. Anticholinergic therapy of extrapyramidal symptoms
should be avoided.

Conclusions
DLB is a common cause of dementia in the elderly. It is characterized by marked
fluctuations in attention and cognitive function that can mimic delirium and lead

to erroneous and possible dangerous prescription of neuroleptics. However, aware-
ness of simple diagnostic clues can greatly facilitate early diagnosis and initiation
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of appropriate therapy. Recent advances in neuroimaging of presynaptic dopamine

transporters can greatly enhance diagnostic accuracy and have been included in
revised diagnostic criteria. Further research should focus on the development of ther-
apeutic interventions which currently remain modestly effective.
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Abstract
Dementia is increasingly recognized as a common feature in patients with Parkinson disease (PD)
and dementia with Lewy bodies (DLB), both sharing many clinical and morphological features and
believed to form a continuum within the spectrum of Lewy body diseases. Based on a large autopsy
series of parkinsonism (31-37% with dementia) and review of the recent literature, the pathological
changes underlying cognitive impairment in PD with dementia (PDD) and DLB are discussed. PD
cases with Lewy body stages 3-5, i.e. only mild to moderate cortical a-synuclein (aSyn) depositions,
and no additional pathologies, are rarely associated with cognitive impairment, which is frequently
seen in PD and DLB cases with considerable cortical and limbic aSyn load (increasing Lewy body
densities) and/or associated widespread Alzheimer-type pathology. Clinicopathological studies
show a negative relation between cognitive impairment and both cortical Lewy body pathology and
Alzheimer type changes, suggesting that these either alone or in combination are major causes of
cognitive dysfunction, while others related them to presynaptic aSyn aggregates. The neuropathol-
ogy of PDD and DLB is similar, without significant differences between cortical and subcortical Lewy
bodies and the pattern of synuclein pathology in the brainstem, but there are topographic differ-
ences in nigral lesions, more frequent affection of the hippocampal CA 2/3 subareas and more severe
diffuse amyloid plaque load in the striatum of DLB. In conclusion, the pathology underlying cogni-
tive impairment in PDD and DLB is heterogeneous, but there are some differences in the topography
and severity of lesions between both phenotypes that need further evaluation.

Copyright © 2009 S. Karger AG, Basel

Dementia has been increasingly recognized to be a common feature in patients with
Parkinson disease (PD), especially in old age, referred to as PD dementia (PDD), and
in dementia with Lewy bodies (DLB), which are believed to form phenotypes of a
disease spectrum, characterized pathologically by deposition of a-synuclein (aSyn)
within nerve cells (Lewy bodies, LBs) and dystrophic (Lewy) neurites in the cen-
tral and autonomic nervous system, and clinically by a variable admixture of cog-
nitive, neuropsychiatric, extrapyramidal, and vegetative features [1-3]. Clinical and



pathological diagnostic criteria for PDD and DLB have been published recently [3-5],
as well as interrater assessment results of aSyn pathology [6].

Dementia in PD with incidence rates of 95-112.5 per 1,000 patient-years (odds
ratio for dementia in PD 3.5), a point prevalence close to 30% and a cumulative preva-
lence between 48 and 78% after 15 and 8 years’ follow-up, respectively, is suggested to
have a 4-6 times increased lifetime incidence rate compared to age-matched controls
[5]. Prevalence estimates for DLB, depending on case criteria, range from 0 to 5% of
the general population and from 0 to 30% of all dementia cases, with an incidence of
0.1 per year for the general population and 3.2 per year for new dementia cases [7].
A recent clinicopathological study confirmed essential clinical differences between
PD with and without dementia and DLB: PDD patients were significantly older at
death and had a shorter duration of illness and lower Mini-Mental State Examination
(MMSE) scores than nondemented ones [8]. This chapter will review the morpho-
logical bases of cognitive impairment in PDD and DLB, their pathogenesis, mutual
relationship and functional impact.

Morphological Substrates of Cognitive Impairment in
Parkinson Disease

Brain lesions contributing to cognitive impairment in PD are heterogeneous, includ-
ing dysfunction of subcortico-cortical networks due to neuron loss in brainstem and
limbic areas, cholinergic deficit in cortical regions and thalamus, associated with
neuron loss in the nucleus basalis of Meynert and decreased striatal dopaminergic
function [9, 10], and widespread decrease in nicotinic acetylcholine receptors [11].
Frequent are limbic and cortical LBs and Alzheimer-type pathologies with loss of syn-
apses and neurons [2], presynaptic aSyn aggregates [12], or variable combinations of
these changes [2]. These changes may have common origins with mutual triggering
due to synergistic reactions between aSyn, amyloid-f3 (AB) peptide and tau protein,
the major protein markers of both PD and Alzheimer’s disease (AD) that often may
show morphological overlap with co-occurrence of lesions [8, 13-15].

In a 50-year autopsy series of 900 cases with clinical parkinsonism, pure LB dis-
ease was seen in 85%, but only 45% showed the morphological features of sporadic
PD (brainstem predominant form or LB disease), 16% were associated with cerebro-
vascular lesions, 15% with Alzheimer-type pathology, 12.5% showing neuritic Braak
stages 5 and 6; DLB was diagnosed in 9%, whereas 15% showed other degenerative
disorders or secondary parkinsonism [16]. This differed from recent data of the UK
Parkinson Brain Bank (63% PD, 29% other neurodegenerative disorders, 5% second-
ary parkinsonism and 3% others [14]).

Although a few cortical LBs are found in virtually all cases of sporadic PD, the
impact of cortical LB and Alzheimer-type pathologies on cognitive impairment is
a matter of discussion. Some studies have demonstrated that the number of LBs in
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the frontal cortex is the most significant predictor of cognitive status in PD [17] or
that LB densities in the limbic cortex are a better predictor of dementia in PD than
Alzheimer-type pathology [18-20]. Cognitive impairment is often correlated with the
density of Lewy neurites and neuritic degeneration in the hippocampus and periam-
ygdaloid cortex causing a disruption of the limbic loop and ‘disconnection’ from key
areas similar to those described for the hippocampus in AD [21]. The density of both
limbic LBs and neuritic plaques correlated well with dementia severity, suggesting
that both lesions independently or synergistically contribute to dementia [22] or may
have common origins with mutual triggering. Increasing cognitive decline (decreas-
ing MMSE scores) with increasing pathological LB stages from 3 to 6, i.e. progression
of aSyn pathology [23] was not confirmed by others [24-26]. PDD patients often
have severe Alzheimer-type lesions [27] with or without neocortical atrophy [28],
although quantitative stereological studies found no global loss of neocortical neu-
rons, but could not exclude local neuron loss in specific subpopulations or in small
but essential neocortical subregions in PD [29].

Although Alzheimer-type pathology is considered to represent a major cause of
dementia in PD, it shows some differences. Comparative studies of neuritic AD stages
and cognitive state assessed by MMSE in 55 cases of PD showed significant negative
correlation between both parameters (fig. 1a). In contrast to severely demented ‘pure’
AD cases without parkinsonian signs of Braak stages 5 and 6 (fig. 1b), PDD and some
DLB cases showed less frequent isocortical neuritic AD stages. There were no sig-
nificant differences in the severity of neuritic AD lesions between PD and DLB cases
with similar MMSE scores (fig. 1a). In PD, mild to moderate cognitive impairment
(MMSE 15-24) was associated with Braak stages 2-4, while in aged parkinsonian
subjects, the severity of neuritic AD lesions ranged from Braak stages 2 to 5 (fig. 1b).
Since some PD brains showed cortical and/or limbic LBs, their synergistic effect in
cognitive impairment can be assumed, but needs to be confirmed by future prospec-
tive clinicopathological studies.

In an autopsy series of 330 elderly patients with clinical parkinsonism (37.6%
with dementia), only 3.2% of the demented subjects (MMSE <20) showed LB Braak
stages 3-5, which was present in the majority of nondemented patients, while 37% of
PDD cases revealed LB stages 4 or 5 with additional severe Alzheimer-type pathology
(neuritic Braak stages 5 and 6) [16]. More than half of them showed strong relation-
ship between the severity of aSyn and tau pathologies, particularly in the limbic sys-
tem. DLB with low or high-grade Alzheimer-type lesions were seen in 32% of PPD
patients, but 35% of diffuse DLB cases with mild AD lesions (amyloid plaques or tau
pathology restricted to the limbic system, i.e., Braak stages lower than 4) did not show
considerable cognitive dysfunction. Other degenerative parkinsonian disorders with
superimposed Alzheimer-type pathology accounted for 7%, and AD, mixed-type
dementia (AD + vascular encephalopathy) and subcortical vascular encephalopathy
for 17%, while mild cerebrovascular lesions (lacunar state, few microinfarcts) were
almost never associated with PDD (table 1). Neuropathology revealed lower brain
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Fig. 1. Correlation between cognitive state (MMSE) and neuritic AD stages (NFT stages) in 55
autopsy cases of parkinsonism (a) and 205 aged subjects without parkinsonism (b).

weight in PDD than in nondemented PD and DLB, and significantly more severe
Alzheimer-type lesions (neuritic Braak stages, cortical amyloid plaque load and
generalized cerebral amyloid angiopathy, CAA) in PDD and DLB than in nonde-
mented PD cases, while the morphological LB scores were only moderately increased
in PDD (mean 4.5 vs. 4.1) and, in accordance with current diagnostic criteria, highest
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Table 1. Pathology of parkinsonism with dementia (1988-2007)

Neuropathology n %

IPD (Braak stage 3-5) 5 3.2
IPD + CVLs (lacunar state, small infarcts) 1 0.6
IPD + AD (B/B 5-6) 57 37.0
IPD + VaE 7 4.5
IPD + MIX (AD + VaE) 4 2.6
LB variant of AD 18 1.7
Dementia with LBs, diffuse 30 19.5
IPD + other pathologies (hydrocephalus) 2 1.3
AD/MIX (AD + VaE) 17 11.0
Subcortical arteriosclerotic encephalopathy 2 1.3
PSP (+ AD), CBD 4 2.6
MSA + AD 5 3.2
Other disorders (Pick disease) 2 1.3
Total 154 100.0

IPD = Idiopathic PD; CVLs = cerebrovascular lesions; VaE = vascular encephalopathy; LB = Lewy body;
PSP = progressive supranuclear palsy; CBD = corticobasal degeneration; MSA = multiple system
atrophy.

in DLB (mean 5.5) [8]. Significantly increased cortical AR plaque load in PDD and
DLB is in agreement with previous studies [23, 27, 30], whereas others did not find
any correlation between cortical A deposition and cognitive impairment in DLB
[31]. Recent [''C]-PIB PET studies showed cortical amyloid comparable to AD in
some PDD patients, while fluorescence microscopy in postmortem sections showed
PIB binding to Lewy bodies and neuromelanin in substantia nigra of both PD and
PDD brainstem sections, not seen in controls, suggesting that PIB uptake in the brain-
stem may reflect PDD-related amyloid [32]. Two other recent PET studies revealed
increased cortical A burden in DLB similar to AD, but no increased cortical AB in
PDD, PD without dementia and normal controls. These findings suggest that high
cortical AB burden in DLB contributes to cognitive impairment in this disorder
[32a, 32b]. In addition, striatal PIB retention in DLB, less in PDD, were related to
less impaired motor functions [32b]. Increased amyloid load in meningeal and corti-
cal vessels (CAA) in both PDD and DLB is also in agreement with previous studies
[33]. In general, significant association between cognitive impairment and moderate
association between morphological LB scores and cortical amyloid load, CAA, and
neuritic Braak stage, the latter increasing with age, suggest an influence of AD-related
pathology on the progression of the neurodegenerative process and, in particular, on
cognitive decline in LB diseases. On the other hand, these factors in PD and DLB

118 Jellinger



Table 2. Major clinical and Alzheimer-related changes in Lewy body-related disorders, AD, and age-matched con-
trols

AD LBV/AD DDLB PDD (+AD) PD non-dem. Controls p
(n=30) (n=26) (n=31) (n=11) (n=13) (n=7)
Age, years 79.0+£5.3 79.8+4.9 76.0+6.1 77.1x5.1 743154 77.7+3.2
Male/female 25/5 8/18 9/22 3/8 5/8 5/2
Duration, years  6.8+3.1* 5.9+2.3* 7.4+2 5% 7.3+3.2¢ 9.5+4.2% - *p <0.01 vs.
each other,
#p < 0.05 vs.
PD non-dem.
MMSE 0.5+0* 2.0+1.0% 15.1+5.2*% 4.9+3.2% 24.7+1.0% 28.0£0.5 *p <0.001vs.
(n=12/8) each other
Brain weight,g  1.081+48 1.182+112  1.206+92 1.188+86 1.246+51 1.337£118
CERAD
0 0 0 19 1 11 7
A 0 0 9 3 1 0
B 1 11 3 3 1 0
C 29 15 0 4 0 0
Braak stage 5.5+0.2* 4.76+0.2* 2.61£0.3 4.1+£0.5% 2.1£0.3 1.3£0.2 *p <0.01 vs.
DDLB and
PD non-dem.

DDLB = Diffuse DLB.

appear to be largely independent of coexisting vascular pathology, except in cases
with severe cerebrovascular lesions or those related to neuritic AD pathology [8].

A comparison of major clinical/cognitive and AD-related morphological changes
in 117 autopsy cases of LB-related disorders, AD (without other pathologies), and
age-matched controls (table 2) showed longest disease duration in nondemented
PD patients, lowest final MMSE scores in AD and DLB associated with AD (LBV/
AD) and PDD. Brain weight in nondemented PD cases and controls was significantly
higher than in all demented groups, and the neuritic Braak stages (highest in AD and
LBV/AD followed by PDD) correlated well with the level of cognitive impairment
and with progressive hippocampal atrophy in PD>PDD>AD [34] and the severity
of involvement of the cholinergic system with more severe neuronal loss in nucleus
basalis of Meynert in LBV/AD than in pure AD and non-demented PD [16], and
widespread cholinergic cortical losses differentiating DLB and LBV/AD from classi-
cal AD [35, 36].
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Neuropathological Comparison between Parkinson Disease Dementia and
Dementia with Lewy Bodies

The hallmark of DLB is a-synucleinopathy manifested as LBs of the classical and
cortical types and neuritic degeneration. LBs are scored semiquantiatively according
to the severity and anatomical distribution, distinguishing a brainstem predominant
(PD), limbic (or transitional) with predominant involvement of the limbic lobe and
neocortical type with widespread cortical LBs [3, 37], but there is no accepted ‘gold
standard’ for the pathological diagnosis of DLB as has been proposed for AD.

The neuropathology of PDD and DLB shows similarities and slight differences.
The morphology and immunohistochemistry of cortical and subcortical LBs and the
ascending spreading pattern of aSyn pathology with onset in the lower brainstem and
progression via midbrain, dorsal forebrain, amygdala, limbic system, limbic meso-
cortex to the neocortex [38] do not significantly differ between both phenotypes, the
late stages 5 and 6 of LB pathology (involvement of sensory association and prefrontal
primary sensory and motor areas), suggesting transition between PD and DLB [2].
However, there are some deviations in the severity and distribution pattern of lesions
in the substantia nigra compacta (more severe and predominant cell loss in the medio-
ventral parts in PD/PDD vs. more severe damage to the dorsolateral parts in DLB),
more frequent involvement by aSyn deposits of the neocortex and limbic system, in
particular of the CA 2/3 subareas of hippocampus in DLB (79 vs. 36%). A major mor-
phological difference is the significantly more frequent and more severe load with
diffuse amyloid plaques and less severe tau pathology in the striatum in DLB, irre-
spective of the severity of cortical Alzheimer-type lesions, while nondemented PD
cases are virtually free of striatal amyloid plaques [39, 40]. The globus pallidus is free
of amyloid plaques, while few aSyn deposits were seen in 76% of DLB and in around
30% of PDD brains, but only in 10% of nondemented PD cases. Tau pathology in the
striatum was also more frequent in DLB than in both PD and PDD, the incidence of
negative cases being 70 vs. 82 and 100%, respectively (fig. 2). These findings support
a morphological distinction between DLB and PDD, but also between PDD and non-
demented PD, which, however, does not appear to be restricted to diffuse A depo-
sition in the striatum; the neuritic Alzheimer-type pathology is usually much more
severe in both DLB and PDD.

The question whether PD, DPP and DLB are different entities or represent a single
entity with distinct clinical and pathological phenotypes is still considered controver-
sial. Some genetic and biochemical differences argue for a separation between DLB/
PDD and AD [16], although neuritic Alzheimer-like lesions are frequently seen as a
burden which is equivalent to that in AD and would fit to the diagnosis of definite
AD according to the CERAD protocol. This particular type has been referred to as LB
variant of AD (LBV/AD) [41, 42], while those with more prominent Alzheimer-type
pathology and aSyn deposits mainly restricted to the amygdala have been considered
a distinct form of a-synucleinopathy [43].
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Fig. 2. Severity of AR and aSyn pathology in striatum in DLB, PDD and PD without dementia.

In a group of 57 prospectively assessed patients confirmed at autopsy (29 DLB,
28 PDD), an association between long duration of parkinsonism prior to dementia
and less severe cortical aSyn pathology, lower CERAD plaque scores, but not neu-
ritic Braak staging and more pronounced cortical cholinergic deficits were observed,
not supporting the hitherto applied arbitrary clinical cut-off between PDD and DLB
[44].

A study of 88 autopsy-proven cases of DLB showed much higher diagnostic
accuracy in subjects with low Braak stages, but only 15% in those with severe AD
pathology [25]. In a personal study of 103 cases of autopsy-proven DLB, the mean
age at onset (parkinsonism 61%, dementia 31%) was 68 + 12.7 SD years, mean
survival from symptom onset 6.7 (range 1-16) years; patients with initial parkin-
sonism were younger than those with initial dementia (mean 63 vs. 70 years, p =
0.002). 62% showed low AD Braak stages (mean 3.5, mean age at death 75 years),
68% limbic/transitional (LB stages 5), and 22% diffuse cortical DLB (LB stage 6),
38% had high AD Braak stages (mean 4.6). Initial dementia, fluctuating cognition,
and hallucinations strongly predicted shorter survival than initial parkinsonian
symptoms and longer delay of dementia development (mean 5.6 vs. 3.3 years, p <
0.001). Sensitivity, specificity and positive predictive value of the McKeith criteria
or probable AD were 0.60, 0.85, and 0.60, respectively. Clinical accuracy for DLB
with low AD Braak stages was significantly higher than for patients with high Braak
stages (70 vs. 22%) [26]. These two studies suggest that in DLB AD pathology has
more influence on both the phenotype and diagnostic accuracy than cortical LB
distribution.
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Conclusions

The presence of aSyn-positive lesions in 7-71% of sporadic and familial AD even in
the absence of subcortical LBs and the involvement of other brain areas, the colocal-
ization of tau and aSyn epitopes in LBs as well as clinical and biochemical overlap
between PD, PDD, DLB and AD with and without amygdala LBs suggest that the
process of LB formation is triggered, at least in part, by AD pathology [2, 16]. This
collision of two processes may occur in the same brain region or even within single
cells in the human brain, e.g. in LRRK2 mutations [45] and in tg mice, induction of
hyperphosphorylation of tau by aSyn in the MPTP model of parkinsonism [46], the
association of phospho-tau and aSyn in both NFTs and LBs [47], and the in vitro
promotion of tau aggregation by aSyn and vice versa [48], highlight the interface
between these two and other misfolded proteins [49]. Others have suggested that
amyloid rather than tau enhances aSyn pathology in human brain and tg mice [50];
interactions between aSyn, A3 and tau may be molecular mechanisms in overlapping
pathology of AD and PD/DLB [15, 51, 52]. However, it is unclear, whether there is a
common underlying pathogenic mechanism inducing both neurodegenerative and
fibrillary protein aggregates that are typical for different disease processes (double
or triple amyloidosis) or if they represent a common final pathology leading to neu-
ronal degeneration causing both movement and cognitive disorders. These and other
recent data emphasize the necessity of proper neuropathological methods, in particu-
lar of specific immunohistochemistry for the different misfolded proteins as disease
markers in the diagnostic evaluation of parkinsonian syndromes with and without
cognitive impairment.

In conclusion, the pathogenesis, mutual relationship and functional impact of
morphological lesions contributing to movement disorders and cognitive dysfunc-
tion/dementia in PD and DLB await further elucidation, in order to get better insights
into the molecular disease mechanisms as a basis for better therapies.
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Abstract

As future treatments increasingly target the protein chemistry underlying the different dementias, it
becomes crucially important to distinguish between the dementias during life. Neither specific pro-
tein nor genetic markers are as yet available in clinical practice. However, neuroimaging is an obvi-
ous candidate technique that may yield enhanced diagnostic accuracy when applied to the
dementias. The physiopathology and anatomopathology is complex in dementia with Lewy bodies
(DLB). Besides the relative sparing of medial temporal lobe structures in DLB in comparison to
Alzheimer’s disease, no clear signature pattern of cerebral atrophy associated with DLB has been
established so far. Among others, one reason may be the difficulty in visualizing the small brain
nuclei that are differentially involved among the dementias. While we think that structural magnetic
resonance imaging neuroimaging should be part of the diagnostic workup of most dementia syn-
dromes due to its usefulness in the differential diagnosis, its contribution to a positive diagnosis of
DLB is as yet limited. The development of different neuroimaging techniques may help distinguish
reliably DLB from other neurodegenerative disorders. However, in order to become accepted as part
of standard care, these techniques must still prove their effectiveness under routine conditions such
as those encountered by the general practitioner. Copyright © 2009 S. Karger AG, Basel

Clinical estimates of the prevalence of dementia with Lewy bodies (DLB) have been
shown to be 50% or less of rates reported in autopsy series [1]. This discrepancy sug-
gests that DLB cases are often not diagnosed correctly during life, a problem that per-
sists to some extent in spite of internationally defined and regularly updated clinical
criteria for DLB [2]. The clinically most important entities to be distinguished from
DLB apart from normal aging are Alzheimer’s disease (AD) and dementia associated
with Parkinson’s disease (PDD), both neurodegenerative diseases, as well as vascular
dementia (VD). However, telling DLB apart from AD may be difficult as AD pathol-
ogy is often associated with DLB pathology in brain autopsy studies [3]. Whether or
not DLB and PDD are merely two variants of the same disorder is still open to debate.



In addition, even the subcortical variants of VD show some clinical overlap with the
neurodegenerative disorders.

As future treatments will target the protein chemistry underlying the different
dementias, it becomes increasingly important to distinguish between them during
life, in particular between the various neurodegenerative disorders [4]. However, both
treatments targeting specifically neurodegeneration in DLB and specific protein and
genetic markers are not yet available in clinical practice [1]. Other markers with high
specificity and sensitivity in differentiating neurodegenerative disorders are therefore
of importance. Neuroimaging is an obvious approach that may yield enhanced diag-
nostic accuracy when applied to the dementias.

Neuroimaging reflects anatomical and physiological brain changes related to spe-
cific disease processes. In DLB, Lewy bodies (LB) and neuronal loss are found in the
substantia nigra and pigmented brainstem nuclei (locus coeruleus, nucleus basalis of
Meynert), the thalamus, and the hypothalamus. LB density varies between cortical
areas and between patients. Limbic regions including the anterior cingulate cortex,
insula, the entorhinal cortex, as well as the temporal lobes including the amygdala
are usually more severely affected than other areas. Clinical studies suggest that
medial temporal lobe changes often resulting in episodic memory deficits are less
pronounced in DLB than in AD, which is in keeping with neuropathological stud-
ies. Visuoconstructive and executive functions are worse in DLB than in AD, but
these findings are less consistently corroborated by neuropathology. However, the
role played by LB and their relationship to the clinical features typically observed in
DLB remain somewhat unclear [1]. The general picture is further complicated as an
important part of the clinical observations in DLB may be secondary to accompany-
ing AD lesions rather than LB, especially in late-onset DLB [3]. Furthermore, neuron
loss, spongiform changes, or neurotransmitter imbalance may add to the elusiveness
of anatomoclinical correlations in DLB [5].

It may thus be concluded that the physiopathology and anatomopathology in
DLB is complex. If anything, limbic neocortical structures may be more involved and
medial temporal lobe structures less involved in pure cases of DLB in comparison to
AD. However, although interindividual variability, both clinical and neuropathologi-
cal, may cast doubt on the existence of consistent brain changes in DLB, caution is
warranted. If a consistent pattern exists, appropriate structural imaging techniques
should be able to detect it. In fact, brain imaging may even detect significant brain
anomalies well ahead of clinical disease manifestations. Technology is meant to help
the clinician increase diagnostic accuracy at the earliest disease stages. Magnetic reso-
nance imaging (MRI) is currently both the most sophisticated structural brain imag-
ing technique due to its high contrast and a widely available tool recommended by
many experts as a nearly mandatory approach to diagnosing cognitive disorders (look
out for active body implants as a relative contraindication for MRI). Furthermore,
MRI can be employed to study brain perfusion and vascular response to neuronal
activity (functional MRI, fMRI) without the use of radioactive isotopes.
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Functional Magnetic Resonance Imaging

fMRI has shown both diffuse hypoperfusion and a more focal occipital decrease simi-
lar to positron-emission tomography or single photon emission computed tomog-
raphy (SPECT) studies [6]. Reduction is most pronounced in the visual association
cortex compared to that in AD patients and could distinguish DLB from AD with
good sensitivity and specificity. Posterior hypofunctioning may relate to spongiform
changes in the occipital white matter [5] and in part corroborate visuoperceptive
deficits that are clinically paramount in DLB [3]. The above pattern was found when
subjects were scanned during resting cognitive state, without performing any specific
task when being scanned. The use of specific cognitive tasks may help distinguish
between different dementias [7]. Emerging studies suggest that fMRI may become a
useful technique to detect both performance-dependent and performance-indepen-
dent differences between various dementing disorders.

Morphological Magnetic Resonance Imaging

Besides its use in diagnosing secondary dementias (i.e. dementias due to neoplasias,
strokes, infections, etc.), MRI is increasingly used to detect specific patterns of subcor-
tical and cortical atrophy that might differentiate the various neurodegenerative dis-
eases. Both qualitative and quantitative techniques to assess atrophy exist. Quantitative
approaches include voxel-based morphometry (VBM) that is operator-independent
and thought to be more reliable than the more qualitative analyses usually performed.
However, even VBM cannot distinguish between brain areas with similar imaging
properties producing no or very low contrast as in the case of adjacent brain nuclei
and, for the time being, its application is limited to research settings.

In DLB, a diffuse cortical atrophy said to be less pronounced than that of typical
AD has been described [6]. Atrophy may be absent or be considered an uncharacter-
istic feature of DLB [8]. The degree of ventricular enlargement did not distinguish
AD from DLB [8]. The medial temporal lobe structures, in particular the hippocam-
pus, are less atrophic in DLB patients than in those with AD [3, 8-11]. A third of
DLB patients had normal medial temporal atrophy scores that correlated with age,
especially in the head of the hippocampus [9, 10]. The preservation of the medial
temporal lobe structures in DLB relative to AD may be secondary to reduced AD
pathology in DLB [11]. Similarly, the parahippocampal area is less atrophic in DLB
than in AD [10]. Differences of segmental hippocampal volumes between subjects
with DLB and AD were observed across the whole length of the hippocampus [10].
A VBM study showed bilateral temporal grey matter volume loss sparing the medial
portions including the hippocampus and the amygdala in the middle stages of DLB
compared to normal controls [12]. In addition, there was a loss of the asymmetry
normally observed in healthy subjects, with the right hippocampus being larger than
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the left one [10]. Patients with VD had somewhat greater medial temporal atrophy
than those with DLB [9]. Thus, medial temporal atrophy is not specific to AD and
— although its absence may be suggestive of a diagnosis of DLB - its sensitivity is
limited [9].

A study showed bilateral grey matter volume loss in specific frontal lobe
(Brodmann’s areas 6 and 47) and insular cortex areas in the middle stages of DLB [12].
No differences in frontal grey matter volume between DLB and AD were observed. A
VBM study confirmed grey matter loss in the insular and prefrontal cortex bilaterally
as well as in the left premotor area [13] but grey matter loss observed in the frontal
lobes may reflect concomitant AD pathology [11].

The presence of visuoconstructive deficits in DLB patients may suggest occipital
lobe atrophy. However, these deficits are usually complex and related to temporo-
occipital changes, which is in keeping with the absence of occipital lobe atrophy in 23
DLB patients compared to both AD and normal subjects [14]. Whole volume mea-
sures as used in this study may, however, be less accurate than differential analyses
of selective volumetric changes of either grey or white matter. Another study using
VBM made up for this shortcoming and found no grey matter changes in the occipi-
tal lobes [12]. Grey matter loss was also observed in the parietal lobes although this
may, again, reflect concomitant AD pathology [11].

DLB is a neuropsychiatric disease eventually accompanied by serious behavioral
and psychological symptoms that may be associated not only with cortical lesions but
also with alterations in subcortical structures related to the limbic system. Thus, some
of the emotional and possibly olfactory disturbances seen in DLB could be related to
a dysfunction of the basal forebrain and suggest more focused loss in this brain region
[13, 15]. Grey matter volume of the amygdala and the thalamus was preserved in
DLB relative to AD [12]. Indeed, unlike AD, marked atrophy of the thalamus has not
yet been reported as a feature of DLB. Thickness measures of the substantia innomi-
nata, that contains the cholinergic nucleus basalis Meynert, revealed greater atrophy
in the DLB group when compared with the AD group. This finding corroborates both
neuropathological studies and a somewhat better clinical response to acetylcholin-
esterase inhibitors in patients suffering from DLB [16]. The finding of significantly
more decreased grey matter in the substantia innominata in DLB as compared to AD
is confirmed by another study comparing 72 pairs of age- and gender-matched DLB
and AD patients using VBM [11]. Although substantia innominata wasting showed
a trend towards greater involvement in AD than in DLB, a closer look revealed a
discrete loss with regard to uninvolved adjacent areas in DLB as opposed to AD that
affected more indiscriminantly surrounding areas. Furthermore, patients with DLB
as a group had regional grey matter loss in the dorsal midbrain and the hypothalamus
[11]. Grey matter volume loss was greater in DLB than in AD. These brain regions
contain cholinergic systems and have been shown to be altered in neuropathological
studies of DLB. Furthermore, these changes are reminiscent of the progression of LB
pathology in Parkinson’s disease (PD) and may be similar in DLB. Structural studies
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have limited resolution however, and it is difficult to visualize specific small brain
nuclei. Thus, both the small size of cholinergic nuclei and their wide and diffuse pro-
jections prevent visualizing the cholinergic system using structural MRI [12].

The presence of periventricular, white matter hyperintensities (WMH) and basal
ganglia hyperintensities on MRI do not seem to distinguish AD from DLB, but they
are clearly more extensive in DLB than in normal controls except perhaps for the near
ubiquitous presence of frontal caps [17]. In contrast, global WMH volume was not sig-
nificantly greater in DLB patients than in normal controls, while AD patients had a sig-
nificantly greater WMH load [18]. The lack of an association between DLB and basal
ganglia hyperintensities beyond that seen in AD indicates that these lesions may not
be contributive to the development of parkinsonism in DLB [17]. Similarly, decreased
occipital hypofunctioning revealed by dynamic neuroimaging [6] is unlikely to be cor-
related with WMH. This decrease may relate to spongiform white matter changes and
is in keeping with the absence of occipital lobe atrophy as mentioned earlier [5, 14].

This survey shows that most studies look for differences between DLB patients and
either normal or AD subjects. Although this is appropriate due to the high prevalence
rates of normal aging and AD, the clinical reality confronts the clinician with more
complex issues in terms of differential diagnosis. VD and its neuroimaging overlap
in the normal and demented elderly is paramount and has received little attention in
comparison with DLB despite clinical overlap between DLB and VD. Although DLB
may be the cognitive-onset variant and PDD the motor-onset variant of the same
disease, one might still wonder whether or not MRI can distinguish between the two
variants. Indeed, DLB patients have greater grey matter atrophy in some temporal,
parietal, and occipital areas than patients with PDD [19]. However, this study must
be considered preliminary and others did not find such differences [20, 21]. MRI
changes of the substantia nigra in PD and PDD can be visualized (fig. 1).

However, in one large study, no volume loss in the region of the substantia nigra
was found in DLB [11]. Thus, we might hypothesize that visualizing the substantia
nigra may help distinguish PDD from DLB, but to our knowledge no study directly
compares substantia nigra volumes between DLB and PDD.

Neuroimaging is of limited interest in the advanced stages of the dementias when
the specific diagnostic issues are less at stake. To be useful, neuroimaging markers
should help identify specific neurodegenerative disorders with both high specificity
and sensitivity at early dementia stages. Thus, newer studies try to identify precursor
stages of the dementias, such as mild cognitive impairment (MCI). While the amnes-
tic form of MCI as a precursor stage of AD and its classical hippocampal atrophy on
MRI bears the bulk of these studies, a few investigations have looked into neuroimag-
ing characteristics of MCI type prodromal for other dementing illnesses. One small
study including 8 patients with probable PD and possible DLB precursor stages found
more entorhinal cortex and hippocampal atrophy than in normal controls; these neu-
roimaging findings were similar but less pronounced than in MCI prodromal for AD.
Greater enlargement of the third ventricle in PD/DLB-MCI compared to vascular MCI
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Fig. 1. Three Tesla T2-weighted magnetic resonance images in the axial plane at the level of the red
nucleus (star) and substantia nigra (arrow on the pars compacta) in a normal subject (a) and in a PD
patient with dementia (b) showing the global atrophy of the mesencephalon and the severe atrophy
of the pars compacta of the substantia nigra.

was thought to reflect severe subcortical basal ganglion atrophy [22]. Furthermore,
subjects with PD/DLB-MCI and concomitant vascular risk factors had more exten-
sive subcortical white matter and basal ganglia lacunar infarcts and leucoaraiosis with
greater bilateral frontal horn enlargement as opposed to those without vascular risk
factors. This finding suggests that vascular lesions contribute to the development of
cognitive impairment among PD/DLB-MCI subjects with vascular risk factors [22].

Cross-sectional diagnosis may be difficult in slowly progressing disorders such
as DLB. Therefore, sequential assessments may be better suited to reach a definite
diagnosis and sequential MRI scans may be helpful. A study with diagnostic post-
mortem confirmation found that the progression of whole-brain atrophy and ventric-
ular expansion in DLB was clearly lower, and in fact undistinguishable from normal
controls, in comparison with AD, mixed AD/LB, frontotemporal lobe dementia with
ubiquitin-only immunoreactive neuronal changes, progressive supranuclear paralysis,
and corticobasal degeneration [4]. In DLB, the rate of whole-brain atrophy was only
0.4%/year, about a third of that of AD; the rate of ventricular expansion was 4.8%,
about half that of AD. The mixed group of patients with AD and LB lesions had both
rates of progression and memory deficits similar to those of subjects with pure AD.
Another study was interested in the progression of WMH; progression was predicted
by the baseline load of WMH, but their global volume increase was not significantly
different between AD, PDD, and DLB [18].

Other Imaging Techniques
Although not the focus of this chapter, other brain imaging techniques are likely to

play some role in the future. Visualization of pathological compounds using specific
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ligands is an expanding field in applied structural neuroimaging. As an example,
beta amyloid burden as visualized using Pittsburgh Compound B-positron-emission
tomography was lower and more variable in the precuneus and posterior cingulate in
DLB patients than in those with AD [23]. Likewise, SPECT can be helpful in diagnos-
ing DLB using dopamine transporter ligands such as '?’I-beta-CIT. Death of nigros-
triatal dopaminergic neurons and decrease in presynaptic dopamine receptors can
be demonstrated in DLB. Compared to PD without dementia, 12 h after withdrawal
of antiparkinsonian therapy, these changes were more symmetrical in DLB despite
the match for age and disease duration and did correlate with the severity of motor
signs [24]. Diffusion tensor imaging allows for creating images of the diffusion of
water in the brain and is a sensitive indicator of axonal changes. Using this technique,
disruption of the white matter that connects posterior cingulate and lateral parietal
regions was shown in DLB [25]. Similarly, a significant change in DLB was found in
the precuneus, an area located in the medial parietal lobe that may be involved in
visuospatial processing known to be altered in DLB and PD [26]. In AD subjects, dif-
fusion-weighted changes were found in the left temporal lobe, which allowed to dis-
tinguish them from those in subjects with DLB. Imaging techniques tracing somatic
changes secondary to neurodegenerative disorders are another evolving field. As an
example, SPECT imaging of postganglionic sympathetic cardiac innervation using
!2]-metaiodobenzylguanidine has been shown to discriminate DLB from AD, with
severe denervation being present in DLB [27].

Conclusions

Besides the relative sparing of medial temporal lobe structures in DLB in compari-
son with AD, no clear signature pattern of cerebral atrophy associated with DLB has
been established so far [11]. This may be in part due to the variability in the defini-
tion of clinical cohorts and core clinical features as well as, of course, methodological
issues regarding volumetric measures [11] such as the difficulty in visualizing small
brain nuclei. As structural neuroimaging increases the in vivo diagnostic validity of
neurodegenerative and VDs [28], it is now considered a nearly mandatory part in
the diagnostic dementia workup. However, as few studies confront neuropathologi-
cal and neuroimaging data, a diagnostic change due to neuroimaging may not always
be justified as both vascular lesions and atrophic changes can be found in the elderly
with no cognitive impairment.

While we think that structural MRI neuroimaging should be part of the diagnostic
workup of most dementia syndromes due to its usefulness in the differential diag-
nosis, its contribution to a positive diagnosis of DLB is as yet limited. No optimized
data exist and it is difficult to estimate the contribution of MRI to the diagnosis of
patients in general practice. Nevertheless, some of the different neuroimaging tech-
niques mentioned above may well be able to reliably distinguish DLB from other
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neurodegenerative disorders. However, in order to be accepted as part of the standard

care, these techniques must still prove their effectiveness under routine conditions
[28].
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Pharmacotherapy of Parkinson Disease
Dementia and Lewy Body Dementia

Serge Gauthier

McGill Center for Studies in Aging, Montréal, Que., Canada

Abstract

The pharmacotherapy of Parkinson disease dementia and Lewy body dementia with cholinesterase
inhibitors and selected psychotropic drugs is relatively new. Review of literature supplemented by
expert opinion. Cholinesterase inhibitors can be used by primary care practitioners and specialists,
with often clinically meaningful results. Primary care practitioners play an essential role in the diag-
nosis and management of patients with these conditions. Copyright © 2009 S. Karger AG, Basel

Although in many countries the management of Parkinson disease dementia (PDD)
and Lewy body dementia (DLB) is handled by specialists (predominantly neurolo-
gists), the primary care practitioner (PCP) plays an essential role in the care of patients
with these conditions. The PCP is the one who detects in one of his patients an unusual
presentation of dementia suggesting DLB (early and prominent visual hallucinations,
fluctuations of alertness, spontaneous parkinsonism), or detects a decline in cogni-
tive abilities in a patient who up to now has been stable with his Parkinson’s disease
(PD). The PCP can rule out delirium caused by infections, dehydration, metabolic
factors, drug toxicity or a new neurological event. After the diagnosis of DLB or PDD
has been made [see the chapter by Gold, pp. 107-113, for diagnostic criteria] by the
PCP with or without confirmation by a specialist, pharmacotherapy can be initiated.
The immediate improvement of symptoms in these conditions is often quite impres-
sive and will provide satisfaction to the patient, his family and the treating physician.
The randomized placebo-controlled evidence base for the medications used for these
conditions is relatively limited compared to that of Alzheimer’s disease (AD), but the
clinical response is greater, at least in the short-term. This chapter will summarize the
available literature and will provide practical advice in the use of currently available
drugs for PDD and DLB. Although the pathological substrate of PDD and DLB is
very similar [see the chapter by Jellinger, pp. 114-125], they have somewhat different



Table 1. Pharmacotherapy of PDD

Step 1 Step 2 Step 3
Phase out anticholinergic Decrease slowly levodopa and  Start a ChEl (rivastigmine,
drugs, then amantadine, COMT inhibitors as low as donepezil, galantamine) and
dopamine agonists, MAOB tolerated, trying to preserve titrate up as tolerated
inhibitors mobility and motor autonomy  If absolutely required: low

as much as possible doses of quetiapine, starting at

12.5 mg per day

pharmacotherapy. Thus the management of PDD will be discussed separately from
DLB.

Pharmacotherapy of Parkinson Disease Dementia

PDD is diagnosed in the context of someone who has had classic PD motor symp-
toms for some time (resting tremor, bradykinesia, rigidity, often with some gait
instability) and has been on related medications (anticholinergic drugs, amanta-
dine, levodopa, dopamine agonists, COMT inhibitors, MAOB inhibitors). PDD
symptoms such as visual hallucinations and fluctuations of alertness are first treated
by withdrawing in sequence as much of the PD medication other than levodopa
and COMT inhibitors as possible (table 1). If not successful, levodopa and COMT
inhibitors may have to be lowered slowly, taking into account the control of motor
symptoms. Patients are then started on a cholinesterase inhibitor (ChEI). The
choice of ChEI is based on level of evidence and tolerability. Rivastigmine would
be selected first by most clinicians [1], using the once a day transdermal patch if
available rather than the oral twice a day tablet, with donepezil and galantamine
as alternative. A low dose of an atypical antipsychotic may be required at any point
if the neuropsychiatric symptoms (particularly delusions and agitation/agressivity)
require immediate treatment: the best evidence is for clozapine [2] but clinically
most clinicians will use quetiapine despite the lack of evidence from randomized
clinical trials, principally because the doses can be increased progressively from
12.5 mg upwards without the need for hematologic monitoring [3, 4]. Although ris-
peridone and olanzapine are atypical neuroleptics, they should not be used as they
have been associated with clinically significant deterioration of the motor signs of
parkinsonism in patients with PDD.

It should be noted that there are other neuropsychiatric complications of PD
that require the attention of the PCP: depression, anxiety, psychosis, sleep disor-
ders, gambling and other impulse control disorders [5]. The response to treatment
can be assessed by the patient himself (which would be less common in AD) and his
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Table 2. Pharmacotherapy of DLB

Step 1

Start a ChEl (rivastigmine, donepezil, galantamine) and titrate up as tolerated

For REM sleep disorder: clonazepam at bedtime

For associated motor features: try levodopa but stop if not effective or
increasing hallucinations

Only if absolutely required: low doses of quetiapine, starting at 12.5 mg per
day

entourage, who usually report a reduction of visual hallucinations and an increase
in clarity of thinking within 2 months of starting a ChEI. The Mini-Mental State
Examination [6] is often normal at the start of treatment since it is insensitive to the
executive impairment associated with PDD and thus not very useful. Tests specific
to executive function, attention or reaction time, and questionnaires for monitoring
fluctuating attention have been tested in clinical trials [7]. The Montreal Cognitive
Assessment is a promising test for daily clinical practice because it includes items rel-
evant to executive functions and can be completed in less than 10 min [8].

The natural history of PDD once treatment has been initiated is stability of cogni-
tion for some months, until complications from the motor components of PD occur:
falls and dysphagia leading to aspiration pneumonia. ChEI should be continued until
the stage of severe dementia. There are insufficient data for or against recommending
memantine in PDD.

Pharmacotherapy of Lewy Body Dementia

Most patients with DLB are not yet on medication when the diagnosis is made. The
treating physician can thus start immediately with a ChEI (table 2). Based on evidence
from randomized clinical trials, most clinicians will try rivastigmine first [9], with
donepezil a close second, followed by galantamine. The efficacy is clinically as good as
for PDD, and possibly more than in AD, considering the more severe cholinergic corti-
cal deficits in PDD and DLB [10]. There is also the possibility that ChEI reduce cortical
A in the brain parenchyma [11]. The duration of benefit may be a little longer than in
PDD because the motor complications of DLB occur later, but not as long as with AD.
The safety of ChEI appears to be as good for DLB as it is for AD [12], although REM
sleep disorder is more frequent, requiring clonazepam at bed time. On the other hand,
these patients are more sensitive to drug withdrawals that patients with AD: a progres-
sive withdrawal of ChEI may be required rather than abrupt cessation [13].
Neuroleptics (both typical and atypical) must be avoided because of the risk of
neuroleptic hypersensitivity, which is associated with significant morbidity and
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mortality [14]. Nevertheless, atypical neuroleptics are sometimes required if all other
treatments fail to control disturbing visual hallucinations, delusions and agitation.
The least harmful appear to be quetiapine. A ChEI should always be tried first, unless
there is a real urgency to control the behavioral symptoms.

Levodopa is often tried in DLB when motor symptoms become prominent, but the
response to levodopa is not as prominent as in PD.

Conclusions

The management of PDD and DLB includes identification of problem symptoms,
which will change over time, appropriate use of nonpharmacological interventions
(education, coping strategies, targeted behavioral interventions), and judicious use of
available medications [14, 15]. The positive results in PDD and DLB have opened the
way for the treatment of other parkinsonian syndromes with ChEI [16]. The clinically
meaningful responses to pharmacotherapy in PDD and LBD provide a great encour-

agement to patients, families and their treating physicians.
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Abstract

Frontotemporal degeneration (FTD), formerly known as Pick’s disease has become recognized as a
distinct and relatively common entity encompassing behavioural (bvFTD language (PPA) and
extrapyramidal (CBD/PSP) presentations. Further clinical subdivisions such as semantic dementia
(SD), and pathological subtypes such as mesial temporal sclerosis increase the complexity of diagno-
sis. The relatively younger age of onset, the typical presentations of syndromes and focal asymmetri-
cal frontotemporal atrophy on imaging allows experienced clinicians to make the diagnosis
confidently as long as the overlap between the syndromes is recognized. There is also an overlap
with ALS pathologically and clinically. The underlying histology in FTD/Pick complex is ubiquitin
positive tau and synuclein negative neuronal inclusions (FTLD-U) in more than half of autopsies and
tau positive CBD/PSP/ Pick bodies (FTLD-T) in the rest. The clinical syndromes of bvFTD and SD are
likely associated with FTLD-U and PPA/CBDS/PSP with FTLD-T, but there is too much overlap to pre-
dict the pathology from the clinical syndromes reliably. The ubiquitin-tau pathological dichotomy is
best considered under the Pick complex umbrella to allow for the significant overlap. So far tra-
zodone in behavior and galantamine in aphasia had symptomatic benefit in small trials and SSRI-s
and antipsychotics in uncontrolled reports were used as symptomatic therapies. Recent discoveries
of tau and progranulin (in the ubiquitin-positive cases) mutations on chromosome 17 and other
mutations on chromosome 3 and 9 in the high incidence of autosomal dominant families and a
common protein abnormality, the TDP-43 in FTLD-U and ALS are likely to be important in finding
therapeutic targets. Copyright © 2009 S. Karger AG, Basel

Frontotemporal dementia (FTD) used to be called Pick’s disease (PiD). Many
would prefer to continue using the eponymic term because of its obvious sym-
metry to Alzheimer’s disease (AD), for the sake of lay audiences and for historical
accuracy; but pathologists restricted the use of the term for cases with Pick body
histology. Pick’s initial case of a progressive aphasic patient with behavioral dis-
turbances had only anatomical examination without any microscopic data, but the
clinical description and its relationship to focal atrophy is the basis of the syndrome



[1]. Frontotemporal atrophy was demonstrated with increasing frequency in vivo,
first with CT then MRI and SPECT. However, instead of shifting the diagnosis
of PiD back to the clinic, several studies applied new labels such as frontal lobe
degeneration [2] or dementia of the frontal lobe type and subsequently fronto-
temporal dementia (FTD) [3] mainly for the behavioral presentation. The aphasic
presentation was described again as a separate disease [4], but it became evident
that they are closely related and that there is an extrapyramidal component as well,
and the term Pick complex was suggested for the overall designation of all the
clinical and pathological subtypes [5]. Frontotemporal lobar degeneration is also
used, but inconsistently for the extrapyramidal components [6]. The terminologi-
cal proliferation continues but a glossary at the end of the chapter may be helpful
to navigate.

The Behavioral Variant

This is the commonest presentation with three major components often appearing
together, but there exists some degree of separation of these by several years and a
sequential accumulation of symptoms.

(1) The illness may begin with insidious changes, at times loss of executive func-
tion, apathy and disinterest which may be mistaken for depression. Initially, the
inability to plan, or carry out complex tasks may be labeled a ‘dysexecutive syndrome’
The patient is often inattentive, indecisive, impulsive and distractible. These symp-
toms are not very specific and occur in other conditions.

(2) The appearance of the symptoms of disinhibition is diagnostic but it may
suggest a manic psychosis or an obsessive-compulsive or a sociopathic personal-
ity disorder [7]. Childish behavior, rudeness, inappropriate sexual remarks, impa-
tient, careless driving, excessive spending or hoarding of certain items, inappropriate
joking, perseverative routines, compulsive roaming, insistence of certain foods,
excessive food intake, neglect of personal hygiene, disinterest in the immediate fam-
ily, or others are the most characteristic features. The combination of hyperorality,
hypersexuality and utilization behavior led to comparison with the ‘Kluver-Bucy
syndrome’ [8].

(3) The personality change often prompts the family to say that the patient is not
the same person any more. Pilfering, shoplifting, swearing, undressing in public,
unexpected urinary frequency and fecal incontinence rapidly bring the patient to the
physician, sometimes after the police is involved. When the striking disinhibition and
asocial behavior appear in a middle-aged person between 40 and 65 years of age,
the diagnosis should not be difficult, but FTD is often misdiagnosed under various
psychiatric labels. Progressive language loss or aphasia (PA) is often superimposed or
appears simultaneously and should be another diagnostic cue.
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Primary Progressive Aphasia

Aphasia was described by Pick as part of circumscribed frontotemporal atrophy, but
relabeled as primary progressive aphasia (PPA) later [4]. The relatively isolated lan-
guage disturbance in the first 2 years of the illness was suggested as the operational
definition of PPA. However, many cases have behavioral or extrapyramidal features
which appear before 2 years. Variations of this terminology, particularly progressive
nonfluent aphasia [9], and pure progressive aphemia [10] have been used. The con-
dition was considered a separate entity for a while, but evidence was presented to
consider it part of Pick complex/FTD [5]. The initial presentation of PPA is often
with word finding difficulty, or anomia. In this respect, PPA patients are not much
different from Alzheimer patients, except they have relatively preserved memory and
non-verbal cognition. AD patients, on the other hand, by the time they show apha-
sic difficulty, usually have significant memory loss, disorientation, visuospatial and
other cognitive impairment. The aphemic patients present with stuttering or slow,
segmented speech and verbal apraxia, which includes articulatory difficulty and
phonological paraphasias [10]. These patients are less likely to be mistaken for AD.
A progressive limb apraxia can be a prominent feature indicating a clinical overlap
between PPA and the apraxic-extrapyramidal syndrome of CBD.

A progressive loss of language output is called logopenia;, defined as prominent word
finding difficulty, but the phrase length is still longer than four words and syntax is pre-
served [11], and this is a common feature of PPA or secondary PA following the behav-
ioral variant (bvFTD). Later, a logopenic variety was separated with different definition,
such as prominent paraphasias and repetition disturbance, but many of these patients
turn out to have AD. Comprehension, nonverbal intelligence and episodic memory are
demonstrably maintained. Broca’s aphasia with agrammatism is more characteristic of
stroke patients, but it may be seen in PPA as a transient stage, usually progressing with
increasing word finding difficulty to mutism. The course is variable, may be quite pro-
longed, but sometimes patients who develop pathology in the basal ganglia or motor
neuron disease, progress quickly and develop difficulty with swallowing and choking
[5]. Mutism has been considered characteristic of PiD, and it tends to be the end-stage
of all forms of FTD, even those which start with behavioral abnormalities.

The differential diagnosis of PPA is most often AD, especially if memory complaints
are present or vascular dementia, until the extrapyramidal or behavioral features make
their appearance or the language deficit remains prominent and fluency is dramati-
cally decreasing, at which time the pattern is distinct enough for probable PPA.

Semantic Dementia (Aphasia)
This variety was separated from PPA as ‘semantic dementia’ by Snowden et al. [12].

These patients progressively lose the meaning of words, but retain fluency and are
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able to carry out a conversation, so initially they are not obviously aphasic. Soon the
impaired comprehension of nouns becomes evident and distinguishes the syndrome
from other progressive difficulty naming objects. The picture is similar to ‘transcorti-
cal sensory aphasia’ in which articulation, phonology and syntax remain intact but
the patient does not comprehend well and has word finding difficulty. Typically they
ask the meaning of words they hear in conversation or asked about: ‘what is broc-
coli?” Semantic substitutions are frequent and later fluent semantic jargon, often
totally irrelevant to the questions asked or the topics discussed appear. They can not
read some irregular words, because reading by meaning is lost, but they continue
to read phonologically. In about half of the cases, visual and tactile agnosia is evi-
dent, in other words the loss is ‘amodal’ and not restricted to language. Patients with
semantic dementia differ significantly from the fluent aphasics of AD because they
have a relatively preserved episodic and autobiographical memory at least initially.
Furthermore, AD patients tend not have the comprehension problem so prominently
at earlier stages of illness. The behavior can be so bizarre that some of these patients
are considered hysterical. Semantic dementia is often associated with bvFTD, and
patients presenting with the behavioral symptoms often have elements of semantic
dementia. Severe dominant side temporal atrophy is characteristic [13].

Corticobasal Degeneration/Progressive Supranuclear Palsy

The extrapyramidal component of PiD was recognized in the 1930s and later described
as corticodentatonigral degeneration recognizing the similarity of the pathology to
PiD [14]. These descriptions included language and behavioral changes, but the dis-
ease was described in movement disorder clinics subsequently under the label cor-
ticobasal degeneration [15]. The clinical syndrome of unilateral rigidity, prominent
apraxia, gaze palsy, reflex myoclonus and the alien hand syndrome was emphasized
and the cortical symptoms remained in the background until recently. There were
some case reports describing patients presented clinically as CBD, but turned out to
have Pick bodies or other FTD pathology [16]. Other cases pathologically typical of
CBD have FTD or PPA without the extrapyramidal features [17]. We suggested that
the clinical syndrome of prominent apraxia, unilateral extrapyramidal syndrome and
alien hand phenomenon should be designated as corticobasal degeneration syndrome
and CBD should be used for the pathological picture. (CBS is another abbreviation
for the clinical syndrome.) Corticobasal degeneration syndrome showed significant
overlap with the syndromes of FTD/Pick complex [18].

The syndrome of axial dystonia, bradykinesia, falls, dysphagia, and vertical gaze
palsy was described as progressive supranuclear palsy (PSP) [19], but the overlap with
CBD has been increasingly recognized [20]. Many CBD patients also have vertical
gaze palsy; some have falls, and symmetrical extrapyramidal syndrome. PSP may fol-
low FTD and PPA and vice versa in sufficient number of cases that the relationship
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is now considered well established. Some studies comparing the neuropsychological
features of PSP and CBD found no significant difference between them [21]. The
pathological biochemical and genetic evidence also support the relationship. There is
continuing controversy to what extent PSP and CBD can be differentiated, and many
still consider them separate disease entities but the evidence is in favor that CBD/PSP
is also part of the Pick complex.

Motor Neuron Disease and FTD

Recently, a great deal of interest has been shown in the association of dementia with
MND. Cognitive and behavioral impairment has been observed in amyotrophic lat-
eral sclerosis (ALS), and some estimate it to be as high as 50% [22] and sometimes
FTD or PA is observed. There are also some (about 10%) of cases of FTD and PPA
that develop MND [23]. It also became evident that the majority of FTD and PPA
cases (not only those with MND) have ubiquitin-positive, tau-negative inclusions in
the cortex, which have been previously described in the motor neurons in ALS [24].
A new protein abnormality designated as TDP-43 was found to be common to both
the ubiquinated variety of FTLD (FTLD-U) and ALS (see below).

Investigation

Although the clinical diagnosis is well within the competence of the general neurolo-
gist, psychiatrist and geriatrician, confirmation and support should be obtained in
all cases with neuroimaging. In addition, a behavioral inventory and cognitive tests,
especially language examination, are useful.

Neuroimaging preferably with MRI will quickly provide the diagnostic con-
firmation of focal atrophy in the majority of cases and it is essential to exclude a
neoplasm, vasculitis and demyelinating disease. At times, CT is quite adequate for
the purpose, but atrophy is more difficult to distinguish with CT. At times, subtle
focal differences are unreported by general radiologists and a personal review of the
scan is advisable. HMPO-SPECT and PET scanning may be more sensitive to focal
change than structural imaging and amyloid or transmitter scanning may be used
in the future.

Caregiver responses to a questionnaire, such as the Frontal Behavioral Inventory
[25], used at the initial interview, turns out to be the most useful diagnostic tool for
bv-FTD. The inventory was designed as a series of structured questions scripted so
both the normal and abnormal aspects of the behaviors were included. Each item
was scored on a scale of 4: 0 = none, 1 = mild or occasional, 2 = moderate, 3 = severe
or most of the time. The items were grouped as negative behaviors such as apathy,
aspontaneity, indifference, inflexibility, personal neglect, distractibility, inattention,
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loss of insight, logopenia, verbal apraxia, questioning the meaning of words and
alien hand. These last four items were included to capture specific motor and speech
behaviors, which may be associated with FTD. The positive group of behaviors con-
tained items of disinhibition such as perseveration, irritability, jocularity, irresponsi-
bility, inappropriateness, impulsivity, hoarding, restlessness, aggression, hyperorality
and hypersexuality. A score above 30 is in the range for bvFTD. We demonstrated
in a study with the behavioral inventory that using cognitive tests only 75% of FTD
and AD patients can be distinguished, while adding FBI to the discriminant function
100% discrimination was achieved [25].

Neuropsychological deficits have been variable because of the types and meth-
ods of patient selection at different stages of illness and the tests used [26, 27].
Orientation and episodic memory is relatively preserved and the Mini-Mental Status
Examination may be normal in early cases. Frontal lobe functions are impaired;
however, some patients with behavioral presentation perform well on ‘frontal’ tests
especially if they are seen early. Although FTD can present as a ‘dysexecutive syn-
drome;, frontal lobe or executive deficits are often involved in AD as well. Some
preservation of memory is typical, but not universal by any means. There is often a
memory complaint in FTD, but the reason for impaired memory performance could
be related to inattention, lack of motivation and/or language impairment. Although
drawings in FTD patients may be impoverished due to amotivational performance,
visuospatial function is generally intact. Some patients may be perseverative in
drawing. At times, copying can be compulsively faithful to detail. Visuospatial tasks
requiring executive function, such as trail making, are impaired at an early stage,
but block design and Raven’s Coloured Progressive Matrices may be preserved. At
times, impulsivity, disinhibition, perseveration, echopraxia and utilization behavior
are observed during neuropsychological testing. In later stages, the patient may be
too restless or language impaired to test.

Genetic testing yields a relatively high number of tau [28] and progranu-
lin [29] mutations, although in only about 10% of the familial cases, and it is
not widely available. The clinical phenotypes do not predict the pathology or
the genotype with certainty, although the association of bvFTD with seman-
tic dementia suggests ubiquitin-positive pathology and progranulin mutations
(FTLD-U); the combination of CBD/PSP with PPA is likely associated with tau-
positive pathology and tau mutation (FTLD-T) in the familial cases [30]. Other
mutations such as the CHMP on chromosome 3 [31] and the valosin-containing
protein on chromosome 9 [32] are infrequent. The TDP-43 protein [33] is more
ubiquitous, but mutations were found on chromosome 1, only in ALS patients
so far [34].
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Glossary

1. Frontotemporal Dementia (FTD)
Used for both

A. The behavioral presentation, and
B. The overall disease.

2. Frontotemporal Degeneration (FTD)
A. Used for all pathological variants.
B. The abbreviation is the same as clinical FTD.

3. Frontotemporal Lobar Degeneration (FTLD)

A. Lobar was added for the overall pathological designation to reserve FTD for the behavioral
presentation.

B. Also used for the overall clinical disease.

4. Pick’s Disease (PiD)

A. The overall clinical syndrome, used less now, because of restricting it to 2.

B. Histologically defined entity, diagnosable only on post-mortem, with silver and tau-positive,
round or oval inclusions in the cortex.

5. Pick Complex (FTD/Pick)
Includes all the clinical syndromes and underlying pathological variants. FTD/Pick is also used
throughout this chapter combining 1 and 5 as a composite abbreviation.

6. Primary Progressive Aphasia (PPA)

Slowly progressive aphasia before anything else develops. This presenting syndrome is also part of
FTD/Pick. It also has a variety of pathologies just like FTD. At times specified as progressive
nonfluent aphasia (PNFA).

7. Semantic Dementia (SD)
A multimodality loss of meaning, difficulty with both comprehension and naming, especially
nouns with preserved fluency.

8. Corticobasal Degeneration Syndrome (CBDS)
Unilateral rigidity, immobility, apraxia, and the ‘alien hand} but many of these patients develop
features of FTD and PPA. It overlaps with PSP (10).

9. Corticobasal Degeneration (CBD)
Basal ganglionic and cortical silver and tau-positive neuronal inclusions, often look like Pick
bodies, ‘Pick cells” are characteristic. Also used as the clinical syndrome (like in 8).

10. Progressive Supranuclear Palsy (PSP)

Defined by vertical gaze palsy, slowness, falling and dysarthria. The symptoms, pathology, tau
biochemistry, and genetics overlap with CBDS (8) and CBD (9). Probably part of Pick complex.
Some prefer to keep it separate.
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11. FTD with Motor Neuron Disease (FTD-MND)
This was initially described as a clinical entity. Same as ALS-dementia.

12. FTD- with Motor Neuron Disease Inclusion Type of Pathology (FTD-MND, MNDID, FTLD-U)
Many cases of FTD with ubiquitin positive tau-negative inclusions, typical of MND, but most have
no clinical MND. Also called motor neuron disease inclusion dementia (MNDID).

13. FTDP-17
FTD and parkinsonism linked to chromosome 17. Less than half of these families have tau
mutations. The first published family also had amyotrophy (MND).

14. Dementia Lacking Distinctive Histology (DLDH)

Pathology without Pick bodies or typical CBD features. Most of these turn out to have MND type
inclusions when stained with ubiquitin.
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Neuropathological Spectrum of
Frontal Lobe Dementias

Eniko Kovari

Division of Neuropsychiatry, Department of Psychiatry, Geneva School of Medicine, Chéne-Bourg,
Geneva, Switzerland

Abstract
Frontotemporal dementia (FTD) is characterized by different severity of frontotemporal atrophy, and
histologically by neuronal loss, gliosis and spongiosis. Due to the new discoveries in biochemistry,
genetics and neuropathology, re-examination of the former neuropathological criteria was neces-
sary. Actually, we distinguish subgroups on the basis of the presence or absence of intraneuronal or
intraneuronal and glial inclusions: the so-called FTD tauopathies, such as Pick’s disease, corticobasal
degeneration, progressive supranuclear palsy, FTD with parkinsonism linked to chromosome 17,
argyrophilic grain disease and neurofibrillary tangle dementia. FTD nontauopathies include demen-
tia lacking distinctive histology (without any known inclusion) and FTD (clinically with or without
motor neuron disease) with ubiquitin-immunoreactive inclusions. In the latter group, a new patho-
logical protein, the TAR-binding protein (TDP-43), was recently described as the main component of
inclusion, and several new mutations were also discovered. The new neuropathological criteria could
be a great help in the neuropathological diagnosis and in further clinicopathological studies, and
the new discoveries are useful in understanding the underlying disease processes.

Copyright © 2009 S. Karger AG, Basel

The clinical syndromes of frontotemporal dementia (FTD), semantic dementia,
primary progressive nonfluent aphasia, and progressive apraxia called frontotem-
poral lobar dementia (FTLD) [1] regroup a diversity of neuropathological entities.
With exception of genetically determined cases, a postmortem examination of the
brain is necessary to obtain the definitive diagnosis of the underlying degenerative
disease.

The gross examination of the brain in most cases reveals frontal and/or temporal
- sometimes asymmetric — lobar atrophy. In early stages the brain could be nor-
mal, in advanced disease the severe atrophy may affect also the basal ganglia [2]. In
cases with associated parkinsonism, loss of pigmentation of the substantia nigra is
seen [3]. The common histological features are neuronal loss, spongiosis and corti-
cal astrogliosis.



The clinical and neuropathological classifications have changed several times
since the original description of the clinical entity by Arnold Pick in 1892 [4] and the
underlying neuropathological changes by Alois Alzheimer in 1911 [5].

The classical neuropathological classification of FTD, earlier called Picks disease
(PiD), is based on histological hallmarks. After recognizing that the main histological
feature, the Pick bodies (PiB), is present only in the minority of cases, Constantinidis
et al. [6] determined 3 neuropathological subtypes: type A with PiB; type B with bal-
looned neurons (the so-called Pick cells) and type C, without any specific histological
lesions. With the beginning of application of immunohistochemical methods in the
1980s, the Lund and Manchester Groups reclassified the FTD on the basis of the pres-
ence or absence and immunohistochemical patterns of intracellular inclusions. The
frontal lobe degeneration type showed milder neuronal loss and spongiosis in the
superficial cortical layers without intraneuronal inclusions; the Pick type was char-
acterized by more severe neuronal loss and gliosis with or without PiB and swollen
neurons, and in the motor neuron disease (MND) type ubiquitin-reactive inclusions
were present in the involved areas [7].

Following the advances in molecular genetics, biochemistry and immunohis-
tochemistry, a revision of the already existing neuropathological criteria was neces-
sary. Corticobasal degeneration (CBD) and progressive supranuclear palsy (PSP) were
classified as members of the subgroup of FTD tauopathies, and in the last years more
and more genes (as the genes of TAR DNA-binding protein, TDP-43, on chromosome
1; valosin-containing protein, VCPE, on chromosome 9p21-p12; progranulin, PGRN,
on chromosome 17q21-22) were identified as having a possible role in the FTD
with ubiquitin-reactive inclusions [8]. In 2001, the Work Group on Frontotemporal
Dementia and Pick’s Disease [9], and in 2007 the Midwest Consortium for
Frontotemporal Lobar Degeneration [10] reviewed new discoveries in this field. The
novel classification is based on the presence or absence of intracellular inclusions and,
if present, on the biochemical composition of the pathological protein and genetic
alterations (table 1). Thus, two main forms of FTD are distinguished: FTD tauopa-
thies and FTD nontauopathies.

Frontotemporal Dementia Tauopathies (Frontotemporal Dementia with Tau-
Immunoreactive Inclusions)

The main histological hallmark of this group is the presence of tau immunoreactive
inclusions in the neurons and/or glial cells (astrocytes and oligodendrocytes). Tau is a
microtubule-associated protein tau (MAPT) gene product with six tau isoforms in the
human adult brain. Three isoforms contain three microtubule-binding repeats (3R),
the others four (4R). On this basis, this group is divided into 3R, 4R and 3R and 4R
subgroups.
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Table 1. Classification of FTDs'

Tauopathies

1. Predominantly 3R tau-containing inclusions
A. FTLD with PiB (PiD)
B. FTLD with MAPT mutation (FTDP-17T)

2. Predominantly 4R tau-containing inclusions
A.CBD
B. PSP
C.AgD

3. 3R and 4R tau-containing inclusions
Neurofibrillary tangle dementia

Nontauopathies

1. FTLD without tau- or ubiquitin/P62-positive inclusions (dementia lacking distinctive histologic
features, DLDH)
2. FTD-U ubiquitin-positive/P62-positive, tau-negative inclusions
A.TDP-43 proteinopathies
FTLD-U with or without MND (FTLD-U types 1-3)
FTLD-U with PGRN mutation (FTLD-U type 3)
FTLD-U with VCP mutation (FTLD-U type 4)
FTLD-U linked to chromosome 9p (FTLD-U type 2)
B. Non-TDP-43 proteinopathies._
- Ubiquitin and P62-positive, TDP-43 and tau-negative inclusions:
FTLD-U with CHMP2B mutation
BIBD
- Ubiquitin, P62 and a-internexin-positive inclusions:
NIFID

'"Modified and simplified version based on reference [10].

Predominantly 3R Tauopathies

Pick’s Disease

The term PiD was used for a long time for the entity that today is called FTD, but it
became evident that cases showing the main histological feature, the PiB, are rela-
tively rare, less than 20% of all FTD cases [11]; however, we do not have real epide-
miological data.

Genetic predisposition of the PiD is not clear; it appears that most cases originally
described as familial PiD are in reality FTDP-17 cases [12], considering that both
have some similarities in their histological and immunohistochemical appearance.

In classical cases, the brain shows severe atrophy (‘knife edge’ type) of the frontal
and/or temporal lobes. The posterior 1/3 of the temporal cortex and the peri-Rolandic
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area is typically spared (fig. 1a). The head of the caudate nucleus is flattened, and sec-
ondary to the brain and basal ganglia atrophy the anterior horns of the lateral ven-
tricles are enlarged.

Neuronal loss, gliosis and spongiosis (fig. 1b) — depending on the severity — could
affect only the superficial cortical layers or be transcortical. The main histological
feature are PiBs, argyrophilic and tau-immunoreactive intracytoplasmic neuronal
inclusions seen in the dentate gyrus (fig. 1c), subiculum, CA1 sector of hippocampus
and layers II-III (and in severe cases also in layer VI) of the temporal and frontal
neocortex and sometimes in several subcortical nuclei such as the caudate nucleus,
thalamus, amygdala [13]. PiBs are spherical, well delimited, on hematoxylin-eosin
staining basophilic inclusions situated in the cytoplasm of neurons [14].

Frontotemporal Dementia and Parkinsonism Linked to Chromosome 17

It has been known since 1986, that the MAPT gene is localized on chromosome 17.
The identification of association of the tau gene mutations and FTDP-17T in 1994
[15] demonstrated that tau dysfunction itself could cause neurodegenerative disease
[16]. The prevalence and incidence of FTDP-17T are unknown. Until the end of 2007,
39 mutations in 115 families were identified [8].

FTDP-17T shows an autosomal dominant inheritance affecting equally males and
females. The average age at onset is 49 years [16]. It presents macroscopically with
mild to severe frontal and/or temporal - sometimes asymmetric — atrophy, affecting
also the caudate nucleus, putamen, globus pallidus, amygdala, hippocampus, ventral
thalamus, substantia nigra and locus coeruleus [3,16].

The main histological characteristic is the presence of tau-immunoreactive inclu-
sions in neurons or in both neurons and glial cells. The histological picture may vary
depending on the type of tau gene mutation; however, there is some uniformity con-
cerning the distribution of lesions. The alterations are seen in both the cortex and
subcortical gray and white matter. Unspecific histological signs (seen in all forms of
FTD): neuronal loss, gliosis, spongiosis are mostly transcortical. Argyrophilic, tau-
immunoreactive inclusions are present in the neurons, oligodendrocytes and less
commonly astrocytes of the affected regions. Cases without glial inclusions resemble
PiD [8].

Predominantly 4R Tauopathies

Corticobasal Degeneration

The first description of CBD dates back to 1967 [17]. It is a member of the group of
atypical parkinsonism. The prevalence is not known, but it is probably often under-
diagnosed. Most cases are sporadic; however, in some familial CBD cases reported
earlier, it remains to be determined whether they really correspond to FTDP-17T
cases [16].
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Fig. 1. a. Frontotemporal atrophy in PiD. Note the ‘knife edge’ atrophy of the anterior 2/3 of the
superior temporal gyrus (arrow). b Spongiosis, neuronal loss and gliosis in the temporal cortex in
PiD. c PiBs in the dentate gyrus in PiD. d Ballooned neurons in the anterior cingulate cortex. e Globoid
NFT in the locus coeruleus. f Neuropil threads (arrow). g Coiled body in CBD (arrow). h Ubiquitin
positive inclusions in the dentate gyrus in FTD-U. b Hematoxylin-eosin staining. ¢, e Tau-
immunohistochemistry. d aB-crystallin immunohistochemistry. f, g Gallyas staining. h Ubiquitin
immunohistochemistry. Scale bar: 200 um (b, ¢, h); 50 um (d, e, f, g and inserts c and h).
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Classic CBD cases show focal, usually asymmetric cortical atrophy most pro-
nounced in the peri-Rolandic region [18]. Brain stem atrophy is generally less severe
than in PSP. On histological examination in the affected regions — mainly the peri-
Rolandic region - cortical atrophy is seen due to the neuronal loss and gliosis, accom-
panied by spongiosis of the superficial layers. Swollen neurons (ballooned neurons)
are present in the third, fifth and sixth cortical layers (fig. 1d) of the anterior cingulate
cortex, insular cortex, superior frontal cortex, superior temporal cortex and also in
the amygdala and claustrum [16, 19]. Ballooned neurons resemble Pick cells of PiD
and show immunoreactivity for aB-crystallin. Tau-immunoreactive inclusions in the
affected cortical areas have a pleomorph structure, they could be small and round
resembling PiD or have a more filamentous or granular structure. Neurofibrillary
tangles (NFTs) of the brainstem (substantia nigra and locus coeruleus) are globoid
and they are called corticobasal bodies (fig. 1e). In addition to neurons, cell processes
and glial cells are also affected in CBD. Neuropil threads and astrocytic plaques (tau-
containing cell processes of neurons and astrocytes; fig. 1f) as well as coiled bodies
(intracytoplasmic inclusions in oligodendrocytes; fig. 1g) are usually numerous in
CBD [16].

Progressive Supranuclear Palsy (Steele-Richardson-Olszewski Disease)

PSP was first described in 1964 [20]. It is a sporadic disease; however, some familial
cases with PSP-like phenotype are described. It presents typically with atypical par-
kinsonism and ophtalmoplegia, but early behavioral manifestations are not rare, ren-
dering the distinction from FTD difficult [3]. True prevalence rates are not known, it
is probably, as it is the case in CBD, underestimated.

The telencephalon generally does not show severe atrophy, but in most cases
basal ganglia and brainstem are reduced in size and a discoloration of the substantia
nigra and locus coeruleus is present. The main histological feature is the presence
of tau-immunoreactive inclusions in neurons (globoid NFTs in the brainstem), glial
cells (tufted thorn-shaped astrocytes), oligodendrocytes (coiled bodies) and neuro-
pil threads. NFTs are numerous in the subthalamic nucleus, the basal ganglia and
brainstem [18], and often the superior colliculus and oculomotor complex are also
affected.

Argyrophilic Grain Disease
Argyrophilic grain disease (AgD) is a late-onset dementia described in 1987 by Braak
and Braak [21]. For a long time, it was doubtful whether it represents a distinct entity,
but later it was recognized that AgD is relatively frequent in the group of degenerative
dementias. The prevalence varies between 5 and 10% in consecutive autopsy series
[22].

On external examination, the brain appears normal; it shows at most a mild diffuse
or frontotemporal atrophy and the hippocampus is generally preserved. The main
histological hallmarks are the spindle-shaped argyrophilic, tau-containing grains in
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the neuronal processes and coiled bodies in oligodendrocytes. Argyrophilic grains
are also present in cortical and subcortical structures, mainly in the transentorhinal
and entorhinal cortex, followed by the amygdala and temporal cortex. High densi-
ties may be present also in the hypothalamic lateral tuberal nucleus. Coiled bodies, a
nonspecific sign also present in other tauopathies such as CBD and PSP, are however
always present in white matter close to the cortex. Ballooned neurons are a frequent
feature in the amygdala [16, 22].

3R and 4R Tauopathies

Neurofibrillary Tangle Dementia (Tangle-Only Dementia)

Neurofibrillary tangle dementia, also called tangle-only dementia is mainly found
in elderly individuals with a prevalence of 1.7-5.6% according to different autopsy
series. The histological picture resembles Alzheimer’s disease, the main hallmark is
the presence of numerous NFTs in the hippocampus and parahippocampal regions,
especially in the entorhinal and transentorhinal cortex, subiculum and the CA1 field
of the hippocampus in the absence or scarcity of amyloid deposits (senile plaques)
[23].

Frontotemporal Dementia Nontauopathies (Frontotemporal Dementia without
Tau-Immunoreactive Inclusions)

Frontotemporal Lobar Degeneration

FTDL, called also dementia lacking distinctive histology (DLDH) represented until
recently more than 50% of all FTD cases, but using immunohistochemistry more
than 50% showed ubiquitin-reactive intracytoplasmic inclusions (FTLD-U) on re-
examination [24]. In this group, both sporadic and familial cases are described [8].
On macroscopy, brains with DLDH show different severity of atrophy; histologi-
cally, only aspecific signs such as neuronal loss, gliosis and spongiosis are seen.
Until today, no pathological protein has been identified that could play a role in
DLDH.

FTD-U

The presence of ubiquitin-immunoreactive inclusion was originally described in
MND with dementia [25]. Since this first description, a number of cases have been
reported with ubiquitin-positive inclusions in the absence of MND in both sporadic
and familial FTD [26, 27].
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TDP-43 Proteinopathies

TDP-43, a nuclear protein, was recently identified as a major protein component of
the ubiquitin-immunoreactive inclusions seen in sporadic and familial FTLD-U, with
and without MND, and it is also present in sporadic amyotrophic lateral sclerosis, a
form of MND [28,29]. The pathologic form of TDP-43 is hyperphosphorylated and
ubiquitinated [29]. This subgroup seems to be the most frequent regarding all FTD
cases [2, 30].

The ubiquitin and TDP-43 pathology represents a diversity of histological altera-
tions: neuronal cytoplasmic inclusions (fig. 1h), neuronal intranuclear inclusions,
dystrophic neurites, and glial cytoplasmic inclusions that are negative for tau, a-synu-
clein, B-amyloid, and neuronal intermediate filaments [31]. They are mostly present
in the neurons of the dentate gyrus of the hippocampus and in the small neurons of
the frontal and temporal cortices.

Depending on the location and type of inclusions, three histological patterns of
ubiquitin inclusion pathology can be distinguished: (1) type 1, cases with a relative
abundance of ubiquitin-positive pathology in superficial cortical layers and a pre-
dominance of long neuritic profiles over cytoplasmic inclusions; (2) type 2, cases
with ubiquitin-positive pathology in both superficial and deep cortical layers with
a predominance of cytoplasmic inclusions and only rare neuritic inclusions; (3) type
3, cases with a predominance of ubiquitin-positive pathology in superficial cortical
layers and an abundance of cytoplasmic inclusions that are often ring shaped, short
neuritic profiles, and ubiquitin-positive dots in the gray matter [32].

In the last years, several mutations were described in the familial forms of FTD-U
as a cause of the degenerative disorder.

A mutation of the PGRN gene on chromosome 17 was described in cases FTD-U
with mainly neuronal intranuclear inclusions, but also with neuronal cytoplasmic
inclusions and dystrophic neurites. Interestingly, the ubiquinated pathological pro-
tein in these cases is not progranulin but TDP-43 [29].

VCP gene mutation presents as inclusion body myopathy associated with Paget’s
disease of bone and FTD, a rare autosomal dominant disease characterized by numer-
ous neuronal intranuclear inclusions and few neuronal cytoplasmic inclusions and
dystrophic neurites. The ubiquitinated protein also in these cases is TDP-43 [29].

In 2006, a novel mutation on chromosome 9 was described in a family with FTD-U
[33].

These findings indicate that the PGRN and VCP gene mutations cause a loss or dis-
turbed gene function, leading to impaired metabolism of TDP-43 [34]. Interestingly,
the same pathological protein is found in the inclusion of familial cases without
known mutation and also sporadic FTD-U cases.

Non-TDP-43 Proteinopathies

FTDL-U with CHMP2B Mutation. A rare cause of FTD linked to chromosome 3 is
mutations in the charged multivesicular body protein 2B gene (CHMP2B) [35]. Brains
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show global (mostly) frontotemporal and central atrophy, with ubiquitin-positive but
TDP-43- and tau-negative inclusions [36].

Basophilic Inclusion Body Disease. Until now, only about ten basophilic inclusion
body disease (BIBD) cases have been reported. The young-onset dementia is associ-
ated with MND. The frontotemporal cortex, caudate nucleus, and substantia nigra are
affected and histologically round cytoplasmic basophilic inclusions are seen immu-
nonegative for tau, TDP-43 or neurofilaments. Inclusions are present in the basal
ganglia and brainstem nuclei, in the motor neurons in the hypoglossal nuclei, and
may be seen in the spinal anterior horn cells in cases with lower motor neuron signs
and in lower numbers also in the hippocampus, subiculum, parahippocampal gyrus,
amygdala, and cerebellar dentate nucleus [37].

Neuronal Intermediate Filament Inclusion Disease. The clinical and pathological
characteristics of neuronal intermediate filament inclusion disease (NIFID) may
resemble BIBD; however, in NIFID the frontal atrophy is more pronounced — mainly
in its posterior part — compared to the temporal region. Histologically, with conven-
tional stains, both disorders are indistinguishable, but in NIFID neuronal intracyto-
plasmic inclusions are neurofilament and a-internexin immunoreactive [37].

Conclusion
The exact neuropathological diagnosis of FTD has also clinical consequences. To

make it, immunohistochemistry is necessary and commercially available antibodies
are now available. In some forms, genetic counseling may be advisable.
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Abstract
Frontotemporal dementia represents an important cause of dementia that requires differentiation
from Alzheimer’s disease. As molecular therapies for both diseases begin to emerge, neuroimaging
biomarkers will be needed that can improve diagnostic accuracy and enable treatment monitoring.
At present, structural magnetic resonance imaging provides a useful adjunct to clinical assessment,
helping to distinguish frontotemporal dementia from Alzheimer’s disease and from nonneurode-
generative disease. Future imaging research will seek to more directly assay disease by assessing
network level pathophysiology and accumulation of misfolded proteins in cerebral tissues.

Copyright © 2009 S. Karger AG, Basel

Neuroimaging plays an increasing role in the differential diagnosis of dementia. This
chapter outlines the utility, challenges, and promise of neuroimaging tools, empha-
sizing the role these techniques can play in distinguishing frontotemporal dementia
(FTD) from Alzheimer’s disease (AD).

Each dementia syndrome features a signature pattern of functional anatomic
impairment associated with a short differential diagnosis of underlying histopatholo-
gies (table 1). Therefore, careful assessment for regional atrophy patterns can lead
the clinician to the most likely disease. Advanced structural-functional connectivity
mapping techniques, such as diffusion tensor imaging (DTI) and functional connec-
tivity magnetic resonance imaging (fcMRI), may further extend clinicians’ reach by
allowing us to probe endpoints closely related to neurodegeneration pathophysiology.
But no longer must we think of neuroimaging as only a measure of brain structure
and function. Molecular imaging promises to help us peer deeper, into the specific
microscopic pathomolecular substrates of disease. This capability, once fully devel-
oped, has the potential to overcome some of the most vexing challenges in dementia
differential diagnosis.



Table 1. AD and FTD functional and anatomical impairments

Syndrome  Early deficit Early network/ region Underlying histopathology
Typical AD  episodic memory MTL-PCC/precuneus- AD, rarely FTLD-U with
lateral temporoparietal hippocampal sclerosis
FTD
BVFTD social-emotional function R > L ACC-FI, frontal pole, FTLD-T =FTLD-U", rarely
amygdala, striatum AD
SD semantic knowledge or L or R temporal pole, FTLD-U' >> FTLD-T=AD
emotional meaning amygdala, sACC, FI
PNFA motor speech and L inferior frontal cortex, FTLD-T > FTLD-U' > AD
language fluency precentral insula, striatum
FTD-MND  social-emotional function, ACC-FI network, bulbar FTLD-MND!'
motor power and spinal motor nuclei >

primary motor cortex

L = Left; MTL = medial temporal lobe; R= right; sACC = subgenual ACC.
'Usually with TDP-43-immunoreactive neuronal cytoplasmic inclusions.

Frontotemporal Dementia Clinical-Anatomic Features

AD and FTD are the leading causes of dementia in patients under 65 years of age [1].
FTD refers to a group of dissociable neurodegenerative syndromes that impair social
behavior, speech, language, or a combination of these faculties. In contrast to typical
amnestic AD, which leads to predominant medial temporal and posterior cortical
atrophy, FTD involves specific anterior brain structures often spared in AD (table 1;
fig. 1) [2, 3]. Three major FTD clinical subtypes are recognized [4]. In the behavioral
variant (bvFTD), early symptoms include disinhibition, apathy, compulsivity and
overeating, and loss of sensitivity to others’ emotions, accompanied by progressive
degeneration within anterior brain regions, including anterior cingulate (ACC) and
adjacent rostromedial prefrontal cortex (rmPFC), the frontal insula (FI), frontal pole,
and ventral striatum [2, 5]. Dorsolateral prefrontal cortex degeneration occurs later
[6], accompanied by executive functioning deficits often absent at earlier stages. In
semantic dementia (SD), a fluent aphasia that erodes word, object, and emotional
meaning [7, 8], patients show temporal pole degeneration followed by ventromedial
prefrontal cortex, subgenual ACC, FI, and ventral striatal involvement [8, 9]. SD often
follows an asymmetric pattern but rapidly proceeds to involve homologous contral-
ateral structures [8, 9]. Progressive nonfluent aphasia (PNFA), in contrast, leads to
dysfluent, effortful, agrammatic speech and dominant frontal operculum, supple-
mentary motor area, and dorsal insula atrophy [10, 11]. The consistency of these syn-
dromic regional atrophy patterns has helped structural MRI become a useful adjunct
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Fig. 1. Practical approach to T1-weighted structural MRl in patients with FTD and AD. Evaluation of
sagittal (adjacent to the midline and through the circular insular sulcus) and coronal (at the level of
the temporal poles) slices can help differentiate AD from FTD subtypes. In AD, prominent atrophy
in posterior cingulate/precuneus (PCC/preCu) and lateral parietal (LP) regions stands in contrast to
sparing of pregenual ACC (pACC)/rmPFC and Fl. BvFTD shows the opposite pattern, devastating
ACC/rmPFC/FI and sparing PCC/preCu/LP. SD features marked often asymmetric temporal pole
(TP) atrophy, and PNFA reflects dominant frontal operculum (FO) and supplementary motor area
(SMA) degeneration. Comparable slices from a healthy control subject (bottom) provide an ana-
tomical index. *Note that hippocampus (hipp) and dorsolateral prefrontal cortex (dIPFC) atrophy
often fail to differentiate AD from FTD syndromes, especially in early age-at-onset patients. In the
coronal images, the right side of the image corresponds to the left side of the brain.
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to the symptoms, signs, and neuropsychological features that define each syndrome.
A practical approach to differentiating FTD syndromes from each other and AD is
outlined in figure 1.

Challenges in Frontotemporal Dementia Neuroimaging

Early and Magnetic Resonance-Negative Frontotemporal Dementia

While the broad FTD functional and regional deficit profiles have now been well
characterized [12], much less is known about early stage and preclinical disease. Most
patients present to academic centers more than 5 years after symptom onset, mak-
ing it difficult to study large early-stage cohorts. Previously, we used voxel-based
morphometry to identify regions atrophied in 15 patients with very mild bvFTD,
defined as a Clinical Dementia Rating score of 0.5 [6]. Intriguingly, rather than show-
ing any single region of focal atrophy, early bvFTD featured circumscribed degenera-
tion within a ‘network’ of frontal paralimbic and subcortical regions bearing known
anatomical connections in primates. Still, much controversy surrounds what to do
when the scan is normal. In some bvFTD series, nearly half of all patients presented
with little or no MR-detectable atrophy [13, 14]. Some patients with minimal atrophy
evolved into a progressive bvFTD syndrome, but others showed no progression over
long-term follow-up, suggesting that they were misdiagnosed on clinical grounds.
Positron emission tomography may prove more sensitive to frontotemporal dysfunc-
tion [15, 16], but hypometabolism is also less specific to neurodegenerative disease
than atrophy, raising the potential for false-positive diagnoses among psychiatric
bvFTD mimickers. f{cMRI and DTI have been proposed as potential early disease
alternatives to traditional MRI [17, 18], and could prove the most sensitive and spe-
cific for early bvFTD neurodegeneration, but these modalities remain unproven. In
contrast to bvFTD, SD and PNFA routinely show focal atrophy at presentation [14],
suggesting that these diagnoses should be made with caution when neuroimaging
studies are unremarkable.

Predicting Pathology

A primary goal of clinical syndromic diagnosis is to guide pathological predictions.
So far, however, such efforts have been disappointing. BvFTD, for example, relates
equally to tau-positive frontotemporal lobar degeneration (FTLD-T) and tau-nega-
tive, ubiquitin-positive pathology (FTLD-U) [19]. Prediction accuracy improves for
SD and PNFA, but remains challenging, and up to a third of these patients may show
underlying AD at autopsy [20, 21]. The basic principle giving rise to these observa-
tions is that molecular histopathologies do not follow set rules about which brain
systems to target. Rather, despite important, indeed defining anatomical predilec-
tions, neurodegenerative diseases can make their way inside one of several networks
to cause disease. This flexibility should not surprise us, as AD has long been known to
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cause diverse clinical syndromes, including visual, motor, language, and even behav-
ioral variants [20, 22, 23]. Accordingly, even if emerging structural-functional tech-
niques make good biomarkers, helping to detect and follow early-stage FTD, these
methods may not overcome pathological differential diagnostic hurdles. Pinpointing
an affected system with neuroimaging may never be enough to predict pathology
with the accuracy required; rather, we may need to image the misfolded proteins
themselves.

Structural MRI will remain the front-line modality for ruling out nondegenerative
(vascular, infectious, demyelinating, and neoplastic) mimickers of neurodegenerative
disease. Accurate molecular diagnosis will become paramount, however, once dis-
ease-specific treatments emerge. Since patients with SD, PNFA, and even bvFTD can
show AD pathology at autopsy [20], and because structural MRI reflects the clinical
syndrome rather than pathology, molecular imaging may soon become a necessary
clinical supplement to guide treatment decisions. A molecular approach, like amy-
loid imaging with the Pittsburgh compound-B [24], will have two major goals in this
context. First, we must prevent FTLD patients from receiving potentially toxic AD
therapies from which they are unlikely to benefit. Second, we need a mechanism to
know exactly which 20-30% of clinical FTD patients have senile plaques and neuro-
fibrillary tangles, not FTLD, throughout their networked anterior brain structures
[25]. Eventually, imaging tools to distinguish FTLD-T from FTLD-U will be needed if
divergent treatments for these FTLD subtypes can be brought to the clinic.

Mixed Pathology

Pathological admixtures within FTD syndromes add an additional challenge. Recent
studies suggest that bvFTD can relate to mixed FTLD-T and FTLD-U pathology [26],
suggesting that some patients may someday benefit from treatments aimed at both
tau and TDP-43 biology. Furthermore, dual AD and progressive supranuclear palsy
pathology can mimic bvFTD, leading to clinical misdiagnosis [Seeley et al., unpubl.
data]. This overlap underscores how important it will become to integrate clinical
findings (e.g. motor and oculomotor signs) with molecular imaging results (e.g. posi-
tive Pittsburgh compound-B scan) in formulating final pathological predictions.

Role of Neuroimaging in Frontotemporal Dementia Research

Selective Vulnerability

Large-scale neuropathological studies including asymptomatic elders dying without
dementia have helped to define a typical AD neuroanatomical progression [27], which
begins with neurofibrillary tangle formation in layer 2 entorhinal cortex pyramidal
neurons [28]. Similar approaches have been applied to define a staging system for
Parkinson’s disease [29]. A similar approach cannot be applied to FTLD, because this
pathology is rarely found in unaffected individuals at autopsy. In this light, finding
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the regions and neurons first affected in FTD requires an in vivo approach. We have
used the bvFTD anatomical pattern as a roadmap for exploring cell-specific pathol-
ogy in autopsy materials [30]. Similar approaches to SD and PNFA pathology may
reveal selectively vulnerable neurons within the temporal poles (SD) or frontal oper-
culum (PNFA) that incite the neurodegenerative cascade throughout the network
that progressively succumbs to produce each full-blown syndrome. Studies of these
vulnerable neurons, moreover, may help shed new light on disease pathogenesis.

Clinical Biomarkers to Help Find Treatments

The molecular biology of FID has witnessed major recent advances, including the
discovery of TDP-43, the disease protein underlying most FTLD-U [31], and pro-
granulin, the gene linked to inherited FTLD-U [32]. This progress has raised hopes
for FTD treatments within the coming decades. Imaging has the potential to play
an important role in the development of such treatments, providing a biologically
robust but noninvasive clinical biomarker. Potential modalities for disease monitor-
ing include quantitative MRI, positron emission tomography, fcMRI, and DTI. With
new approaches and refinements coming forth at a rapid pace, the prospects for a
useful imaging biomarker seem bright.

Conclusion

FTD has emerged as an important cause of dementia and a tractable subject for sci-
entific study. Neuroimaging has defined the anatomy of the disease, begun to eluci-
date lesion-deficit correlations, and contributes to syndromic differential diagnosis.
Further developed, neuroimaging could become a key player in the race to treat and
cure FTD.
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Abstract
The management of frontotemporal dementia (FTD), a disorder characterized by varied behavioral
symptoms, primarily involves the use of psychoactive medications. Although there are no approved
treatments for the disorder, selective serontonin receptor inhibitors, such as sertraline, paroxetine, or
fluoxetine, can decrease disinhibition-impulsivity, repetitive behaviors, and eating disorders in FTD.
Low doses of trazodone or an atypical antipsychotic such as aripriprazole can also help manage sig-
nificantly disturbed or agitated behavior. The acetylcholinesterase inhibitors used for patients with
Alzheimer’s disease have not had significant efficacy for patients with FTD, but memantine, another
dementia medication, is under investigation for the treatment of this disorder. In addition to drug
therapy, the nonpharmacological management of patients with FTD focuses on education, behav-
ioral interventions, and care of the caregivers. Most recently, investigators have initiated steps toward
rational drug therapy with the development of outcome measures for clinical drug trials in FTD and
the characterization of treatment targets such tau protein or the TAR DNA-binding protein 43. This
approach holds great promise for an eventual treatment for this devastating early-onset dementia.
Copyright © 2009 S. Karger AG, Basel

Frontotemporal dementia (FTD), or the behavioral variant frontotemporal lobar
degeneration, is a common early-onset disorder [1, 2]. FTD is probably the third most
common neurodegenerative dementia after Alzheimer’s disease (AD) and dementia
with Lewy bodies (DLB). The average age at onset of FTD is 56-58 years, and FTD
accounts for at least 20% of dementia patients with disease onset of less than 65 years
[1]. Given its usual early onset and frequency, FTD tends to afflict people in the prime
of life, when they may be at their most productive holding jobs and providing for
families. Consequently, FTD has a disproportionate impact on families and society.
Despite the significance and impact of FTD, there are no approved treatments for
the disorder, and there are no completed double-blind, randomized, controlled clini-
cal trials in FTD. The development of drug therapy is difficult, in part because of the



varied behavioral nature of this disorder. The main manifestations of FTD are altera-
tions in personality and behaviors, including apathy, disinhibition, disturbed social
behavior, decreased empathy, loss of insight and self-referential behavior, repeti-
tive and compulsive behaviors, and changes in oral and dietary behavior [2]. These
behavioral symptoms result in frequent misdiagnoses, clinical diagnostic criteria that
are difficult to apply, and no proven measures for monitoring FTD patients [3]. Until
recently, there were no instruments demonstrated to be useful in measuring outcomes
in clinical drug trials [4].

Given the lack of specific treatments for FTD, clinicians charged with the manage-
ment of these patients have resorted to several overlapping strategies (table 1). First,
they have applied treatments and interventions used for patients with AD. Second,
they have been interested in targeting neurotransmitter deficits in FT'D, similar to the
use of acetylcholinesterase inhibitors (ChEIns) for AD. Third, they have treated the
behavioral symptoms of FTD with psychoactive medications used for psychiatric dis-
orders. Only in the last 2 years, with the revolution in the understanding of the basic
science of FTD, have we begun to develop true rational drug interventions based on
an understanding of the underlying pathophysiology [5].

In addition to drug therapy, there are a range of nonpharmacological interventions
that can ameliorate the impact of this disorder. Most of these are derived from an
extensive experience in managing patients with dementia in general; however, some
nonpharmacological interventions are specific to FTD. These nonpharmacologi-
cal measures focus on education, behavioral management strategies, and caregiver
support.

Alzheimer’s Disease Therapies in FTD

ChElIns have attained wide use in the treatment of patients with AD. Drugs such as
donepezil, rivastigmine, or galantamine can improve memory measures, temporarily
improve cognition, and stabilize daily functioning among AD patients [6]. ChEIns
may even ameliorate the noncognitive behavioral manifestations of AD [7, 8], sug-
gesting that they could benefit patients with FTD as well. ChEIns have had specitic
effects on apathy or indifference, disinhibition, anxiety, depression, agitation, and the
emergence of aberrant motor behavior [6-9].In addition, neuropsychiatric symptoms
in AD subjects who demonstrate FTD-like frontal lobe perfusion deficits on single
photon emission tomography have responded to ChEIns therapy, particularly with
decreased disinhibition and irritability [10]. In the absence of medications for FTD,
it is, therefore, not surprising that many clinicians prescribe ChEIns in an attempt to
treat these patients.

A few reports suggest improvement among patients with FTD treated with ChEIns
[11, 12]. In a clinical report, Lampl et al. [11] described 9 FTD patients who had
been treated with donepezil or rivastigmine for variable periods of time and found
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Table 1. Pharmacological treatment of FTD'

1 Neuropsychiatric symptoms such as disinhibition-impulsivity, repetitive or stereotypical
behaviors, and food or carbohydrate craving, may respond to SSRI and serotonergic agents
such as sertraline, paroxetine, fluoxetine, or fluvoxamine. Start at low doses and increase
gradually as needed.

2 Trazodone (beginning at 25 mg) can be effective for agitation as well as other
neuropsychiatric behaviors. Somnolence limits its usefulness.

3 Marked disinhibition-impulsivity or aggressive and disruptive behaviors may respond to
small doses of atypical antipsychotics such as aripripazole, but these medications should be
avoided because of an increased risk of EPS.

4 ChEIns (donezepil, rivastigmine, galantamine) are of unclear benefit in FTD and could
exacerbate disinhibition-impulsivity and repetitive or stereotypical behaviors.

5 The role of memantine as a neuroprotective agent in FTD is under investigation.

6 Antioxidants, e.g. vitamin E at 400-2,000 IU, may slow the progression of FTD.

7 Other drugs may target specific behaviors such as inappropriate sexuality and rapid eye
movement behavior disorder. Parkinsonian symptoms have a modest response to
dopaminergic agents. Psychostimulants or modafinil may help apathy-abulia.
Carbamazepine, valproate, or lamotrigine may diminish long-term emotional fluctuations.
These and other drugs await clinical trials in order to determine their efficacy in FTD.

"Modified from Mendez et al. [2].

improvement in the 4 males on general cognitive and single photon emission tomog-
raphy measures. One open-label study compared 20 FTD patients treated with 3-9
mg/day of rivastigmine with 20 matched FTD controls after 12 months of follow-
up [12]. The rivastigmine-treated group had a general amelioration of behavioral
changes on the neuropsychiatric and caregiver measures. The FTD patients in this
study, however, were older by about 10 years than the average age at onset for FTD
and had uncharacteristically significant memory and other cognitive impairments,
delusions, and hallucinations [12]. Although some conclude that this study reflects
class II evidence of efficacy for ChEIns in FTD [13], the patient characteristics sug-
gest that many of their ‘FTD’ patients may have had AD.

The rest of the available data does not provide convincing evidence that FTD
patients benefit from medications that increase brain acetylcholine. First of all, unlike
AD, in FTD there is no neuropathological evidence of a cholinergic deficit, such as
cholinergic loss in the nucleus basalis of Meynert or abnormal choline acetyltrans-
ferase levels in the temporal poles [14, 15]. Secondly, more recent reports did not
find clinical improvement from ChEIns among FTD patients. Using galantamine,
Kertesz et al. [16] treated 36 patients with FTD and related syndromes in an 18-week,
open-label phase and an 8-week randomized, placebo-controlled phase. They found

170 Mendez



no significant differences in behavior or language from galantamine. Mendez et al.
[17] compared 12 FTD patients who received donepezil for 6 months with 12 FTD
controls. The groups did not differ on most behavioral variables at baseline or at 6
months; however, the donepezil group had greater worsening than the non-donepezil
group on the FTD Inventory measures of disinhibition and compulsive or stereotypi-
cal acts. The worsened behaviors abated after discontinuation of the medication.

Memantine, another AD medication, may have greater potential than ChEIns for
the treatment of FTD patients. There is a rationale for the use of this putative neuro-
protective agent in patients with FTD. Memantine is an NMDA receptor antagonist
that prevents glutamine-mediated excitotoxic injury to neurons. One case series of
3 FTD patients noted improvement in neuropsychiatric symptoms, particularly in
apathy, agitation, and anxiety [18]; otherwise, there is limited clinical evidence for
the use of memantine for FTD. The drug, however, is sufficiently promising to have
generated the first multicenter clinical trial for the treatment of FTD. A 26-week,
placebo-controlled, randomized clinical trial of memantine for FTD and related syn-
dromes has started with the goal of enrolling a total of 140 patients at 12 sites in
North America [19].

Neurotransmitters and Therapy in Frontotemporal Dementia

The neurochemistry of FTD indicates roles for treatments aimed at the serotonergic
and dopaminergic systems rather than the cholinergic system [14, 20]. In FTD, sero-
tonergic 5HT,, and 5HT,, receptor levels are decreased in frontotemporal regions
[14], and 40% of neurons are lost in the midbrain raphe nucleus, suggesting a pre-
synaptic 5SHT neuronal disturbance [21]. Cerebrospinal fluid (CSF) levels of 5-HIAA,
the substrate of serotonin, are reduced among depressed FID patients compared to
AD patients [22]. Dopaminergic pathways are also affected in FTD [20]. CSF levels of
homovanillic acid, the substrate for dopamine, are significantly lower in FTD subjects
than in AD subjects [22]. Functional neuroimaging studies further show decreased
binding of a dopamine D2 postsynaptic ligand in the superior frontal regions of sub-
jects with FTD [23]. Finally, among 25 FTD patients, there was a strong correlation
between CSF homovanillic acid/5HIAA ratios, a measure of serotonergic modulation
of dopaminergic neurotransmission, and aggressive behavior [24].

Role of Psychoactive Medications
Patients with FTD often require psychoactive agents to treat their neuropsychiatric
symptoms. Selective serotonergic reuptake inhibitors (SSRIs) or serotonergic trans-

port inhibitors may allow FTD patients to compensate for the serotonergic deficits
noted above. SSRIs such as fluoxetine, fluvoxamine, sertraline, and paroxetine can
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decrease disinhibition, repetitive or stereotypical behaviors, hyperorality, and sexually
inappropriate behaviors among FTD patients [25-29]. In an early study, 4 of 5 FTD
patients treated with fluoxetine, sertraline, or paroxetine for a minimum of 3 months
demonstrated improvement in neuropsychiatric symptoms [25]. In another study,
most FTD patients treated with sertraline had a decrease in their stereotypical move-
ments [26]. Fluvoxamine also decreased stereotypical behaviors in a 12-week open
label study of 16 FTD patients and in a case report of 2 others [30, 31]. Paroxetine has
been successful in the treatment of repetitive, stereotypical behaviors in FTD [27, 32],
and an open-label experience suggests that paroxetine may be helpful for the symp-
tomatic management of this disorder [28]. In contrast, one randomized, placebo-con-
trolled trial failed to show efficacy for paroxetine and instead noted impairments on
learning tasks [33]. Other reports indicate that SSRIs can decrease the dietary changes
of FTD, particularly the carbohydrate and food cravings [25], and diminish sexually
inappropriate behavior and aggression [34].

Trazodone, a unique antidepressant that also inhibits serotonin reuptake, has been
helpful in the management of agitation and other neuropsychiatric behaviors in FTD
[27, 32]. In a randomized, placebo-controlled trial [35], trazodone was effective in
treating the most disruptive behavioral symptoms of this disorder. Furthermore, a
meta-analysis of SSRI and trazodone effects in FID patients showed significant
improvements in neuropsychiatric symptoms [29]. The somnolence associated with
trazodone primarily limits its usefulness.

Behavioral symptoms refractory to SSRIs or trazodone may be responsive to atypi-
cal antipsychotic medications [36]. These newer antipsychotics have less dopamine
D2 receptor occupancy and greater affinities for serotonin and noradrenaline recep-
tors. Marked disinhibition, aggressive behavior, or verbal outbursts may respond to
small doses of risperidone, clozapine, olanzapine, quetiapine, ziprasidone, or aripip-
razole [19, 27, 37-39]. In an open-label study with a 24-month follow-up, 17 FTD
patients had improved agitation, misconduct, and delusions and decreased caregiver
distress on olanzapine [36].

Despite therapeutic benefit, clinicians should not routinely use antipsychotic med-
ications, even the newer atypical antipsychotics, in FTD patients because of poten-
tial somnolence, weight gain, and, in particular, extrapyramidal side effects (EPS).
Similar to patients with DLB, some FTD patients are especially vulnerable to EPS
and tardive dyskinesias [40-42]. Also similar to DLB, in FTD there may be a failure
to upregulate dopamine D2 receptors in response to postsynaptic receptor blockade.
An early report found a unique tendency to moderate parkinsonism on therapeu-
tic doses of haloperidol risperidone [40]. Subsequently, investigators described 24
patients with FTD and related syndromes who received antipsychotic medications
[41]. Eight (33%) of these patients had side effects with 5 (21%) with severe EPS.
Recently, antecollis, a rare form of tardive dystonia which can appear months after
drug cessation, occurred in 3 FTD patients who received atypical antipsychotics
(risperidone, clozapine, olanzapine, quetiapine, ziprasidone) [43]. Moreover, many
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of the behavioral problems of FTD are not clearly response to atypical antipsychotic
medications [42]. Aripiprazole, which has partial agonistic properties at serotonin
5HT, , and dopamine D2 receptors, could be an exception. A recent report of an FTD
patient on aripiprazole showed stabilization of symptoms and improved frontal glu-
cose metabolism on positron emission tomography after a month [44]. Nevertheless,
clinicians need more information on aripiprazole before using it routinely in FTD.

Other Symptomatic Pharmacological Therapy

Clinicians and investigators have considered a number of other agents for treating the
manifestations of FTD. Parkinsonian features in FTD show only a modest response
to carbidopa/levodopa, amantadine, bromocryptine, or pramipexole [27, 32].
Behavioral disturbances, however, may improve with selegiline [45]. Meclobemide, a
selective and reversible MAOA inhibitor, improved affect and decreased stereotypi-
cal behaviors and aggression in 6 FTD patients [46]. Preliminary reports with the
psychostimulant methylphenidate suggest a possible beneficial effect on risk-taking
behavior and on electroencephalograms in FID [47, 48]. Drugs can target specific
behaviors, such as conjugated estrogens or leupron for inappropriate sexual behav-
ior among men and clonazepam for rapid eye movement behavior disorder in some
FTD-parkinsonism patients. The antiepileptic mood stabilizers, valproate, carbam-
azepine, and lamotrigine, deserve further study as therapeutic agents in this disorder.
In addition, limited reports among FTD patients have suggested beneficial effects of
piracetam, idazoxan, gaunfacine, allopurinol, lithium plus SSRI, and even calcium
EDTA [27, 37, 49]. Finally, many vitamins and supplements are often used for pre-
vention, without proof of benefit [38]. Empirically, antioxidants such as vitamin E
may slow the progression of FTD.

There have been specific attempts to treat the language disorders in the FTD-
related syndromes of progressive nonfluent aphasia and semantic dementia. The
main benefit is derived from a knowledgeable speech pathologist who can design a
program of therapy tailored to the patient which includes traditional speech therapies,
learning paradigms, and augmentative speech devices, where indicated. Attempts to
treat progressive nonfluent aphasia with medications have yielded limited results.
Bromocryptine and other dopaminergic agents, including buproprion, may improve
some adynamic aspects of aphasia and are often worth a trial [50].

Future Disease-Modifying Treatments
Increased understanding of the pathophysiology of FTD may lead to promising com-

pounds with therapeutic potential. Most patients with FTD have either a tauopathy
or a TAR-DNA-binding protein (TDP-43) proteinopathy [5]. In the future, there may
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be specific disease-modifying treatments that alter abnormally phosphorylated tau
residues or the expression of TDP-43 protein [5, 51, 52]. For example, lithium and
valproate may decrease the accumulation of hyperphosphorylated tau proteins [51].
These drugs are inhibitors of glycogen synthase kinase 3b, which phosphorylates tau.
The coadministration of lithium with SSRIs may have synergistic potential in treating
FTD [48]. Other mechanisms to modulate total phospho-tau are those that inhibit
heat-shock proteins, cyclin-dependent kinase 5, and fibrillization [5]. Additional
experimental treatments include microtubular stabilizing agents such as paclitaxel
and immunosuppressants such as FK506 [5]. Still, other therapies may target pro-
granulin, a peptide growth factor that plays important roles in mediating neuronal
development and inflammation. Research is just beginning into these and other
potential disease-modifying agents for FTD.

In order to conduct clinical trials in FTD, there have to be well-characterized out-
come measures, similar to those used in AD. Fortunately, a large, multicenter study
of patients with FTD and related syndromes recently developed outcome measures
for clinical trials in FTD [4]. Patients underwent neuropsychological, functional,
behavioral, neurological and magnetic resonance imaging assessment at baseline and
12 months later. Two global measures, a modified Clinical Dementia Rating Scale
(containing additional domains in behavior and language) and the Clinician’s Global
Impression of Change, demonstrated decline in the majority of patients. The neurop-
sychological tests combined into language and executive function composites were
additionally sensitive to clinical changes in FTD. With these measures, the stage is
now set for the initiation of more clinical trials for the treatment of FTD.

Nonpharmacological Therapy

Nonpharmacological interventions include education, behavioral management,
and specific behavioral restrictions (table 2). Clinicians help caregivers by explain-
ing that the neuropsychiatric features have a neurological basis [32]. Education on
the fact that FTD alters personality characteristics and behavior can help caregiv-
ers accept and adjust to the patients’ altered behavior. Behavioral management tech-
niques can target socially disruptive behaviors, such as inappropriate commentary
or touching, as well as stereotypical acts. One strategy is to redirect behaviors using
the Antecedent-Behavior-Consequence Model aimed at modifying the antecedents
or the consequences of the behavior [53]. Another strategy is to use rehabilitation
techniques or retraining via their preserved procedural memory [54]. There often
need to be specific restrictions to prevent access to food if overeating, to the outside if
there is roaming, or to decision-making if there is poor judgment. When hyperorality
is present, dietary restrictions and supervision are vital to preventing excessive weight
gain or the dangerous placement of non-food items in the mouth [38]. Clinicians
should evaluate FTD behaviors in terms of the threat to safety as well as frequency
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Table 2. Nonpharmacological treatment of FTD'

1 Education-explanation on the nature of the disease and that the neuropsychiatric features
have a neurological basis and are not ‘deliberate’ behaviors.

2 Behavioral management strategies and interventions, e.g. social misconduct and
stereotypical behaviors may respond to diversion or, retraining, or other strategies.

3 Specific behavioral restrictions/certain behaviors require restructuring the environment, e.g.
hyperorality, roaming, or compulsions. In particular, FTD patients lack judgment and require
monitoring and restriction of decision making.

4 Attend to the patient’s daily quality of life: mood status, social connectedness, ability to
communicate, physical activity, and nutritional status.

5 Attend to functional issues: activities of daily living, home environment and safety,
alternative transportation (FTD patients should not drive), independence vs. alternative
living situations, and safe return bracelet.

6 Assure that the patient has a primary medical doctor.

7 Evaluate the need for genetic counseling, if other family members are affected.

8 Caring for caregiver: evaluate the need for family or caregiver psychological counseling as
well as support groups, respite or relief including involvement of other family members, and
referral to community resources, e.g. AD Caregivers Resource Center Caregiver Resource
Center (www.caregiver.org) and the Association of Frontotemporal Dementias (www.ftd-
picks.org)

"Modified from Mendez et al. [2].

and duration [55]. Finally, clinicians need to attend to the patients’ quality of life,
functional status (including interdicting driving), general medical needs, and, when
indicated, appropriateness for genetic counseling.

FTD is very stressful to the caregiver and support of the family is critically impor-
tant. Behavioral disturbances among FTD patients, such as apathy, disinhibition,
mood disorders, and agitation, are particularly associated with high levels of care-
giver distress. Caregivers may need support from other family members, counselors,
and support groups and referrals to respite care and community resources. As FTD
progresses, patients usually display increasing apathy and fewer intrusive behaviors
such as disinhibition and stereotypical actions, which may result in easier behavioral
management and correspondingly decreased caregiver stress [19].

Conclusions
Although there is no specific cure for FTD and related syndromes, several treatments

are possible. Serotonin binding is decreased in FTD [29], and SSRIs such as sertraline,
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paroxetine, or fluoxetine can decrease disinhibition-impulsivity, repetitive and ste-
reotypical behaviors, and overeating or carbohydrate craving [25-27]. Trazodone at
low doses may be particularly helpful for agitated behavior. Marked disinhibition,
aggressive behavior, or verbal outbursts may respond to small doses of atypical anti-
psychotics; however, caution is advised as some FTD patients have a hypersensitiv-
ity to these medications [40-42]. There is questionable benefit from ChEIns such as
donezepil, rivastigmine, or galantamine [16, 17]; however, investigators are currently
studying memantine as a treatment for FTD. The nonpharmacological management
of patients with FT'D focuses on education, behavioral interventions, and care of the
caregivers. Finally, the recent, remarkable breakthroughs in the neuroscience of FTD
hold the promise of disease-modifying therapies in the not too distant future.
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